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and the relatively warm flow of the first fluid part and the re-
latively warm flow of the second fluid part.
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A method and device for treating a fluid

The invention relates to a method for treating a fluid, whereby the fluid is
divided into at least a first and second fluid part.

The invention further relates to a device for treating a fluid, whereby the
fluid is divided into at Jeast a first and second fluid part, which device comprises at
least a photovoltaic solar panel, a heat exchanger located against the photovoltaic
solar panel and a fluid treatment device.

In such a method and device, which are known from US20110011802A1, a
photovoltaic cell is cooled by a first flow of sea water flowing through a first heat
exchanger due to which the sea water is heated. The heated first flow of sea water
is directed into a water treatment unit, where the heat from the heated sea water is
used to treat a second flow of salt water. The water treatment unit comprises a
second heat exchanger and a desalinator unit to divide the second flow of sea water
into a flow of desalinated water and concentrated salt water.

A disadvantage of the known method is that a relatively large amount of
energy is lost in the two flows of sea water and a relatively large amount of
additional energy is needed for the desalination process.

The object of the invention is to provide a method to divide a fluid into at
least a first and second fluid part in an efficient and energy-saving manner.

This object is accomplished with the method according to the invention in
that the method comprises the steps of:

- flowing a flow of relatively cold fluid along at least one photovoltaic solar
panel being heated by solar energy towards and into a fluid treatment device;

- at Jeast heating the flow of fluid in a fluid treatment device to divide the
flow of fluid into a flow of a fixst fluid part and a flow of a second fluid part;

- flowing the flows of the first fluid part and the second fluid part from the
fluid treatment device along the flow of relatively cold fluid;

- whereby before entering the fluid treatment device the flow of relatively

cold fluid is being preheated by the relatively warm photovoltaic solar panel, the
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relatively warm flow of the first fluid part and the relatively warm flow of the
second fluid part.

Since the relatively cold fluid is being preheated less energy is needed in the
fluid treatment device to heat the fluid to a desired temperature which is needed
for the process to divide the fluid into the two (or more) fluid parts.

Furthermore the photovoltaic solar panel will be cooled down by the heat
transfer to the relatively cold fluid. It is known that photovoltaic solar panels work
more efficiently if the temperature of the photovoltaic solar panel is not too high
and being less than 75 degrees Celsius, for example.

By also transferring the heat both of the flows of the first and second fluid
part leaving the fluid treatment device to the flow of fluid entering the fluid
treatment device, the additional energy needed for raising the temperature of the
fluid to be treated is relatively low and nearly no energy is lost.

The fluid and fluid parts may be a liquid or a gas. The fluid to be treated
can be saline water, sea water, polluted water or other kinds of liquids or gasses
which need to be divided into at least two fluid parts.

It has to be noted that US4749447 discloses a solar still wherein raw
liquid becomes evaporated. The vapor is collected from evaporator conduits into
vapor conduits and than guided into a condensor conduit. The flows in all
conduits are all along a same continuous down slope.

The solar still of US4749447 does not comprise photovoltaic solar panels,
does not comprise a fluid treatment device to divide the flow of fluid into a flow of
a first fluid part and a flow of a second fluid part and the flow of relatively cold
fluid is not being preheated by three different sources, being the relatively warm
photovoltaic solar panel, the relatively warm flow of the first fluid part and the
relatively warm flow of the second fluid part.

An embodiment of the method according to the invention is characterised in
that by means of the photovoltaic solar panel solar energy is converted into
electrical energy, which electrical enexrgy is at least partly used to operate at least

partly the fluid treatment device.
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Preferably the amount of electrical energy generated by the photovoltaic
solar panel is sufficient to operate the fluid treatment device. In this manner a self
sustainable system is obtained whereby no external energy other than solar energy
is needed. If more electrical energy is generated by the photovoltaic solar panel
than needed, the surplus of electric energy can be stored in an accumulator, which
energy can be used when there is not enough sun to generate the desired amount
of electrical energy.

