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PLATE HEAT EXCHANGER WITH IMPROVED STRENGTH IN PORT AREA

Background of the Invention

The present invention relates to a plate heat exchanger comprising a plate package of
permanently joined heat transfer plates, between which passages for at least two heat
exchange fluids are formed. Each heat transfer plate is provided with port holes, which
together with corresponding port holes in the other heat transfer plates form port
channels through the plate package.

The heat transfer plates in a plate heat exchanger of this kind are usually permanently
joined with each other through welding, brazing or bonding. In a plate heat exchanger
where the heat transfer plates have been permanently joined with each other through
brazing the heat exchanger often is provided with two end plates, which are thicker
than the heat transfer plates and are permanently joined together with the two
respective outer heat transfer plates in the plate package. Usually, one of the end
plates is provided with holes opposite to the port channels through the plate package,
but also the other end plate can be provided with one or more holes opposite to the
port channels. Onto at least one of the end plates connection members, usually in the
form of pipe sockets, are fastened e. g. by brazing around the respective holes of these
plates. Each one of the end plates does not have to be made in one piece but can be
made of two or more parts.

The passages for heat exchange fluids between the heat transfer plates are normally
connected to the port channels in a way such that every second passage will be flowed
through by one of the heat exchange fluids and, accordingly, is included in a first set of
passages. The remaining passages form a second set of passages, which will be
flowed through by the other heat exchange fluid. When the plate heat exchanger is in
operation the first heat exchange fluid flows through a first pipe socket into a first port
channel, further through the first set of passages to a second port channel and out
through a second pipe socket. The second heat exchange fluid flows through a third
pipe socket into a third port channel, further through the second set of passages to a
fourth port channel and out through a fourth pipe socket.
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In many applications for permanently joined, e g brazed, plate heat exchangers, a high
strength is required in order to cope with high working pressures of one or more of the
media conveyed through the plate heat exchanger or when the working pressure for
any of the media varies over time. To ensure that the strength and rigidity of the plate
heat exchanger meets the requirements of higher strength the plate heat exchangers
are tested before delivery. In connection with the pressure testing it is desirable that
the plastic deformation is as low as possible.

As mentioned above, in order to meet the requirements of higher strength it is a well
established technology to use thicker end or strengthening plates, that is the two plates
located at the outermost position in the plate package. Such strengthening plates may
also be designated as adapter plates or frame and pressure plates. Sheets, washers or
thick plane plates may also be provided outside the frame and/or pressure plates. A
disadvantage of such additional plates, washers or the like is that the manufacturing
becomes more complicated since more components have to be fixed when the plate
heat exchanger is produced, for instance when it is brazed.

Another disadvantage of thicker strengthening plates with more material is that the
thermal “slowness” increases for this strengthening plates. Due to this higher thermal
slowness of the strengthening plates, a reduced thermal fatigue performance of the
plate heat exchanger is obtained, in particular in the heat exchanger plates which are
provided most adjacent inside the strengthening plates. Since the heat exchanger
plates are manufactured of a thinner material, they will more rapidly be adapted to the
temperature of the media, which results in an undesired temperature difference
between the heat exchanger plates and the strengthening plates, and thus to thermally
dependent stresses.

Furthermore, thicker strengthening plates result in the disadvantage that the
consumption of material becomes larger and thus the costs for the plate heat

exchanger increase.

US-A-4,987,955 discloses a plate heat exchanger comprising a plurality of plates
extending in parallel with a main extension plane. The plates comprise a plurality of
heat exchanger plates and at least one strengthening plate. The heat exchanger plates
are provided beside each other and form a plate package with first plate interspaces for
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a first medium and a second plate interspace for a second medium. Each of the heat
exchanger plates has four portholes which form ports extending through the plate
package. The heat exchanger plates comprise an outermost heat exchanger plate at
one side of the plate package and an outermost heat exchanger plate at an opposite
side of the plate package. Two of the plate interspaces in the plate package form a
respective outermost plate interspace at a respective side of the plate package, which
are delimited outwardly by a respective one of the outermost heat exchanger plates.
The strengthening plate is provided beside and outside one of the outermost heat
exchanger plates.

Summary of the invention

The object of the present invention is to decrease or at least alleviate the
disadvantages mentioned above and to provide a plate heat exchanger with a high
strength. It is further aimed at a plate heat exchanger that can be manufactured at a
low cost. In particular, the object of the invention is to achieve a permanently joined
plate heat exchanger with improved strength.

