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(57) Abstract: The present invention relates to a plate heat exchanger for treatment
of aliquid feed, the heat exchanger comprising a plurality of successively arranged
heat exchanger plates. Each heat exchanger plate defining an evaporation section
for vaporizing the feed, a condensation section for condensing the feed, a separa-
tion section being located between the evaporation section and the condensation
section for separating vaporized feed and non-vaporized feed, a first passage locat-
ed between the evaporation section and the separation section for allowing the flow
of vaporized feed, a second passage located between the separation section and the
condensation section in a first part of the plate for allowing the flow of vaporized
feed, a gasket element preventing access between the separation section and the
condensing section in a second part of the plate and a flow guiding element located
between the separation section and the second passage for reducing the flow area.
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PLATE HEAT EXCHANGER FOR TREATMENT OF A LIQUID FEED

The present invention relates to a plate heat exchanger for treatment of a liquid feed, a
heat exchanging plate for a plate heat exchanger for treatment of a liquid feed, gasket for
a plate heat exchanger for treatment of a liquid feed and a method of producing a plate

heat exchanger for treatment of a liquid feed.

Background of the invention

Equipment for desalination of seawater, where one or several plate packages of heat
exchanger plates form the main components in the process, has been manufactured since
many years. SE 464 938 B discloses such a desalination plant comprising a plate package
provided in a cylindrical container. The heat exchanger plates have no ports for steam, but
instead the space outside the heat exchanger plates is used as one or several flow paths
for the steam, depending on the kind of process. The container is a substantially cylindrical
pressure vessel. In a large plant including several plate packages, these may be placed in
the longitudinal direction of the cylinder. To a certain extent, the container is limiting for the

size of the plant, if not several containers can be included in the plant.

The applicant company has since several years produced a fresh water generator without
any tank where the evaporation, separation and condensation take place in the plate
package. The details may be found in the international application WO 2006 / 104443 A1
assigned to the Alfa Laval Corporate AB. It is disclosing a plate heat exchanger for
desalination. The heat exchanger has first- and second plate interspaces formed in
alternating order in the heat exchanger. The first plate interspace forms an evaporation
section, a separation section and a condensation section, whereas the second plate
interspace form heating and cooling sections. The evaporation section is used for
evaporating a liquid feed, such as sea water, the separation section is used for separating
evaporated feed from non-evaporated feed and the condensation section is used for
condensing the evaporated feed. The heating section is heating the evaporation section
and the cooling section is cooling the condensation section. The separation section
extends between both plate interspaces, i.e. also between the heating and cooling sections
in the second plate interspace. The advantage of the above-mentioned heat exchanger is
that it does not need any container since the whole treatment of the seawater is performed

in the plate package.
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The above plate heat exchanger has centrally located ports for heating fluid, cooling fluid
and fresh water and the ports for steam and feed are symmetrically arranged about a
central axis of the heat exchanger plate. In this way only one plate type is needed. The
first and second plate interspaces are formed by using two different gaskets and arranging
the heat exchange plates face to face. In this way the corrugations in the opposing plates

will form a cross shaped pattern.

The centrally located ports and the ports adjacent the edges of the heat exchanger plate
implies that up to six gasket elements will be required along the width of the heat
exchanger plate. The gaskets occupy space on the heat exchanger plate which cannot be
used for the process. The width of the gasket will be about the same for a large heat
exchanges as for a small heat exchanger. For a large heat exchanger, the space occupied
by the gaskets may be negligible, however, for a small heat exchanger it may be

significant.

There is an increased need for smaller fresh water generators which may be used on board
smaller vessels. When reducing the size of the fresh water generator as discussed above,
the gaskets will still take up essentially the same amount of space. This will make the
smaller fresh water generators less area efficient compared to the large fresh water
generators. This is especially problematic for the condenser which needs a large heat

exchanging area to operate properly.

One solution to the above problem is to omit the centrally located ports, in particular in the
condenser, and have all of the ports arranged at the edges of the heat exchanging plate.
One example of such design for the condenser is presented in the pending European
patent application EP19171723.0. The ports may then still be symmetrical placed about
the centre axis to allow the individual plates to be flipped over, i.e. turned 180 degrees
about the centre axis, while keeping the ports at the same relative position. By keeping the
ports and the gasket grooves symmetric about the centre axis, only one plate type is

needed.