Another embodiment of the method according to the invention is
characterised in that by heating the flow of fluid in the fluid treatment device, a
part of the flow of fluid is evaporated into a vapor forming the first fluid part.

Such method of separating one fluid part of the other is relatively simple,
especially if the boiling temperature of the two fluid parts differs. Also if the fluid
comprises a solution of a solute and a solvent, the solvent can be partly evaporated
as the first fluid part, while a remaining part of the solvent together with the solute
will form the second fluid part. In the second part the concentration of the solute
is much higher than in the original fluid.

Another embodiment of the method according to the invention is
characterised in that the vapor is being flown along the flow of relatively cold fluid.

The vapor is relatively hot and a relatively large amount of energy can be
recovered from the vapor and transferred to the flow of fluid. During the transfer
of energy the vapor will condense.

Another embodiment of the method according to the invention is
characterised in that the direction of the flows of the first and second fluid part is
opposite to the direction of the flow of relatively cold fluid.

By flowing in opposite directions a good heat transfer is obtained.

Another embodiment of the method according to the invention is
characterised in that the fluid is salt water, the first part is treated water and the
second fluid part is brine.

Since the method according to the invention can be self sustainable or need

only a small amount of external energy, the method is very suitable for
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desalination of water in areas with a large amount of sea water and with a sunny
climate. If the salt water is sea water the brine can easily be dropped back into the
sea.

Another embodiment of the method according to the invention is
characterised in that the treated water is potable.

If the desalination is done to a sufficient level, the water can be used for
human and/or animal consumption and irrigation. Such level of desalination will
be obtained by evaporation of part of the fluid.

The invention also relates to a device for dividing a fluid into at least a first
and second fluid parts in an efficient and energy-saving manner.

This object is accomplished with the device according to the invention in
that, the fluid treatment device comprises a heating element to heat the fluid and
to divide the fluid into the first and second fluid part wherein the heat exchanger
comprises at least three separated flow channels, a first flow channel for a flow of
the fluid to be treated and a second and third flow channel for a flow of the first
fluid part and a flow of the second fluid part and wherein the three separated flow
channels are connected to the fluid treatment device, whereby before entering the
fluid treatment device the flow of relatively cold fluid in the first flow channel is
being preheated by the relatively warm photovoltaic solar panel, the relatively
warm flow of the first fluid part in the second flow channel and the relatively warm
flow of the second fluid part in the third flow channel.

In case that the photovoltaic solar panel, first fluid part and the second fluid
part have a higher temperature than the fluid to be treated, heat will be transferred
in the heat exchanger from the photovoltaic solar panel, first fluid part and the
second fluid part to the fluid to be treated so that the fluid will be preheated
before entering the fluid treatment device. Due to the heat transfer the device can
be operated with a relatively small amount of external energy, preferably the

electric energy of the photovoltaic solar panel.
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An embodiment of the device according to the invention is characterised in
that the photovoltaic solar panel is electrically connected to the fluid treatment
device.

In this manner the electrical energy generated by the photovoltaic solar
panel can be used for operating the fluid treatment device so that less external
energy or even none external energy is needed for separating the fluid into two
fluid parts.

Another embodiment of the device according to the invention is
characterised in that the fluid treatment device comprises a boiling vessel.

Such a boiling vessel can easily be electrically operated to heat the fluid to
any desired temperature, for example the boiling temperature of the fluid.

Another embodiment of the device according to the invention is
characterised in that a first side of the photovoltaic solar panel and the heat
exchanger is located at a lower level than a second side thereof, whexeby the fluid
treatment device is located near the second side at about the same level thereof.

In such an arrangement the first fluid part and second fluid part will flow
from the fluid treatment device downwardly to the lower level of the second side
under the force of gravity. The fluid to be treated will enter the heat exchanger
preferably at the lower level and will, as soon as the device is operating, flow
upwardly by means of a pump or by locating a reservoir of the fluid to be treated
at a higher level than the second side.

