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(57) Abstract

The invention relates to a plate heat exchanger (1) which consists of a plate stack (12) composed of advantageously circular grooved
plates (2, 3) welded together. The clearances between the plates (2, 3) form flow ducts (16, 17) for flows of a heat-supplying medium and
a heat—receiving medium. The plates (2, 3) are provided with holes (6, 8, 9) which form inlet and outlet channels (13, 14, 15) for the flows
(20, 39) of the heat transfer media. At least one of the holes (6) on the plates (2, 3) is located substantially in the centre of the plate (2,
3). The plate heat exchanger (1) operates on the cross flow principle. When the plate heat exchanger (1) is provided with a partly opened
mantle which connects the end plates (31, 32) together, and the central channel (13) is provided with a partly opened pipe to control the
flows, the plate heat exchanger (1) is made to function both on the counter flow principle and the forward flow principle.
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Plate heat exchanger

The present invention relates to an advantageously welded plate heat exhanger
according to the preamble of claim 1, for transferring heat from a heat-supplying
medium to a heat-receiving medium, especially between substances in different

phase, such as liquid and gas.

Conventionally, heat exchangers are divided into heat exchangers with a plate
structure and those with a pipe structure. The significant difference concerning
both the construction and the heat transfer is that the heat transfer surfaces are
mainly pipes in one structure, and plates in the other. In the pipe heat exchanger,
a pipe cluster with header and branching parts is usually placed inside a circular
mantle. Thanks to the cylindrical shape and the pipes, the structure is well suited
as a pressure vessel, and thus pipe heat exchangers have been used in extremely
high pressures. In broad perspective, also a large number of boiler contructions
are some kind of pipe heat exchangers. This applies to both fire-tube/corrugated
flue boilers and water-tube boilers, the division being based on that on which

side of the pipe the pressure prevails.

The most significant drawback of the pipe heat exchangers can be considered to
lie in the heavy weight when compared to the surface area of the heat transfer
surfaces. Due to that, the pipe heat exchangers are usually large in size. Also,
when considering the heat transfer and flow characteristics, it is difficult to
design and manufacture pipe heat exchangers especially when economical

grounds have to be taken into account.

A typical plate heat exchanger is composed of rectangular plates which are
pressed against each other by means of end plates, which, in turn, are tightened
to the ends of the plate stack by means of tension rods or tension screws. The

clearances between the plates are closed and sealed with banded sealings on



WO 99/30099 PCT/F198/00952

10

15

20

25

2
their outer circumference, and sealings are also used at the flow channels. Since

the bearing capacity of sleek plates is poor, they are strengthened with groovings
which are usually arranged crosswise in adjacent plates, wherein they also
improve the pressure endurance of the structure when the ridges of the grooves
are supported to each other. However, a more important aspect is the
significance of the grooves for the heat transfer: the shape of the grooves and
their angle with respect to the flows, affect e.g. the heat transfer and pressure
losses. In a conventional plate heat exchanger, a heat-supplying medium flows
in every other clearance between the plates, and a heat-receiving medium in the
remaining clearances. The flow is conducted in between the plates via holes
located in the vicinity of the corners of the plates. Each clearance between the
plates always contains two holes with closed rims and two other holes
functioning as inlet and outlet channels for the clearance between the plates. The
plate heat exchangers are usually composed of relatively thin plates, wherein a
small and light structure is obtained. Because the plates can be profiled into a
desired shape, it is possible to make the heat transfer properties suitable for the
target of use in the best possible way. The greatest weakness in conventional
plate heat exchangers are the sealings which restrict the pressure and
temperature endurance of the heat exchangers. In several cases the sealings have
impaired the possibilities of use also when the heat-supplying or heat-receiving

medium has been corrosive.