Having centrally located ports for the cooling fluid allows the passages for evaporated feed
to be placed adjacent both edges of the plate, however, arranging the ports at the edges
only implies that only one passage for evaporated feed from the separator to the
condenser may be located adjacent one edge of the plate only as the opposite side of the

plate is used for the ports for the cooling fluid and the condensate of the condenser. The
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flow of evaporated feed will thus be asymmetric in the separation section. Experiments
and simulations have shown that the distribution of the flow in the separator is thereby
negatively influenced as a greater part of the flow will take the shortest path between the
evaporation section and the condenser. This may in turn lead to carry over of non-

vaporised fluid, i.e. liquid droplets, from the vaporizer to the condenser.

It is therefore an object of the present invention to provide technologies for treatment of a

liquid feed which avoids the above-mentioned problem.

US 8,646,517 describes a heat exchanger plate having a gasket with a displaced gasket

close to the port hole.

CN 203820488 describes a desalination plate showing a field gasket with inner projections.

Summary of the invention

The above objects are realised in a first aspect by a plate heat exchanger for treatment of
a liquid feed, the heat exchanger comprising a plate package having a plurality of
successively arranged heat exchanger plates, each heat exchanger plate defining a first
longitudinal edge, an opposite second longitudinal edge extending parallel to the first
longitudinal edge and a centre axis extending substantially centrally between and in
parallel with the first longitudinal edge and the second longitudinal edge, the centre axis
dividing the plate into a first part extending between the first longitudinal edge and the
centre axis, and a second part extending between the second longitudinal edge and the
centre axis, the plate package defining first plate interspaces and second plate interspaces
arranged in alternating order, each plate interspace being enclosed by a gasket extending
along the first and second longitudinal edges of each plate, each heat exchanger plate
further defining:

an evaporation section for vaporizing the feed, a condensation section for
condensing the feed, and a separation section for separating vaporized feed and non-
vaporized feed, the separation section being located between the evaporation section
and the condensation section in the longitudinal direction,

a first passage located between the evaporation section and the separation
section in the first and second part of the plate for allowing the vaporized feed to flow from

the evaporation section to the separation section,
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a second passage located between the separation section and the
condensation section in the first part of the plate for allowing the vaporized feed to flow
from the separation section to the condensation section,

a gasket element preventing access between the separation section and the
condensing section in the second part of the plate, and

a flow guiding element located between the separation section and the
second passage and extending from the first edge towards the centre axis for reducing the

flow area between the separation section and the second passage.

The evaporation section is located in the lower part of the plate package, the condensation
section is located in the upper part of the plate package and the separation section is
located in between the evaporation section and the condensation section. The first
passage between the evaporation section and the separation section allows evaporated
feed to flow upwards from the complete width of the evaporation section. The first passage
thus extends a larger part of the distance between the longitudinal edges, i.e. on both parts
of the plate divided by the centre axis. Beside the first passage, passages for non-

evaporated feed are provided.

The second passage between the separation section and the condensation section extend
on the first part of the plate only, i.e. adjacent the first one of the longitudinal edges only.
Fluid access between the separation section and the condensing section in the second
part of the plate is prevented by the gasket element. This is in order to have the ports
located adjacent the edges and avoid any centrally located ports as described above. The
non-evaporated feed thus enters the second passage stretching between the separation
section and the condensation section at the first longitudinal edge and condensates at the
heat transfer area located at the centre axis. The condensate is collected at a condensate
port at the opposite second longitudinal edge of the plate. The heat transfer area of the
condensation section is sealed off from the separation section except at the location of the

second passage.

The flow guiding element extends from the first longitudinal edge at least a part of the
distance towards the centre axis for reducing the flow area between the separation section
and the second passage, thereby causing the flow of vaporized feed to flow more towards
the second edge and prevent the flow from taking the shortest path between the first
passage and the second passage. This leads to a more even distribution of the flow in the

separation section and avoids carry over of non-evaporated feed to the condensation
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section. The separation section is closed by means of the gasket except on the location of

the first and second passages and the outlet passage for non-evaporated feed.

According to a further embodiment of the first aspect, the flow area between the separation
section and the second passage is reduced by 10%-30% compared to the flow area of the

second passage.

The above value improves the distribution of the flow in the separation section while still

causing an acceptable pressure to increase due to the reduced flow area.

According to a further embodiment of the first aspect, the flow guiding element forms part

of the gasket along the first edge.

In a preferred embodiment, the flow guiding element is part of the gasket. Apart from
establishing a simple and secure flow guiding element, this solution has the added
advantage of helping in the alignment and fixation of the gasket to the plate. Alternatively,

the flow guiding element may be pressed in the plate.