Another embodiment of the device according to the invention is
characterised in that the heat exchanger comprises a pane extending parallel to the
photovoltaic solar panel at a distance thereof, which heat exchanger comprises a
circumferential wall connected with a first side to edges of the photovoltaic solax
panel and with a second side to edges of the pane, wherein a space bounded by the
photovoltaic solar panel, the pane and the circumferential wall forms the first flow
channel, whilst two tubes located in the space form the second and third flow

channels.
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Such heat exchanger is relatively easy to manufacture. The fluid to be
treated will flow over the photovoltaic solar panel so that heat from the
photovoltaic solar panel can easily be transferred to the fluid. Furthermore since
the tubes for transporting the first and second fluid parts are located in the space
filled with the fluid, also heat transfer from the first and second fluid parts through
the walls of the tubes to the fluid will easily take place.

Another embodiment of the device according to the invention is
characterised in that the heat exchanger is located on top of the photovoltaic solax
panel, wherein the pane is at least transparent for solar energy.

The solar energy can easily reach the photovoltaic solar panel through the
pane and the space between the pane and the photovoltaic solar panel.
Furthermore, a person checking the device can easily look through the pane inside
the heat exchanger and check if the fluid is still flowing. Preferably the pane is
made of glass or plastic and forms an insulating layer for the heat of the fluid and
fluid parts.

The invention will now be explained in more detail with reference to the
drawing, in which:

Figure 1is a perspective view of the device according to the invention.

Figure 1 shows a device 1 according to the invention. The device 1 comprises
a table-like support structure 2 provided with a table top 3, two relative short front
legs 4 and two relatively longer rear legs 5. Due to the difference in length of the
front legs 4 and the rear legs 5, the table top 3 is tilted forwardly and encloses an
angle A with the horizontal of about 30 degrees, for example.

The device 1 comprises an insulation layer 6 located on the table top 3, a
photovoltaic solar panel 7 located on the insulation layer 6 and a heat exchanger 8
located on and against the solar panel 7. Near the top rear side the device 1 is
provided with a fluid treatment device 9.

The photovoltaic solar panel 7 may compose a number of interconnected

PV-cells and may have a length of 1,5 metre and a width of 1 metxe.
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The photovoltaic solar panel 7 is electrically connected to the fluid
treatment device 9 by means of a plug 10 and socket 11.

The heat exchanger 8 comprises a circumferential wall 12 connected with a
first side to edges 13 of the photovoltaic solar panel 7. The heat exchanger 8 also
comprises a pane 14 extending parallel to the photovoltaic solar panel 12 at a
distance thereof. The pane 14 is preferably made of glass or plastic being
transparent for sun light. The circumferential wall 12 is connected with a second
side to edges 15 of the pane 14. The photovoltaic solar panel 7, the pane 14 and the
circumferential wall 12 bound a space 16. Inside the space 16 two tubes 17, 18 are
located. The tubes 17, 18 meander from an upper part 19 of the circumferential wall
12 to a lower part 20 of the circumferential wall 12. At the upper part 19 the tubes
17, 18 are provided with fluid inlets 21, 22, whilst near the lower part 20 the tubes
17, 18 are provided with fluid outlets 23, 24. The device 1 comprises means for
collecting fluid from the fluid outlets 23, 24, shown as buckets 25, 26 respectively.

Since the fluid inlet 27 to the space 16 is located at a lower level than
the fluid outlet 29 of the space 16, the sea water entering the space 16 will
automatically be located against the photovoltaic solar panel 7, the pane 14 and the
circumferential wall 12. In this manner a good transfer of the heat of the solar
panel 7 and the pane 14 to the sea water will be obtained. Furthermore, since the
sea water will fill the space 16 from below, there will be no air between the sea
water and the photovoltaic solar panel 7 and the pane 14.

The lower part 20 is furthermore provided with a fluid inlet 27 to the space
16, which fluid inlet 27 is connected on the other side to a sea water supply, shown
as a bucket 28. The upper part 19 is provided with a fluid outlet 29 of the space 16.

