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A PLATE HEAT EXCHANGER AND A HEAT EXCHANGING PLATE FOR
TREATING A FEED SUCH AS SEA WATER

The present invention relates to a plate heat exchanger and a heat exchanging

plate for treating a feed such as sea water.

Introduction

Equipment for desalination of sea water, where one or several plate packages of
heat exchanging plates form the main components in the process, have been
manufactured since many years. One example of such a plate heat exchanger for
desalination may be found in the international application WO 2006/104443 A1
assigned to Alfa Laval Corporate AB. The heat exchanger has an evaporation
section, a separation section and a condensation section located in the plate
interspaces of the heat exchanging plates. The advantage of the above-
mentioned heat exchanger is that it does not need any container since the whole
treatment of the sea water is performed in the plate interspaces of the plate
package, i.e. evaporation, separation and condensation occur in the same plate

package. This allows for a compact design.

This kind of heat exchanger operate by evaporating a feed, typically sea water, in
the evaporation section, separating the feed into vaporized feed and brine
droplets in the separation section and condensing the vaporized feed into a
condensed feed in the condensation section. The evaporation, separation and
condensation take place simultaneously in a continuous process, and the
condensed feed is continuously removed from the condensation section via an

outlet located in a lower region of the condensation section.

The technology described in WO 2006/104443 A1 is only using a single stage.
However, the efficiency of the heat exchanger could be improved by using
multiple stages. An example of a multiple stage heat exchanger for desalination
is found in the not yet published European patent application number EP

18176540.5. Multiple stage heat exchanger utilise energy obtained from the
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condensation section of a first stage for evaporating feed of an evaporation
section of a subsequent stage in the same plate package. The techniques

described below may be used in both single and multistage desalination plants.

The heat exchanging plate package comprises a plurality of heat exchanging
plates, at least three, of substantially equal size which are placed successively
face to face, typically along a horizontal direction. The plates form corrugations,
i.e. ridges and valleys. The ridges and valleys are oppositely oriented on opposite
plates and may together define a cross shaped pattern to increase the heat
transfer through the plate by increase in the surface area of the plates and by
causing the flow in the plate interspaces to be a turbulent flow. The corrugation
implies that a ridge on the front side of the plate will define a valley on the rear
side. Each heat exchanging plate defines substantially the full height and width of
the heat exchanger package, and the horizontal direction constitutes the depth of
the heat exchanger package. The edges of the heat exchanging plates are

mutually sealed to establish parallel plate interspaces between the plates.

The heat exchanging plates define surfaces of different type and when
assembled facing each other two kinds of plate interspaces, i.e. first and second
plate interspaces, are provided in alternating order, i.e. a first plate interspace is
located adjacent two second plate interspaces, except of course the first and the
last plate interspace along the horizontal direction. The heat exchanging plates
are typically made of thermally conductive corrosion resistant materials such as
stainless steel, aluminium or titanium. This allows thermal contact through the

plate by whereby fluid mixing is prevented.

The feed, which typically constitutes sea water, is introduced into an evaporation
section where at least a part of the feed is vaporized. The vaporized part of the
feed is led to a separation section which separates vaporized feed from a
remaining part constituting non-vaporized feed. The separation section typically
comprises rods, bars or corrugation etc. on which the non-vaporized feed gets
trapped and is led out of the separation section. The vaporized feed is then led to
the condensation section in which the vaporized feed to condensate using a

cooling fluid on the opposite side of the heat exchanging plates. The condensed
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feed, typically fresh water, is led out of the heat exchanger package. The cooling
fluid is typically a liquid such as naturally cool water, preferably sea water.

Alternatively, other cooling medias may be used.

The evaporation section is defined by an area in the plate interspace in which the
opposing first and second heat exchanging plates are sealed together along the
bottom and the sides of the evaporation section. The evaporation section typically
forms a substantially rectangular or square area. The sealing between the heat
exchanging plates is typically made by a gasket, such as a rubber gasket, which
is located between the plates in gasket grooves in the plate made for the purpose
of holding the seal and to allow the seal to form a watertight barrier between the
inside and the outside of the evaporation section. The upwardly oriented part of
the evaporation section is open, allowing vaporized feed to enter the separation
section and subsequently the condensation section. The directions referred
herein are related to the orientation of the plate heat exchanger during normal

use.