According to a further embodiment of the first aspect, the flow guiding element has a

triangular shape.

In this way the flow of vaporized feed approaching the second passage from directly below
the flow guiding element may be guided in a direction towards the centre axis and prevent
the flow from taking the shortest route and improve the distribution of the flow in the

separation section.

According to a further embodiment of the first aspect, the flow guiding element has a

rounded shape towards the separation section.

In this way the flow of vaporized feed approaching the second passage from directly below
the flow guiding element may even be caused to flow in the transversal direction towards
the second edge before entering the second passage. This will further extend the flow
distance between the first- and second passages and improve the distribution of the flow

in the separation section as the flow is caused to flow towards the second edge.
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According to a further embodiment of the first aspect, every second plate interspace
defines a cooling section for cooling the condensation section and/or heating section for

heating the evaporation section.

The heating section is located in the opposite side of the plate relative to the evaporation
section and the cooling section is located in the opposite side of the plate relative to the
condensation section. The heating section is heating the evaporation section and the

cooling section is cooling the condensation section.

According to a further embodiment of the first aspect, a further flow guiding element is

present at the second edge extending towards the centre axis.

The further flow guiding element, which preferably is forming part of the gasket at the

second edge, allows for symmetry relative to the flow guiding element of the first edge.

According to a further embodiment of the first aspect, the liquid feed is sea water.

The plate heat exchanger may be a fresh water generator using sea water as feed and

producing fresh water.

According to a further embodiment of the first aspect, the separation section and the flow

guiding element is provided in both the first and second plate interspaces.

The separation section is then provided both between the evaporation section and the
condensation section, and, between the heating section and cooling section. Apertures

are provided in the plate for allowing evaporated feed to flow between the plates.

According to a further embodiment of the first aspect, the heat exchanging plate is provided
with apertures at the first and second passages for communication between the plate

interspaces.

The aperture(s) at the first passage allow evaporated feed to enter the plate interspace
opposite to the evaporation section and the aperture(s) at the second passage allow the

evaporated feed to return to the plate interspace housing the condensation section.
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According to a further embodiment of the first aspect, the heat exchanging plate is provided
with ports for cooling medium and condensate and being arranged symmetrically about

the centre axis with respect to the ports at the second passage.

As mentioned above, typically, the inlet and outlet ports for the cooling medium flowing on
the opposite side of the condensing section and the outlet port for the condensate

correspond to vapor apertures at the opposite edge of the plate at the second passage.

According to a further embodiment of the first aspect, each heat exchanger plate is
corrugated in the separation section forming ridges and valleys, whereby a ridge
corresponds to a valley on the opposite side of the plate and whereby in each plate

interspace ridges fall into valleys and vice versa.

Whereas the heat exchange area in the condensing section and evaporation section
typically has a cross-corrugates pattern where opposing ridges of opposing plates contact
at contact points, the separation section may be configured such that the opposing plates
do not contact and typically with transversally oriented valleys and ridges which fall into
each other, establishing a meandering flow path capable of catching of non-evaporated
feed.

The above objects are realised in a second aspect by a heat exchanging plate for a plate
heat exchanger for treatment of a liquid feed, the heat exchanger comprising a plate
package having a plurality of successively arranged heat exchanger plates with gaskets
in-between, the heat exchanger plate defining:

a first longitudinal edge, an opposite second longitudinal edge extending
parallel to the first longitudinal edge and a centre axis extending substantially centrally
between the first longitudinal edge and the second longitudinal edge, the centre axis
dividing the plate into a first part extending between and in parallel with the first longitudinal
edge and the centre axis, and a second part extending between the second longitudinal
edge and the centre axis,

an evaporation section for vaporizing the feed, a condensation section for
condensing the feed, and a separation section for separating vaporized feed and non-
vaporized feed, the separation section being located between the evaporation section

and the condensation section in the longitudinal direction,
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a first passage located between the evaporation section and the separation
section in the first and second part of the plate for allowing the vaporized feed to flow from
the evaporation section to the separation section,

a second passage located between the separation section and the
condensation section in the first part of the plate for allowing the vaporized feed to flow
from the separation section to the condensation section,

an element for preventing access between the separation section and the
condensing section in the second part of the plate, and

a flow guiding element located between the separation section and the
second passage and extending from the first edge towards the centre axis for reducing the

flow area between the separation section and the second passage.

The above heat exchanging plate according to the second aspect is preferably used in the

plate heat exchanger according to the first aspect.