Attempts have been made to improve the plate heat exchanger constructions by
leaving out some of the sealings or all of them and replacing them with soldered
joints or welded seams. Plate heat exchangers fabricated by soldering usually
resemble those equipped with sealings. The most significant external difference
is the absence of tension screws between the ends. Due to the structure, it has

not been possible to disassemble such heat exchangers.
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3
Attempts have been made to combine the advantages of the pipe heat exhanger

and the plate heat exchanger in heat exchangers whose construction partly
resembles both of these basic types. One such solution is disclosed in Finnish
patent publication FI 79409, in which circular or polygonal plates are stacked on
top of each other to form a stack of plates which is supported by means of end
plates. The plate stack is encircled by a mantle, the sides of which are provided
with inlet and outlet channels for flows of heat-supplying and heat-receiving
medium. Differing from the conventional plate heat exchanger, all flows into the
clearances between the plates are directed from outside the plates. In the
publication, the basic problem of the plate heat exchangers, i.e. their tightness, is
disregarded as a secondary aspect, without providing any solution to that
particular problem. When the heat exchanger according to the publication is
closed by welding, it is possible to attain the same pressure classes as when
using a pipe heat exchanger, the heat transfer properties corresponding to the

properties of the plate heat exchanger.

Finnish patent publication FI 84659 presents a solution which more distinctly
shows features typical of both plate heat exchangers and pipe heat exchangers.
The circular plates are joined together in pairs by welding them together by the
rims of holes which form an inlet and outlet channel. By welding the plate pairs
fabricated in the above manner together by the outer perimeters of the plates, a
closed circuit is attained for the flow of one heat transfer medium. Differing
from the conventional plate heat exchanger, the structure is welded and there are
only two holes in the plates. The flow of another heat transfer medium is
directed to every other clearance between the plates by means of a mantle
surrounding the plate stack. In order to prevent the flow from running between
the plate stack and the mantle, sealings are utilized which are primarily used as
controllers for the flow. Naturally, pressure endurance is not required of the
flow controllers. Due to the structure of the plate stack, it is difficult to

implement the sealing. For example, elastic rubber gaskets are used for sealing,
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wherein it is possible to disassemble the heat exchanger e.g. for cleaning

purposes. Thus, the problem of sealing is not as significant as it is in the solution

according to the publication FI 79409.

The purpose of this invention is to produce a plate heat exchanger with no
sealing problems and with a pressure endurance corresponding to the properties
of pipe exchangers, and in which the heat transfer properties can be selected as
in a plate heat exchanger. The sealing problems are avoided by welding the
joints, and the controllers can be entirely removed between the mantle and the
plate stack. The plate heat exchanger according to the invention has an
extremely wide range of use, and it can be utilized for heat transfer between

media in different phases.

The invention is based on the idea that there are holes in the centre of the
circular heat exchange plates, which holes form a flow channel for one heat
transfer medium, by means of which channel the flow is guided into the
clearances between the plates and out of them. For the flow of the other heat
transfer medium, the plates are provided with separate holes for inlet and outlet
channels. Because the plate stack is a solid piece which is welded together, it
can be placed in a detachable manner e.g. in a cylinder which can be opened,
from which location the plate stack can be removed for cleaning or repair. The
central channel can also function as a support means for the end plates, if it is
equipped with a rod, pipe, or the like. By means of a partly opened pipe in the
central channel and a partly opened mantle, it is possible to alter the flows of the
plate heat exchanger according to the invention in an almost unrestricted
manner. More precisely, the plate heat exchanger according to the invention is

characterized in what will be presented in the claims hereinbelow.

The welded plate heat exchanger according to the invention is advantageously

provided with circular grooved plates, which are joined together in such a way
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5
that flow ducts for the heat-supplying medium and heat-receiving medium are

formed between the plates. In order to guide the flows into the clearances
between the plates and out of them, the plate heat exchanger is equipped with
channels which are joined to inlet and outlet fittings. To make the plate stack
consisting of relatively thin plates endure pressure, its ends are supported with
end plates which are connected together with support means, rods, a mantle, or
the like. In the centre of the advantageously circular plates of the plate heat
exchanger which form the plate stack and the heat transfer surfaces, there is at
least one hole forming a central channel. The plates of the plate heat exchanger
are joined together in pairs by the outer perimeters of the holes located in the
centre of the plates and by the outer perimeters of the plates of the plate pair in
question, in such a way that a closed flow duct for one heat transfer medium is
formed inside the plate pairs. In addition to the hole in the centre, the plates of
the plate pair are provided with at least one hole by which the plate is attached
to a corresponding hole in the adjacent plate pair. Typically, the plates are
provided with two holes in addition to the hole in the centre, the holes forming
the inlet and outlet channels for the flow ducts inside the plate pairs. The outer
perimeters of the flow ducts formed between the plate pairs are open, and the

flow into and out of them takes place via the central channel.