The feed enters the evaporation section of the first plate interspace via the feed
inlet. The feed is a liquid, typically sea water. The feed inlet is located at the lower
part of the evaporation section at one of the bottom corners of the evaporation
section, where the bottom and the side meet. The inlet may preferably be formed

as an opening in the side gasket adjacent the bottom of the evaporation section.

It has been realized that the saline sea water entering the evaporation section at
the inlet at the corner of the evaporation section in some cases does not
distribute well over the surface of the part of the heat exchanging plates
comprising the evaporation section but tend to remain adjacent the inlet. This
may lead to dry areas in the evaporation section which makes the heat

exchanger less effective.

Itis thus an object of the present invention to find technologies for distributing the
sea water over the complete area of the evaporation section of the heat

exchanging plates.
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Summary of the invention

According to a first aspect, the present invention relates to plate heat exchanger
for treatment of a feed, the plate heat exchanger including a plate package
comprising a plurality of heat exchanging plate arranged in a successive order
forming first plate interspaces and second plate interspaces in an alternating
order in the plate package, each first plate interspace defines an evaporation
section for evaporating the feed, the evaporation section extends in a longitudinal
direction between an upper border fluidly connecting the evaporation section to a
first separation section and a lower border at which opposing heat exchanging
plates are sealed together, the evaporation section further extends in a
transversal direction between a first side border and a second side border at
which side borders opposing heat exchanging plates are sealed together, the
evaporation section defines:

a feed inlet located adjacent the lower border for introducing the feed in
liquid form into the evaporation section,

a heat exchanging zone adjacent the upper border, the heat exchanging
zone being formed by ridges and valleys in the opposing heat exchanging plates
which are arranged such that opposing ridges of the opposing heat exchanging
plates abut each other,

a passage located between the lower border and the heat exchanging
zone and extending from the feed inlet in the transversal direction for receiving
the feed from the feed inlet and allowing a uniform distribution of the feed over
the heat exchanging zone, and

a transition zone separating the heat exchanging zone and the passage,
the maximum distance between opposing heat exchanging plates in the transition
zone being smaller than the maximum distance between opposing heat

exchanging plates in the passage and in the heat exchanging zone.

The first interspace is generally known as the process interspace. The top parts
of the ridges of opposing plates in the first plate interspaces will contact at
several contact points in the corrugated region constituting the heat exchanging
zone of the evaporation section. The points of contact are where the ridges of two

opposing heat exchange plates meet. Conversely, where two valleys are
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opposing each other a spacing is defined between the opposing heat exchanger
plates in the first plate interspaces. In the second interspaces, the ridges defined

in the first plate interspaces will form valleys.

The feed inlet is located near the lower border in order to allow the liquid feed to
flow into the evaporation region and flow in an upwards direction while being
evaporated in the heat exchanging zone. The lower border and the side borders
are sealed in order to contain the liquid feed, whereas the upwards facing border
is open to allow the evaporated feed to enter the separation section. The
directions upward, downwards etc are related to the orientation of the plate

package during operation.

The passage forms an unobstructed flow channel from the feed inlet at the lower
border of the evaporation section and extends in the transversal direction. The
passage is substantially straight and extend in a substantially horizontal direction,
e.g. at a slight angle, along the lower border in order to allow the liquid feed from
the inlet to pass relatively freely and distribute along the lower border. In the
passage the flow resistance is reduced compared to the heat exchanging zone
as the liquid feed may flow straight whereas the liquid in the heat exchanging
zone must flow in a curved way due to the pattern defined by the opposing heat

exchanging plates. The passage will thus substantially fill with liquid.

The liquid may then flow from the passage into the transition zone along the
lower border and from the transition zone to the heat exchanging zone, thus
ensuring that the heat exchanging zone will be sufficiently supplied with liquid
feed between the first and second side border allowing a more or less uniform
distribution of the feed over the heat exchanging zone and avoid that some parts

of the heat exchanging zone will remain dry and unused.