The above objects are realised in a third aspect by a gasket for a plate heat exchanger for
treatment of a liquid feed, the heat exchanger comprising a plate package having a plurality
of successively arranged heat exchanger plates with gaskets in-between, the gasket
defining:

a first longitudinal edge, an opposite second longitudinal edge extending
parallel to the first longitudinal edge and a centre axis extending substantially centrally
between and in parallel with the first longitudinal edge and the second longitudinal edge,
the centre axis dividing the gasket into a first part extending between the first longitudinal
edge and the centre axis, and a second part extending between the second longitudinal
edge and the centre axis,

an evaporation section for vaporizing the feed, a condensation section for
condensing the feed, and a separation section for separating vaporized feed and non-
vaporized feed, the separation section being located between the evaporation section
and the condensation section in the longitudinal direction,

a first passage located between the evaporation section and the separation
section in the first and second part of the gasket for allowing the vaporized feed to flow
from the evaporation section to the separation section,

a second passage located between the separation section and the
condensation section in the first part of the gasket for allowing the vaporized feed to flow

from the separation section to the condensation section
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a gasket element preventing access between the separation section and the
condensing section in the second part of the gasket, and

a flow guiding element located between the separation section and the
second passage and extending from the first edge towards the centre axis for reducing the

flow area between the separation section and the second passage.

The above gasket according to the third aspect is preferably used together with the plate

according to the second aspect in the plate heat exchanger according to the first aspect.

The above objects are realised in a fourth aspect by method of producing a plate heat
exchanger for treatment of a liquid feed such as sea water by providing a plurality of heat
exchanging plates, each heat exchanger plate defining:

a first longitudinal edge, an opposite second longitudinal edge extending
parallel to the first longitudinal edge and a centre axis extending substantially centrally
between and in parallel with the first longitudinal edge and the second longitudinal edge,
the centre axis dividing the plate into a first part extending between the first longitudinal
edge and the centre axis, and a second part extending between the second longitudinal
edge and the centre axis,

a evaporation section for vaporizing the feed, a condensation section for
condensing the feed, and a separation section for separating vaporized feed and non-
vaporized feed, the separation section being located between the evaporation section
and the condensation section in the longitudinal direction,

a first passage located between the evaporation section and the separation
section in the first and second part of the plate for allowing the vaporized feed to flow from
the evaporation section to the separation section,

a second passage located between the separation section and the
condensation section in the first part of the plate for allowing the vaporized feed to flow
from the separation section to the condensation section, and

a flow guiding element located between the separation section and the
second passage and extending from the first edge towards the centre axis for reducing the
flow area between the separation section and the second passage,
the method comprising the steps of:

arranging the heat exchanging plates successively in a plate package having
a gasket in-between each of the plates such that the plate package defining first plate
interspaces and second plate interspaces arranged in alternating order, whereby a gasket

element preventing access between the separation section and the condensing section in
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the second part of the plate and each plate interspace being enclosed by the gasket

extending along the first and second edges of each plate.
The above method according to the third aspect is preferably used to manufacture the
plate heat exchanger according to the first aspect using the plate according to the second

aspect and the gasket according to the third aspect.

Brief description of the drawings

Fig. 1 discloses a side view of a plate heat exchanger according to the present invention.
Fig. 2 discloses a view of the front side of a heat exchanger plate and gasket.

Fig. 3 discloses a view of the rear side of a heat exchanger plate and gasket.

Detailed description of the drawings

Fig. 1 discloses a side view of a plate heat exchanger 10 of the invention. In the following
description an application with respect to desalination of seawater is described, i.e. the
feed is sea water. However, it is to be noted that the invention is not limited to the feed
being sea water but may also refer to any other treatment, for instance distillation of a
liquid. The plate heat exchanger comprises a large number of compression moulded heat
exchanger plates 12, which are provided in parallel to each other and successively in such
a way that they form a plate package 14. The plate package 14 is provided between a

frame plate 16 and a pressure plate 18.