The fluid treatment device 9 comprises a cylindrical vessel 30 with a spiral-
shaped heating element 31.The heating element 31 is electrically connected to the
socket 11. The fluid outlet 29 of the space 16 as well as the fluid inlets 21, 22 of the
tubes 17, 18 are connected to the vessel 30.

The device 1 is suitable for desalination of salt water to obtain a potable

water part and a brine in a self sustainable manner. To obtain the potable water,
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the device 1 is placed outdoors in the sun and close to a source of saline water, like
the sea.

Radiation of the sun passes the pane 14 and the space 16 and reaches the
photovoltaic solar panel 7, where the solar energy is converted into electrical
energy. The radiation will also heat up the pane 14, the space 16 and the
photovoltaic solar panel 7. Relative cold salt water is allowed to enter via the fluid
inlet 27 the space 16 and will flow upwards towards the fluid outlet 29 of the space
16 and will continue to flow into the vessel 30. Since the bucket 28, representing a
reservoir of salt water, is located at a higher level than the vessel 30, the salt water
will automatically flow upwardly. If the device 1 is used, for example in the United
Arab Emirates, the sea water may have a temperature in the summer of more than
30 degrees Celsius when entering the fluid inlet 27. Inside the vessel 30, the heating
element 31 is powered by the electrical energy obtained from the photovoltaic solax
panel 7. The salt water will be heated by the heating element 31 to the boiling
temperature of the salt water. At the boiling temperature, part of the salt water will
evaporate and become a vapor. The vapor is guided into the fluid inlet 21 and will
flow under the force of gravity downwards through the tube 17 to the fluid outlet
23 and into the bucket 25. The vapor will condense between the vessel 30 and the
bucket 25 to liquid water. This water is potable. To avoid that the vessel 30 will be
filled with salt, brine being water containing a larger amount of salt and remaining
at the bottom of the vessel 30, will be guided into the fluid inlet 22 and will flow
under the force of gravity downwards through the tube 18 to the fluid outlet 24 and
into the bucket 26.

As the cold water is flowing from the fluid inlet 27 to the fluid outlet 29,
water will cool down the photovoltaic solar panel 7 due to which a better
performance of the photovoltaic solar panel 7 will be obtained. By cooling down
the photovoltaic solar panel 7, the temperature of the relative cold water will xise.
The fluid parts flowing through the tubes 17, 18 have a higher temperature than the
salt water flowing into the space 16, so that heat will also be transferred from the

fluid parts in the tubes 17, 18 through the walls of the tubes 17, 18 to the salt water



10

15

20

25

30

WO 2014/053308 PCT/EP2013/069222

due to which the temperature of the salt water will further raise. By entering the
vessel 30 the temperature of the salt water will be about 75 to 85 and preferably 9o
to 95 degrees Celsius. In this manner the amount of energy to raise the
temperature to the boiling temperatuxe is relatively low since a large amount of the
heating energy is obtained from cooling down the photovoltaic solar panel 7 and
the fluid parts in the tubes 17, 18.

If the photovoltaic solar panel 7 delivers more electrical energy than needed
for the heating element 31, the surplus of electrical energy can be stored in an
accumulator like an battery. If the photovoltaic solar panel 7 delivers not enough
electrical energy, additional electrical energy can be obtained from said
accumulator or from an external energy source.

The device 1 is also suitable for dividing other kinds of fluids into at least
two fluid parts, like ethanol-methanol-mixtures.

It is also possible that only one fluid part flows through the heat exchanger.
However, in such a case the heat energy in the other fluid part will not be used to
heat up the flow of fluid to be treated and will be lost.

It is also possible that the fluid treatment device 9 is another kind of device
for separating the fluid into different fluid parts, for example a high-temperature
reverse osmosis device or a multi-stage flash evaporation distillation device.

It will be cleaxr that instead of buckets, reservoirs, containers and piping can
be used to transport the fluid and fluid parts.

The upward flow of the incoming relatively cold salt water can also be
realized by means of a pump being operated preferably by the energy generated by
the photovoltaic solar panel 7.