The transition zone will define a flow restriction or throttling between the passage
and the heat exchanging zone. In this way, it may be ensured that the passage
remains filled with liquid feed along its full length to ensure a uniform distribution
of the feed.



WO 2020/108983 PCT/EP2019/081025

10

15

20

25

30

According to a further embodiment of the first aspect the maximum distance
between opposing heat exchanging plates in the transition zone is between 10%
to 45% of the maximum distance between opposing heat exchanging plates in

the passage.

In this way a suitable flow restriction is achieved for allowing a uniform

distribution of the flow between the passage and the heat exchanging zone

According to a further embodiment of the first aspect the ridges and valleys of
opposing heat exchanging plates form a cross shaped pattern in the heat

exchanging zone.

A cross shaped pattern may be beneficial for increasing the turbulence.

According to a further embodiment of the first aspect the maximum distance
between opposing heat exchanging plates being substantially equal in the

passage and in the opposing valleys of the heat exchanging zone.

By maximizing the depth/height of the passage, the flow of feed in the passage is
maximized and which will contribute to a uniform distribution of the feed in the

heat transfer region.

According to a further embodiment of the first aspect the passage extending

substantially between the first side border and the second side border.

In order to ensure the uniform distribution of the flow along the complete width of
the heat exchanging zone, the passage preferably extends over the complete
width of the heat exchanging zone, i.e. by extending the passage the entire

length between the first side border and the second side border

According to a further embodiment of the first aspect at least one of the first and
second plate interspaces comprises a first condensation section arranged to

permit condensation of at least a part of the evaporated feed.
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In order to achieve both evaporation and condensation in the same plate
package, a condensation section may be used. The condensation section is
communicating with the separation section. In this way a three-in-one plate
package may be achieved in which evaporation, separation and condensation is

achieved in the same plate package.

According to a further embodiment of the first aspect the maximum width of the
passage is at least equal to the maximum distance between opposing heat

exchanging plates at the passage.

The flow area of the passage will thus have a suitable shape for maximizing the

flow.

According to a further embodiment of the first aspect the evaporation section in
the first plate interspace is facing a second condensation section in the second

plate interspace.

In this way a multi stage heat exchanger may be realized. The second
condensation section forms part of another process stage. The multi stage heat
exchanger uses the heat of condensation of another process stage to evaporate
the feed in the present process stage. The evaporation section and the second
condensation section are thereby separated by the heat exchange plate. The

evaporation section of the other stage may be heated by a heating fluid.

According to a further embodiment of the first aspect the second condensation
section in the second plate interspace defines a condensate outlet located below
the feed inlet of the evaporation section in the first plate interspace, the passage
defines a cross flow zone located between the evaporation section in the first
plate interspace and the condensate outlet in the second plate interspace, the
maximum distance between opposing heat exchanging plates in the passage

being smaller in the cross flow zone compared to outside the cross flow zone.

As the condensate outlet should be located at the lowermost point in the

condensation section, it is typically situated below the feed inlet of the
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evaporation section in the first plate interspace opposite the second
condensation section in the second plate interspace. The passage extending
transversally from the feed inlet in the first plate interspace will interfere with the
flow of fresh water from the condensation section to the outlet. The heat
exchanging plates in the second plate interspace at the passage must
consequently not abut since this would form a completely blockage of fresh water
to the outlet. The passage must thus form a cross flow zone between the heat
exchanging zone and the outlet where the plates are spaced apart in both plate
interspaces in order to allow both liquid feed to pass in the first plate interspace
and the fresh water flow in the second plate interspace. The width of the cross
flow zone may be larger than the width of the passage to allow for the flow area

to the substantially unaltered.

According to a further embodiment of the first aspect the maximum distance
between opposing heat exchanging plates in the cross flow zone is about 40% to
60%, such as 50%, of the maximum distance between opposing exchanging

plates in the passage outside the cross flow zone

In this way the cross flow of feed and fresh water will be allowed.

According to a further embodiment of the first aspect the width of the cross flow

zone is about 74 to %, such as %, of the length of the cross flow zone.

In this way the flow of fresh water will not be substantially obstructed. The width
of the cross flow zone and passage is hereby understood to extend in the
longitudinal direction of the plate whereas the length is understood to extend in

the transversal direction of the plate.