Between the heat exchanger plates 12, first plate interspaces 20 and second plate
interspaces 22 are formed. The first plate interspaces 20 and the second plate interspaces
22 are provided in an alternating order in the plate package 14 in such a way that
substantially each first plate interspace 20 is surrounded by two second plate interspaces
22, and substantially each second plate interspace 22 is surrounded by two first plate
interspaces 20. Different sections in the plate package 14 are delimited from each other
by means of gaskets (not shown) in each plate interspace whereby the first plate
interspace 20 includes a first type gasket (not shown) and the second plate interspace 22
includes a second type gasket (not shown). The plate package 14, i.e. the heat exchanger
plates 12 and the gaskets (not shown) provided therebetween, is kept together by means

of schematically indicated tightening bolts 24 in a manner known per se.
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The plate package 14 is connected to a cooling water inlet conduit 26, a cooling water
outlet conduit 28 and a fresh water outlet conduit 30. The cooling water is typically sea
water and thus the cooling water outlet conduit 28 is connected to a sea water inlet conduit
32 in order to recover the heat absorbed by the cooling water. The plate package 12 is
further connected to a heating fluid inlet conduit 34 and a heating fluid outlet conduit 36.
The heating fluid is used for vaporizing the feed, i.e. the sea water which is entering the
plate package 14 through the sea water inlet conduit 32. The heating fluid may be heated
water, such as jacket water from a ship’s engine. The condensed fresh water is leaving

the plate package 14 through the fresh water outlet conduit 30.

Fig. 2 discloses a view of the front side of a heat exchanger plate, designated 12a and a

first type gasket 38 of a plate heat exchanger according the present invention.

Each heat exchanger plate 12a has a first longitudinal edge 40, an opposite second
longitudinal edge 42 substantially parallel with the first longitudinal edge 40, an upper edge
44 and a lower edge 46 located opposite the upper edge 44. The heat exchanger plate
12a further defines a centre axis 48 extending in the longitudinal direction substantially
centrally between the longitudinal edges 40, 42. The centre axis 48 extending substantially

vertically when the plate package is located in a normal position of use.

The heat exchanger plate comprises an evaporation section 50a adjacent the lower edge
46 for evaporating the feed, i.e. the sea water, a condensation section 52a adjacent the
upper edge 44 for condensing the evaporated feed and a separation section 54a located
in between the evaporation section 50a and the condensing section 52a for separating
evaporated feed and non-evaporated feed. The evaporation section 50a is connected to
the separation section 54a via a first passage 56 and the separation section 54a is
connected to the condensation section 52a via a second passage 58 for allowing vaporized
feed to flow from the evaporation section 50a via the separation section 54a to the
condensation section 52a. The second passage 58 only extends adjacent the first edge
40, and a gasket element 38c is provided presenting fluid access between the separation
section 54a and the condensation section 52a outside the second passage 58, i.e.

adjacent the second edge 42.

The evaporation section 50a and the condensation section 52a are corrugated defining
valleys and ridges having oblique angles forming a cross corrugated pattern together with

the opposing plate in order to increase the heat transfer through the heat exchanger plate
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12a. The first plate interspace is formed by arranging two plates 12a face-to-face having
the first type gasket 38 located in-between the heat exchanger plates 12a. The two plates
12a forming the plate interspace are identical, however, one of the heat exchanger plates
12ais rotated 180 degrees about the centre axis 46. In this way the corrugation of the heat
exchanger plates 12a may be arranged such that opposing ridges form a cross shaped

pattern and contact each other at contact points.

The separation section 54a receives evaporated feed from the evaporation section 50a via
the first passage 56 and separates the evaporated feed from non-evaporated feed. This is
made by parallel transversally oriented ridges and valleys which fall into each other forming
a meandering flow path. The evaporated feed continues up to the condensation section

52a via the second passage 58.

The heat exchanger plate 12a defines one elongated lower vapor port 60 located in the
first passage 56 allowing some vaporized feed from the evaporation section 50a to pass
to the opposite plate interspace which includes a parallel separation section. Further, three
upper vapor ports 62 64 66 are located in the second passage 58 adjacent the first
longitudinal edge 40 for allowing vaporized feed to pass through the heat exchanger plate

12a to the condensation section 52a.

Located adjacent the second edge 42 are a cooling water outlet port 68, a cooling water
inlet port 70 and a fresh water outlet port 72. The cooling water inlet port 70 is
communicating with the cooling water inlet conduit, the cooling water outlet port 72 is
communicating with the cooling water outlet conduit and the fresh water outlet port 58,
which collects the condensed feed from the condensation section 52a, is communicating
with the fresh water outlet conduit. The ports 62 64 66 and 68 70 72 are arranged

symmetrically about the centre axis 48.