It is also possible to mount the heat exchanger between the photovoltaic
solar panel 7 and the insulation layer 6. One-way valves may be mounted in the

heat exchanger to direct the flow of the fluid and/or fluid parts.
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Claims

1. A method for treating a fluid, whereby the fluid is divided into at least a first
and second fluid part, characterized in that, the method comprises the steps of:

- flowing a flow of relatively cold fluid along at least one photovoltaic solar
panel (7) being heated by solar energy towards and into a fluid treatment device
(9);

- at least heating the flow of fluid in a fluid treatment device (9) to divide
the flow of fluid into a flow of a first fluid part and a flow of a second fluid part;

- flowing of the flows of the first fluid part and the second fluid part from
the fluid treatment device (9) along the flow of relatively cold fluid;

- whereby before entering the fluid treatment device (9) the flow of
relatively cold fluid is being preheated by the relatively warm photovoltaic solax
panel (7), the relatively warm flow of the first fluid part and the relatively warm

flow of the second fluid part.

2. A method according to claim 1, characterized in that by means of the
photovoltaic solar panel (7) solar energy is converted into electrical energy, which
electrical energy is at least partly used to operate at least partly the fluid treatment

device (9).

3. A method according to claim 1 or 2, characterized in that by heating the flow
of fluid in the fluid treatment device (9), a part of the flow of fluid is evaporated

into a vapor, forming the first fluid part.

4. A method according to claim 3, characterized in that the vapor is being

flown along the flow of relatively cold fluid.
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5. A method according to one of the preceding claims, characterized in that the
direction of the flows of the first and second fluid part is opposite to the direction

of the flow of relatively cold fluid.

6. A method according to one of the preceding claims, characterized in that the

fluid is salt water, the first part is treated water and the second fluid part is brine.

7. A method according to claim 6, characterized in that the treated water is
potable.
8. A device (1) for treating a fluid, whereby the fluid is divided into at least a

first and second fluid part, which device (1) comprises at least photovoltaic a solax
panel (7), a heat exchanger (8) located against the photovoltaic solar panel (7) and
a fluid treatment device (9), characterized in that, the fluid treatment device (9)
comprises a heating element (30) to heat the fluid and to divide the fluid into the
first and second fluid part wherein the heat exchanger (8) comprises at least three
separated flow channels, a first flow channel for a flow of the fluid to be treated
and a second and third flow channel for a flow of the first fluid part and a flow of
the second fluid part respectively, and wherein the three separated flow channels
are connected to the fluid treatment device (9), whereby before entering the fluid
treatment device (9) the flow of relatively cold fluid in the first flow channel is
being preheated by the relatively warm photovoltaic solar panel (7), the relatively
warm flow of the first fluid part in the second flow channel and the relatively warm

flow of the second fluid part in the third flow channel.

9. A device (1) according to claim 8, characterized in that the photovoltaic solax

panel (7) is electrically connected to the fluid treatment device (9).

10. A device (1) according to claim 8 or 9, characterized in that the fluid

treatment device (9) comprises a boiling vessel (30).
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11. A device (1) according to one of the preceding claims 8-10, characterized in
that a first side of the photovoltaic solar panel (7) and the heat exchanger (8) is
located at a Jower level than a second side thereof, whereby the fluid treatment

device (9) is located near the second side at about the same level thereof.

12. A device (1) according to one of the preceding claims 8-11, characterized in
that the heat exchanger (8) comprises a pane (14) extending parallel to the
photovoltaic solar panel (7) at a distance thereof, which heat exchanger (8)
comprises a circumferential wall (12) connected with a first side to edges (13) of the
photovoltaic solar panel (7) and with a second side to edges (15) of the pane (14),
wherein a space (16) bounded by the photovoltaic solar panel (7), the pane (14) and
the circumferential wall (12) forms the first flow channel, whilst two tubes (17, 18)

located in the space (16) form the second and third flow channels.

13. A device (1) according to claim 12, characterized in that the heat exchanger
(8) is located on top of the photovoltaic solar panel (7), wherein the pane (14) is at

least transparent for solar energy.
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