According to a further embodiment of the first aspect the width of the passage
outside the cross flow zone is about 20% to 80% such as 50%, of the width of the

cross flow zone.

The width of the cross flow zone may be larger than the width of the passage to

allow for the flow area to the substantially unaltered.
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According to a further embodiment of the first aspect the lower border and the

side borders of the evaporation section are sealed by a gasket.

By using a gasket, a secure sealing is achieved while it is still possible to

separate the plates for maintenance purposes.

According to a further embodiment of the first aspect the inlet is centrally located

in the plate package.

In this way the evaporation section may extend on both sides of the inlet.

According to a second aspect, the present invention relates to plate for a plate
heat exchanger for treatment of a feed, the plate defines an evaporation section
for evaporating the feed, the evaporation section extends in a longitudinal
direction between an upper border fluidly connecting the evaporation section to a
first separation section and a lower border at which opposing heat exchanging
plates are sealed together, the evaporation section further extends in a
transversal direction between a first side border and a second side border at
which side borders opposing heat exchanging plates are sealed together, the
evaporation section defines:

a feed inlet located adjacent the lower border for introducing the feed in
liquid form into the evaporation section,

a heat exchanging zone adjacent the upper border, the heat exchanging
zone being formed by ridges and valleys in the heat exchanging plate which are
arranged such that opposing ridges of opposing heat exchanging plates will abut
each other and form a cross shaped pattern,

a passage located between the lower border and the heat exchanging
zone and extending from the feed inlet in the transversal direction for receiving
the feed from the feed inlet and allowing a uniform distribution of the feed over
the heat exchanging zone, and

a transition zone separating the heat exchanging zone and the passage,
the maximum press depth of the plate in the transition zone being smaller than

the maximum press depth of the plate in the passage and in the heat exchanging
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Zone.

The plate according to the second aspect is preferably used together with the

plate heat exchanger according to the first aspect.

Brief description of the drawings

Fig. 1 shows a plate of a multi stage plate heat exchanger for desalination.

Fig. 2 shows a closeup of the evaporation section of the plate.

Fig. 3 shows a perspective view of the passage on the plate.

Fig. 4 shows a perspective view of the passage in-between two plates.

Fig. 5 shows a perspective view of the passage and two gaskets.

Fig. 6 shows a perspective view of the cross flow zone of the plate.

Fig. 7 shows a cross-section view of the passage in-between two plates at the
passage.

Fig. 8 shows a perspective view of a plate package comprising four plates.

Fig. 9 shows a perspective view of a plate package comprising four plates.

Fig. 10 shows a cross-section view of a plate package comprising four plates.

Detailed description of the drawings

Fig. 1 shows a rear view of a plate 10 for a multi stage plate heat exchanger for
desalination of sea water. The plate 10 is intended to face another similar heat
exchanging plate and form part of a plate package. The present view is of the
rear side of the plate which is intended to form part of the second plate
interspace. The plate 10 defines a heating medium section 12 located at the
bottom of the plate 10. The heating medium section 12 having a heating medium
inlet 14 for introducing heating medium into the heating medium section 12 and a
heating medium outlet 16 for allowing the heating medium out of the heating
medium section 12 when it has released heat to the evaporation section of the
first stage located opposite the heating medium section 12 in the first plate
interspace (not shown here). The heating medium may be jacket water from an

engine.
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The evaporated sea water from the evaporation section of the first stage (not
visible since it is located opposite the heating medium section 12) enters a
separation section 18 in which non-evaporated parts of the feed (such as
droplets) are separated and lead out of the plate package. The evaporated part
of the feed may flow through the plate to the first plate interspace using apertures
20a and 20b and subsequently enters a condensation section 22 of the first
stage. The condensation section 22 is located opposite an evaporation section of
the second stage. The evaporated feed entering the condensation section 22 will
condensate as the heat energy is absorbed by the feed in the opposite
evaporation section (not shown). The condensed feed is flowing out via the fresh

water outlet 24.