Centrally located adjacent the evaporation section 50a a heating fluid inlet port 74 and a
heating fluid outlet port 76 is provided. The heating fluid inlet port 74 is communicating with
the heating fluid inlet conduit and the heating fluid outlet port 76 is communicating with the
cooling water outlet conduit. Additionally, a feed inlet port 78 connected to the sea water
inlet conduit for supplying sea water to the evaporation section 50a is centrally located
adjacent the lower edge 46 and two outlet ports 80 80’ for collecting the non-evaporated
feed flowing down from the separation section 54a are located on opposite sides of but

separated from feed inlet port 78 adjacent the lower edge 46.
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The first type gasket 38 surrounds the heat exchanger plate 12a and defines the
evaporation section 50a, the separation section 54a and the condensation section 52a.
The cooling water inlet port 68, the cooling water outlet port 70, the heating fluid inlet port
74 and the heating fluid outlet port 76 are sealed off from each other and from the
evaporation section 50a, the separation section 54a and the condensation section 52a by

the gasket 38 in the present plate interspace.

The upper vapor ports 62 64 66 correspond in size and shape to the cooling water inlet
port 68, the cooling water outlet port 70 and the fresh water (condensate) outlet port 72,
respectively, and they are arranged symmetrically about the centre axis 18. In this way,
the heat exchanger plate may be rotated about the centre axis 18 without changing the
configuration of the six ports 62 64 66 68 70 72. In this way centrally located ports may be
omitted from the condensation section 52a which may be made larger compared to having
centrally located ports. The fresh water (condensate) outlet port 72 is separated from the

separation section 54a by the gasket element 38c.

Between the separation section 54a and the second passage 58 a flow guiding element
82 is provided. The flow guiding element is formed by the gasket 38 at the first edge 40
and extends towards the centre axis 48. The flow guiding element 82 forms an obstacle
for the vapor flow from the separation section 54a into the second passage 58 and directs
the vapor flow from the first passage into the separation section towards the second edge
42. The flow area is reduced at the flow guiding element 82 compared to the second
passage 58. This forces the vapor flow to take a longer route towards the second edge 42
and prevents the flow from taking the direct route from the first passage 56 to the second
passage 58. The flow guiding element 82 thus reduces the risk of carryover of non-
evaporated feed into the second passage 58 by allowing an even distribution of the flow
over the separation section 54a. The flow guiding element 82 may alternatively be made
as a part of the plate itself, however, preferably the gasket is used as the flow guiding
element 82 also will help fixate the gasket to the edge. A corresponding flow guiding

element 82’ may be provided at the second edge 42.

Fig. 3 discloses view of the rear side of a heat exchanger plate 12b and a second type
gasket 38b of a plate heat exchanger according to the present invention. The heat
exchanger plate 12b is thus the same as the heat exchanger plate 12a except that it has

been rotated 180 degrees about the centre axis 46. The gasket 38b is arranged to define
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a heating section 52a opposite the evaporation section and a cooling section 52b opposite
the condensation section. The cooling water inlet port 68 and the cooling water outlet port
70 communicate with the cooling section 52b whereas the heating fluid inlet port 74 and
the heating fluid outlet port 76 communicate with the heating section 50b. The cooling
section 52b the heating section 50b are sealed off relative to the other ports, respectively.
The cooling section 52b is arranged to cool the opposite condensing section and the
heating section 50b is arranged to heat the opposite evaporation section. In both the
cooling section 52b the heating section 50b the flow is guided along a flow path making a
18 degree turn for covering the complete heat transfer surface. The rear side forms a

second plate interspace.

The rear side of a heat exchanger plate 12b also includes a separation section 54b
between the heating section 50b and the cooling section 52b. Vaporized feed is introduced
via the lower vapor aperture 60 from the first passage of the first plate interspace. The
separation section 54b functions identically to the one on the opposite side and separates
evaporated feed and non-evaporated feed. The evaporated feed flows up through the
upper vapor apertures 62 64 66 to the second passage whereas the non-evaporated feed

flows down to the outlets 80 80'.