This object is achieved by the plate heat exchanger initially defined, which is
characterized in that a distance plate is arranged between an adapter plate and a
respective one of outermost heat exchanger plates, said distance plate comprising at
least two port holes which are concentric with each of the respective port holes of the
outermost heat exchanger plates and the adapter plate, and that the port holes of the
distance plate are larger than the port holes of the outermost heat exchanger plates
and the port hole of the adapter plate, respectively. Due to the distance plate the plate
heat exchanger will be able to withstand higher pressures than otherwise would be
possible.

In a preferred embodiment of the invention the plates are permanently joined to each
other.

In another embodiment of the invention the size and shape of the distance plate are
the same as the size and shape of the adapter plate.
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In another embodiment of the invention the distance plate is permanently joined to the
outermost heat exchanger plates and the adapter plate.

In still another embodiment the distance plate is arranged between a frame plate and
the adapter plate and a pressure plate and the adapter plate, respectively.

Brief description of the drawings

The present invention will now be described more closely by means of a description of
various embodiments and with reference to the accompanying drawings attached
hereto.

Fig 1 discloses a side view of a previously known plate heat exchanger.

Fig. 2 discloses a front view of the plate heat exchanger in Fig. 1.

Fig. 3 discloses a front view of a heat exchanger plate of the plate heat exchanger in
Fig. 1

Fig. 4 discloses an exploded view of one embodiment of the heat exchanger according

to the present invention

Fig 5 discloses a cross section of one embodiment of the heat exchanger according to

the present invention.

Detailed description of different embodiments of the invention

A previously known plate heat exchanger is shown in Figs 1-3. The plate heat
exchanger 1 comprises a plurality of plates 2, which each extend substantially in
parallel with a main extension plane p and forms a plate package. Furthermore, the
plate heat exchanger 1 comprises a frame plate 4 and a pressure plate 5, which are
provided on a respective side of the plate package. In addition, the plate heat
exchanger 1 comprises at least one adapter plate 3. In the shown embodiment, the
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plate heat exchanger comprises four adapter plates 3. The heat exchanger plates 2
form a plate package with first plate interspaces 6 for a first medium and second
interspaces 7 for a second medium. The plate interspaces 6 and 7 are provided in an
alternating order in such a way that every second plate interspace is a first plate
interspace 6 and the remaining plate interspaces are second plate interspaces 7.

Each heat exchanger plate 2 comprises four port holes 8 which form port channels
extending through the plate package and form inlets and outlets for the two media to
the first plate interspaces 6 and the second plate interspaces 7, respectively. The inlets
and outlets are connected to schematically disclosed inlet and outlet pipes 9 which
may be arranged on the adapter plates 3. When no inlet and/or outlet pipes 9 are
present the adapter plate 3 is close. Each heat exchanger plate 2 comprises an inner
heat exchanger zone 10 and an outer edge zone 11 extending around the heat
exchanger zone 10. The outer edge zone 11 comprises or forms a surrounding flange
extending outwardly from the extension plane p. Also the frame plate 4 and the
pressure plate 5 have such an outer edge zone 11 which comprises or forms a flange
extending outwardly from the extension plane p. In the preferred embodiment, each
adapter plate 3 has such a size that it is contained within the outer edge zone 11. The
adapter plates 3 may also be provided with a strengthening pattern provided in the
proximity of two of the ports 8.

Furthermore, each heat exchanger plate 2 has in a manner known per se a press
pattern 12, see Fig in the form of at least one corrugation of ridges and valleys on the
heat exchanger zone 10. The press pattern 12 which is disclosed in Fig 3 is merely
schematic and one example of such pattern. It is to be noted that the heat exchanger
plates 2 may have press patterns of a variety of designs.

The heat exchanger plates 2 comprise an outermost heat exchanger plate 2” at an
opposite side of the plate package. Furthermore, the heat exchanger plates 2, 2’, 2”
form two outermost plate interspaces at a respective side of the plate package. The
two outermost plate interspaces are delimited outwardly by the outermost heat
exchanger plate 2" and the outermost heat exchanger plate 27, respectively. The
adapter plates 3 are provided outside one of the outermost heat exchanger plates 2’

and 27, respectively.
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In a preferred embodiment of the invention the frame plate 4 is provided immediately
outside the outermost heat exchanger plate 2’ and the pressure plate 5 is provided
immediately outside the outermost heat exchanger plate 2”. The frame plate 4 and the
pressure plate 5 have in this embodiment no thermal function, i € none of the media is
conveyed between the outermost heat exchanger plate 2’ and the frame plate 4, or
between the outermost heat exchanger plate 2” and the pressure plate 5. The frame
plate 4 and the pressure plate 5 may thus be substantially plane, i e lack the press
pattern 12 which is provided on the heat exchanger plates 1.