The evaporated feed from the evaporation section of a second stage (not visible
here since it is located opposite the condensation section 22 in the opposite plate
interspace) may flow between the first plate interspace and the second plate
interspace via apertures 20a’ and 20b’. The evaporated feed is received by a
condensation section of the second stage located in the opposite plate
interspace. Condensed fresh water from the condensation section of the second

stage is collected via the fresh water outlet 24’

The plate 10 further defines a cooling medium section 26 having a cooling
medium inlet 28 for introducing cooling medium into the cooling medium section
26 and a cooling medium outlet 30 for allowing the cooling medium out of the
cooling medium section 26 when it has absorbed heat from the condensation
section of the second stage in the first plate interspace located opposite the

cooling medium section 12. The cooling medium may be sea water.

Opposing heat exchanger plates are sealed together via a gasket 32 which also
defines the sections and separates the stages. Excessive non-evaporated water
from the separation section is led out via the brine outlet 34. The apertures 36 36’
36” constitutes feed inlet for the evaporation sections located on the opposite
side of the condensation section 22 and heating section 12 which will be

elaborated further below. The heating medium inlet 14, the heating medium outlet
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16, the fresh water outlets 24 24’, the cooling medium inlet 28, the cooling
medium outlet 30 and the feed inlet 36 are formed on a central axis of the heat
exchanging plate 10. The central axis in the present embodiment essentially

divides the heat exchange plate 10 into functionally identical left and right parts.

Fig. 2 shows a front view of a part of the heat exchanging plate 10 showing the
evaporation section 38 of the second stage located on the plate 10 in the second
plate interspace opposite the condensation section of the first stage. The
evaporation section 38 is divided into a left part and a right part which are
functionally identical. The following description will for simplicity reasons focus on
the left part. The evaporation section 38 defines a heat exchange zone in which
the plate 10 comprises ridges 40 and valleys 42. The two opposing heat
exchanger plates in the first plate interspace are flipped over in relation to each
other such that opposing ridges and valleys form a cross shaped pattern in
relation to each other. Opposing ridges will abut each other and opposing valleys
will define a flow space themselves. This pattern generates a turbulent flow and
increases the heat transfer through the plate 10. This part of the evaporation
section thus acts as a heat exchanging zone with the opposite condensation

section.

The evaporation section 38 defines a first side border 44, an opposite second
side border 46 located adjacent the central axis of the plate 10, and a lower
border 48. The opposing heat exchanger plates being sealed together at the first
side border 44, second side border 46 and lower border 48 by means of a gasket
32. The evaporation section 38 further defines the feed inlet 38 arranged at the
second side border 46 adjacent the lower border 48 of the evaporation section for
introducing liquid feed into the evaporation section 38. The liquid feed, typically
sea water, enters the first plate interspace via a small aperture in the plate (not
shown) and enters the evaporation section 38 via apertures in the gasket 32. The
top border 50 of the evaporation section 38 is open allowing evaporated feed to
enter the separation section. When in operation, the separation section must be
located above the corresponding evaporation section and the condensation

section must be located above the corresponding separation section.

_12_



WO 2020/108983 PCT/EP2019/081025

10

15

20

25

30

The liquid feed entering the evaporation section 38 at the feed inlet 38 is led via a
passage 52 towards the first side border 44 of the evaporation section 38
between the lower border and the heat exchanging zone. The passage 52
extends between the sides 44 46. The passage 52 defines a press depth
substantially equal to that of a valley in the heat exchanging zone. The passage
52 thus defines a large flow area due to the press depth and reduced turbulence

since it is substantially straight.

As the passage 52 is substantially straight and extends along the lower border,
the incoming liquid feed will encounter a low flow resistance by flowing through
the passage 52, compared to flowing through the heat exchanging zone. An
increased amount of liquid feed will thus flow towards the first side border 44

when the passage 52 is provided.

In order to ensure that a large portion of the inflowing liquid feed flows in the
passage towards the first side border 44 instead of entering the heat exchanging
zone near the second side border 46, a transition zone 54 is located between the
passage 52 and the heat exchanging zone. In the transition zone, the distance
between opposing plates are reduced compared to the passage. The transition
zone defines a reduced flow area between the passage 52 and the heat
exchanging zone which allows a greater part of the flow to proceed towards the
first side border 44.