The separation section 54b also includes a flow guiding element 82 for the same purposes
as on the opposite side. The flow guiding element 82 forms an obstacle for the vapor flow
from the separation section 54b into the second passage 58 and directs the vapor flow
from the first passage into the separation section towards the second edge 42. The flow
area is reduced at the flow guiding element 82 compared to the second passage 58. This
forces the vapor flow to take a longer route towards the second edge 42 and prevents the
flow from taking the direct route from the lower vapor aperture 60 to the upper vapor
apertures 62 64 66. The flow guiding element 82 thus reduces the risk of carryover of non-
evaporated feed into the upper vapor apertures by allowing an even distribution of the flow
over the separation section 54b. The flow guiding element 82 may alternatively be made
as a part of the plate itself, however, preferably the gasket is used as the flow guiding
element 82 also will help fixate the gasket to the edge. A corresponding flow guiding

element 82’ may be provided at the second edge 42.
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Reference numerals

10. plate heat exchanger

12. heat exchanger plates

12a/b. heat exchanger plate front side / heat exchanger plate rear side
14. plate package

16. frame plate

18. pressure plate

20. first plate interspaces

22. second plate interspaces

24. tightening bolts

26. cooling water inlet conduit

28. cooling water outlet conduit

30. fresh water outlet conduit

32. sea water inlet conduit

34. heating fluid inlet conduit

36. heating fluid outlet conduit

38a/b/c. first type gasket / second type gasket / gasket element
40. first longitudinal edge

42. second longitudinal edge

44. upper edge

46. lower edge

48. center axis

50a/b. evaporation section / heating section
52a/b. condensation section / cooling section
54a/b. separation section

56. first passage

58. second passage

60. lower vapor aperture

62/64/66. Upper vapor apertures

68. cooling fluid inlet

70. cooling fluid outlet

72. fresh water (condensate) outlet

74. heating fluid inlet

76. heating fluid outlet

78. feed inlet

80. non-evaporated feed outlet

82. flow guiding element

A () denotes a similar features in a different embodiment.
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Claims

1. A plate heat exchanger for treatment of a liquid feed, the heat exchanger
comprising a plate package having a plurality of successively arranged heat exchanger
plates, each heat exchanger plate defining a first longitudinal edge, an opposite second
longitudinal edge extending parallel to the first longitudinal edge and a centre axis
extending substantially centrally between and in parallel with the first longitudinal edge and
the second longitudinal edge, the centre axis dividing the plate into a first part extending
between the first longitudinal edge and the centre axis, and a second part extending
between the second longitudinal edge and the centre axis, the plate package defining first
plate interspaces and second plate interspaces arranged in alternating order, each plate
interspace being enclosed by a gasket extending along the first and second longitudinal
edges of each plate, each heat exchanger plate further defining:

an evaporation section for vaporizing the feed, a condensation section for
condensing the feed, and a separation section for separating vaporized feed and non-
vaporized feed, the separation section being located between the evaporation section
and the condensation section in the longitudinal direction,

a first passage located between the evaporation section and the separation
section in the first and second part of the plate for allowing the vaporized feed to flow from
the evaporation section to the separation section,

a second passage located between the separation section and the
condensation section in the first part of the plate for allowing the vaporized feed to flow
from the separation section to the condensation section,

a gasket element preventing access between the separation section and the
condensing section in the second part of the plate, and

a flow guiding element located between the separation section and the
second passage and extending from the first edge towards the centre axis for reducing the

flow area between the separation section and the second passage.

2. The plate heat exchanger according to claim 1, wherein the flow area between
the separation section and the second passage is reduced by 10%-30% compared to the

flow area of the second passage.

3. The plate heat exchanger according to any of the preceding claims, wherein the

flow guiding element forms part of the gasket along the first edge.
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4. The plate heat exchanger according to claim 3, wherein the flow guiding element

has a triangular shape.

5. The plate heat exchanger according to claim 4, wherein the flow guiding element

has a rounded shape towards the separation section.

6. The plate heat exchanger according to any of the preceding claims, wherein every
second plate interspace defines a cooling section for cooling the condensation section

and/or heating section for heating the evaporation section

7. The plate heat exchanger according to any of the preceding claims, wherein a
further flow guiding element is present at the second edge extending towards the centre

axis.

8. The plate heat exchanger according to any of the preceding claims, wherein the
separation section and the flow guiding element is provided in both the first and second

plate interspaces.

9. The plate heat exchanger according to claim 8, wherein the heat exchanging plate
is provided with apertures at the first and second passages for communication between

the plate interspaces.

10. The plate heat exchanger according to claim 9, wherein the heat exchanging plate
is provided with ports for cooling medium and condensate and being arranged

symmetrically about the centre axis with respect to the ports at the second passage.

11. The plate heat exchanger according to any of the preceding claims, wherein each
heat exchanger plate is corrugated in the separation section forming ridges and valleys,
whereby a ridge corresponds to a valley on the opposite side of the plate and whereby in

each plate interspace ridges fall into valleys and vice versa.