According to the invention a distance plate 13 having substantially the same outer
dimensions as the adapter plate 3, is arranged in a sandwich construction between the
frame plate 4 and the adapter plate 3 and/or the pressure plate 5 and the adapter plate
3. The distance plate 13 is provided with port holes 14 which are substantially
concentric with the port holes 8 of the frame plate 4 and/or the pressure plate 5 and the
port holes 14 of the adapter plate 3. However, the size of the port holes 14 of the
distance plate 13 are larger than the size of the port holes 8 of the plates, frame and
pressure plates and the adapter plate 3, if provided with port holes. The adapter plate 3
may not be provided with inlet and outlet pipes 9 and in such case the adapter plate
outside the pressure plate 5 is closed. In a special case the adapter plate 3 may be
provided with bulges 15, i e an outwardly convex area with a size and diameter
substantially corresponding to the port holes 8 of the plates 2. The purpose of the
bulges is to better withstand the pressure exerted by the fluid in the plate interspaces.
The diameter of such bulbs preferably corresponds to the diameter and shape of the
ports holes 8. Due to the larger size, i. e. diameter of the port holes 14 of the distance
plate 13, a plate heat exchanger with improved strength and rigidity may be achieved
since the fluid pressure. During operation, a pressure arises in the interior of the plate
heat exchanger, which pressure tends to press the plate package outwardly, in
particular the outer heat exchanger plates 2, 2’, 2”. By means of the distance plate 13
provided immediately outside the frame plate 4 and immediately outside the pressure
plate 5, such outward bending is prevented.

All the plates, i e the adapter plates 3, the frame plate 4, the heat exchanger plates 2,
2’, 2” and the pressure plate 5, are permanently connected to each other, preferably
through melting of a metallic material, e g brazing, bonding, welding or a combination
thereof. Also the inlet and outlet pipes 9 may be brazed to the plates, and more
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precisely to the adapter plates 3. The plates may also be permanently connected by
gluing.
The invention is not limited to the described embodiments but may be varied and

modified within the scope of the following claims.
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1. A plate heat exchanger comprising a plurality of plates, which each extend
in parallel with a main extension plane (p) and which comprise a plurality of heat
exchanger plates (2) and at least one adapter plate (3),

wherein the heat exchanger plates (2) are provided beside each other and form a plate
package with first plate interspaces (6) for a first medium and second plate interspaces
(7) for a second medium,

wherein each of the heat exchanger plates has four port holes (8) which form ports
extending through the plate package,

wherein the heat exchanger plates (2) comprise an outermost heat exchanger plate (2°)
at one side of the plate package and an outermost heat exchanger plate (2”) at an

opposite side of the plate package,

wherein two of said plate interspaces(6, 7) in the plate package form a respective
outermost plate interspace at a respective side of the plate package, which are
delimited outwardly by a respective one of the outermost heat exchanger plates (2°,2”),
and

wherein the adapter plate (3) is provided outside one of the outermost heat exchanger
plates (2°,2”)

characterized in that a distance plate (13) is arranged between said adapter plate (3)
and a respective one of the outermost heat exchanger plates (2’,2”), said distance
plate (13) comprising at least two port holes (14), which are concentric with each of the
respective port holes (8) of the outermost heat exchanger plates (2’,2”) and the
adapter plate (3), and that the port holes (14) of the distance plate (13) are larger than
the port holes (8) of the outermost heat exchanger plates and the port holes (8) of the
adapter plate (3), respectively.
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2. A plate heat exchanger according to claim 1, wherein the plates are permanently
joined to each other.

3. A plate heat exchanger according to claim 1 or 2, wherein the size and shape of the
distance plate (13) are the same as the size and shape of the adapter plate (3).

4. A plate heat exchanger according to any one of claims 1-3, wherein the distance
plate (13) is permanently joined to the outermost heat exchanger plates (1’,1”) and the
adapter plate (3).

5. A plate heat exchanger according to any one of claims 1-4, wherein the distance
plate (13) is arranged between a frame plate (4) and the adapter plate (3), and a
pressure plate (5) and the adapter plate (3), respectively.
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