The passage 52 defines a cross flow zone 56 between the heat exchanging zone
and the outlet 24 of the condensation section in the second plate interspace in
order to allow the flow of fresh water on the opposite condensation section in the
second plate interspace to enter the fresh water outlet 24 and not be obstructed
by the passage. In case the passage 52 with maximum spacing between the
opposing plates in the second plate interspace would extend the complete
distance between the flow inlet 38 and the first side border 44, it would mean that
in the second plate interspace, there would be a blockage between the
condensation section and the fresh water outlet 24. Instead, the cross flow zone
56 provides a distance between opposing plates both in the first plate interspace

and in the second plate interspace thus allowing a transversal flow of liquid feed
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from the feed inlet 36 through the passage 52 in the first plate interspace and at
the same time allowing a cross flow of fresh water in the longitudinal direction
from the heat exchanging zone in the condensation section in the second plate

interspace to the fresh water outlet 24 in the second plate interspace.

Fig. 3 shows a perspective view of the passage 52 on the plate 10. The gasket
32 is held in place by corrugations 58. The passage 52 extend adjacent the
corrugations 58. The transition zone 54 is located between the passage 52 and
the heat exchanging zone of the evaporation section formed by the ridges 40 and

valleys 42.

Fig. 4 shows a perspective view of the passage 52 in-between two plates 10 10"
The two plates 10 10’ define a first plate interspace 60 in-between themselves
and an evaporation section in the first plate interspace 60. At the opposing ridges
40 40, the plates 10 10’ will abut at a contact point, whereas at opposing valleys
42 42° a maximum distance between the plates 10 10’ is achieved.
Correspondingly, at the passage 52 52, the maximum distance between the

plates 10 10’ is achieved as well.

Fig. 5 shows a perspective view of the passage 52 in-between two plates 10 10'.
This figure is identical to Fig. 4 except that it also shows an additional gasket 32

intended to seal between the second plate 10’ and a third plate is shown.

Fig. 6 shows a perspective view of the cross flow zone 56 of the plate 10. Also
shown is the transition zone 54 which in the present embodiment defines a
smaller spacing between the opposing plates than the cross flow zone 56. The
part of the passage 52 outside the cross flow zone 56 is also visible. The cross

flow zone 56 defines a reduced press depth compared to the passage.

Fig. 7 shows a cross section view of the passage 52 in-between two plates 10 10°
at the location of the passage 52 outside the cross flow zone. Also shown is the

transition zone 54.

Fig. 8 shows a perspective view of a plate package comprising four plates 10 10’
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10” 10°”. As can be seen, the gaskets 32 and 32" extend the full way providing
the lower border of the evaporation section at the bottom whereas the gaskets
32" and 32" allows a cross flow of fresh water to the fresh water outlet. The cross
flow zone 56 allowing the opposing plates to be spaced apart both on the front
surface and the rear surface for allowing a flow of liquid in both the first plate

interspace and the second plate interspace.

Fig. 9 shows another perspective view of a plate package comprising four plates
1010°10” 10™".

Fig. 10 shows a cross section view of a plate package comprising four plates 10

10’ 10” 10’ at the location of the cross flow zone 56. Also shown is the transition

zone 54.
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Claims

1. A plate heat exchanger for treatment of a feed, the plate heat exchanger
including a plate package comprising a plurality of heat exchanging plates
arranged in a successive order forming first plate interspaces and second plate
interspaces in an alternating order in the plate package, each first plate
interspace defines an evaporation section for evaporating the feed, the
evaporation section extends in a longitudinal direction between an upper border
fluidly connecting the evaporation section to a first separation section and a lower
border at which opposing heat exchanging plates are sealed together, the
evaporation section further extends in a transversal direction between a first side
border and a second side border at which side borders opposing heat
exchanging plates are sealed together, the evaporation section defines:

a feed inlet located adjacent the lower border for introducing the feed in
liquid form into the evaporation section,

a heat exchanging zone adjacent the upper border, the heat exchanging
zone being formed by ridges and valleys in the opposing heat exchanging plates
which are arranged such that opposing ridges of the opposing heat exchanging
plates abut each other,

a passage located between the lower border and the heat exchanging
zone and extending from the feed inlet in the transversal direction for receiving
the feed from the feed inlet and allowing a uniform distribution of the feed over
the heat exchanging zone, and characterised by

a transition zone separating the heat exchanging zone and the passage,
the maximum distance between opposing heat exchanging plates in the transition
zone being smaller than the maximum distance between opposing heat

exchanging plates in the passage and in the heat exchanging zone.