12. The plate heat exchanger according to any of the preceding claims, wherein the
condensing section and evaporation section each define a heat exchange area which has
a cross-corrugates pattern where opposing ridges of opposing plates contact at contact

points.
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13. The plate heat exchanger according to any of the preceding claims, wherein the
evaporation section and the condensation section are corrugated defining valleys and
ridges having oblique angles forming a cross corrugated pattern together with the opposing

plate.

14. The use of a heat exchanger according to any of the preceding claims, wherein

the liquid feed is sea water.

15. A heat exchanging plate for a plate heat exchanger for treatment of a liquid feed,
the heat exchanger comprising a plate package having a plurality of successively arranged
heat exchanger plates with gaskets in-between, the heat exchanger plate defining:

a first longitudinal edge, an opposite second longitudinal edge extending
parallel to the first longitudinal edge and a centre axis extending substantially centrally
between the first longitudinal edge and the second longitudinal edge, the centre axis
dividing the plate into a first part extending between and in parallel with the first longitudinal
edge and the centre axis, and a second part extending between the second longitudinal
edge and the centre axis,

an evaporation section for vaporizing the feed, a condensation section for
condensing the feed, and a separation section for separating vaporized feed and non-
vaporized feed, the separation section being located between the evaporation section
and the condensation section in the longitudinal direction,

a first passage located between the evaporation section and the separation
section in the first and second part of the plate for allowing the vaporized feed to flow from
the evaporation section to the separation section,

a second passage located between the separation section and the
condensation section in the first part of the plate for allowing the vaporized feed to flow
from the separation section to the condensation section,

an element for preventing access between the separation section and the
condensing section in the second part of the plate, and

a flow guiding element located between the separation section and the
second passage and extending from the first edge towards the centre axis for reducing the

flow area between the separation section and the second passage.

16. A gasket for a plate heat exchanger for treatment of a liquid feed, the heat
exchanger comprising a plate package having a plurality of successively arranged heat

exchanger plates with gaskets in-between, the gasket defining:
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a first longitudinal edge, an opposite second longitudinal edge extending
parallel to the first longitudinal edge and a centre axis extending substantially centrally
between and in parallel with the first longitudinal edge and the second longitudinal edge,
the centre axis dividing the gasket into a first part extending between the first longitudinal
edge and the centre axis, and a second part extending between the second longitudinal
edge and the centre axis,

an evaporation section for vaporizing the feed, a condensation section for
condensing the feed, and a separation section for separating vaporized feed and non-
vaporized feed, the separation section being located between the evaporation section
and the condensation section in the longitudinal direction,

a first passage located between the evaporation section and the separation
section in the first and second part of the gasket for allowing the vaporized feed to flow
from the evaporation section to the separation section,

a second passage located between the separation section and the
condensation section in the first part of the gasket for allowing the vaporized feed to flow
from the separation section to the condensation section

a gasket element preventing access between the separation section and the
condensing section in the second part of the gasket, and

a flow guiding element located between the separation section and the
second passage and extending from the first edge towards the centre axis for reducing the

flow area between the separation section and the second passage.

17. A method of producing a plate heat exchanger for treatment of a liquid feed such
as sea water by providing a plurality of heat exchanging plates, each heat exchanger plate
defining:

a first longitudinal edge, an opposite second longitudinal edge extending
parallel to the first longitudinal edge and a centre axis extending substantially centrally
between and in parallel with the first longitudinal edge and the second longitudinal edge,
the centre axis dividing the plate into a first part extending between the first longitudinal
edge and the centre axis, and a second part extending between the second longitudinal
edge and the centre axis,

a evaporation section for vaporizing the feed, a condensation section for
condensing the feed, and a separation section for separating vaporized feed and non-
vaporized feed, the separation section being located between the evaporation section

and the condensation section in the longitudinal direction,
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a first passage located between the evaporation section and the separation
section in the first and second part of the plate for allowing the vaporized feed to flow from
the evaporation section to the separation section,

a second passage located between the separation section and the
condensation section in the first part of the plate for allowing the vaporized feed to flow
from the separation section to the condensation section, and

a flow guiding element located between the separation section and the
second passage and extending from the first edge towards the centre axis for reducing the
flow area between the separation section and the second passage,
the method comprising the steps of:

arranging the heat exchanging plates successively in a plate package having
a gasket in-between each of the plates such that the plate package defining first plate
interspaces and second plate interspaces arranged in alternating order, whereby a gasket
element preventing access between the separation section and the condensing section in
the second part of the plate and each plate interspace being enclosed by the gasket

extending along the first and second edges of each plate.
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