2. The plate heat exchanger according to claim 1, wherein the maximum
distance between opposing heat exchanging plates in the transition zone is
between 10% and 45% of the maximum distance between opposing heat

exchanging plates in the passage.

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

_16_



10

15

20

25

30

wherein the ridges and valleys of opposing heat exchanging plates form a cross

shaped pattern in the heat exchanging zone.

4, The plate heat exchanger according to any of the preceding claims,
wherein the maximum distance between opposing heat exchanging plates being
substantially equal in the passage and in the opposing valleys of the heat

exchanging zone.

5. The plate heat exchanger according to any of the preceding claims,
wherein the passage extending substantially between the first side border and

the second side border.

6. The plate heat exchanger according to any of the preceding claims,
wherein at least one of the first and second plate interspaces comprises a first
condensation section arranged to permit condensation of at least a part of the

evaporated feed.

7. The plate heat exchanger according to any of the preceding claims,
wherein the maximum width of the passage is at least equal to the maximum

distance between opposing heat exchanging plates at the passage.

8. The plate heat exchanger according to any of the preceding claims,
wherein the evaporation section in the first plate interspace is facing a second

condensation section in the second plate interspace.

9. The plate heat exchanger according to claim 8, wherein the second
condensation section in the second plate interspace defines a condensate outlet
located below the feed inlet of the evaporation section in the first plate
interspace, the passage defines a cross flow zone located between the
evaporation section in the first plate interspace and the condensate outlet in the
second plate interspace, the maximum distance between opposing heat
exchanging plates in the passage being smaller in the cross flow zone compared
to outside the cross flow zone.
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10. The plate heat exchanger according to claim 9, wherein the maximum
distance between opposing heat exchanging plates in the cross flow zone is
about 40%-60%, such as 50%, of the maximum distance between opposing

exchanging plates in the passage outside the cross flow zone.

11. The plate heat exchanger according to any of the claims 9-10, wherein the
width of the passage outside the cross flow zone is about 20% to 80%, such as

50%, of the width of the cross flow zone.

12. The plate heat exchanger according to any of the claims 9-11, wherein the
width of the cross flow zone is about ¥ to %, such as %, of the length of the cross

flow zone.

13. The plate heat exchanger according to any of the preceding claims,
wherein the lower border and the side borders of the evaporation section are

sealed by a gasket.

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

wherein the feed inlet is centrally located in the plate package.

15. A plate for a plate heat exchanger for treatment of a feed, the plate
defines an evaporation section for evaporating the feed, the evaporation section
extends in a longitudinal direction between an upper border fluidly connecting the
evaporation section to a first separation section and a lower border at which
opposing heat exchanging plates are sealed together, the evaporation section
further extends in a transversal direction between a first side border and a
second side border at which side borders opposing heat exchanging plates are
sealed together, the evaporation section defines:

a feed inlet located adjacent the lower border for introducing the feed in
liquid form into the evaporation section,

a heat exchanging zone adjacent the upper border, the heat exchanging
zone being formed by ridges and valleys in the heat exchanging plate which are
arranged such that, when arranged opposite an identical plate which has been

flipped about the longitudinal direction, opposing ridges of the opposing heat
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exchanging plates will abut each other and form a cross shaped pattern,

a passage located between the lower border and the heat exchanging
zone and extending from the feed inlet in the transversal direction for receiving
the feed from the feed inlet and allowing a uniform distribution of the feed over
the heat exchanging zone, and characterised by

a transition zone separating the heat exchanging zone and the passage,
the maximum press depth of the plate in the transition zone being smaller than
the maximum press depth of the plate in the passage and in the heat exchanging

zZone.
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