The plate stack composed of the plates of the plate heat exchanger is supported
between the end plates. The end plates can be fixed to each other with rods, or
the like, wherein the outer perimeter of the plate heat exchanger is primarily left
open, or the end plates can be joined with a mantle structure whereby the entire
outer perimeter can be closed. The central channel can also be provided with a
pipe or the like, to support the end plates. The flow of the heat transfer medium
enters or leaves the open central channel in the radial direction of the plate.
Thus, the flow of the second heat transfer medium crosses the flow of the first
one, wherein the plate heat exchanger is a cross flow exchanger. The mantle of

the plate heat exchanger can be opened at the desired location in order to supply
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the flow of the heat transfer medium or to discharge it from the plate heat

exchanger. The flows are controlled by the mantle located against the plate
stack, by a pipe located in the central channel against its walls and by openings
on the mantle and in the pipe. By selection of the locations of the openings and
holes on the plates, the plate heat exchanger is made to function both as a
forward flow exchanger and a counter flow exchanger. The cross-sectional area
of the flow between the plates is increased by the parallel flow on both sides of
the central channel. The flow conditions between the plates can be controlled by
changing the angle B between the ridges of the grooves on the plates placed
against each other, wherein by using smaller angles, greater flow quantities are
attained for flows of gaseous media through the heat exchanger. Accordingly,
the flows of liquid media can be smaller and the angle f can be wider. By
making the cross-sectional areas of the grooves in the plates variable in size
A1 > Ay, it is possible to convey greater volume flows on the gas side than on
the liquid side. The grooves on the plates of the plate heat exchanger can also be
made symmetrically with respect to the centre of the plate. Thus, the flow

conditions remain almost equal in the different parts of the plate and in all flow

types.

The plate heat exchanger according to the invention has a simple structure. Due
to the circular shape, it is possible to automate the manufacturing techniques,
e.g. the welding, with relatively low costs. The circular shape also improves
pressure endurance. When using a cylindrical outer shell, one end can be
arranged to be opened, wherein it is possible to clean the heat transfer surfaces
on at least one side. It is possible to incorporate a large heat transfer surface into
the small size and light weight. The plate heat exchanger according to the
invention can be made of a corrosion resistant material, for example titanium,
with moderate costs because, due to the structure, the material thicknesses of the

plates are small.
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The welded plate heat exchanger according to the invention can be used in a

wide variety of ways and in numerous situations. The plate heat exchanger can

be used as a cross flow, forward flow and counter flow heat exchanger. Heat

transfer between media in different phases and in the same phase is possible. In

different fields of technology, besides being used as a conventional heat

exchanger, the heat exchanger according to the invention can also be used i.a. as

a cooler, an evaporator, a condenser, a boiler, and a waste heat boiler.

In the following, the invention will be described in more detail by means of

examples and with reference to the appended drawings, in which

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

shows a plate heat exchanger according to the invention in a cross-
cut schematical side view, in an embodiment where the plate heat

exchanger has an open outer perimeter,
shows schematically the position of the superimposed plates of the
plate heat exchanger as well as the position of the grooves of the

plates in the plate stack,

shows a part of the plate stack formed by the plates according to
Fig. 2,

shows the profiles of the plates of Figs. 2 and 3 in a cross-section,

shows a part of the plate stack in which the grooves of the plates are
levelled at their bottom,

shows the profiles of the plates according to Fig. 5 in a cross-

section,
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Fig. 7 shows a schematical side view of the cross-section of a plate heat
exchanger according to the invention in an embodiment comprising

a mantle and a pipe arranged in the central channel,

Fig. 8 shows schematically a cross-cut plate heat exchanger provided with
an opened mantle and a central pipe, and functioning on a counter

flow principle,

Fig. 9 shows schematically the plate stack of the plate heat exchanger and

the values to be used in calculations, and

Fig. 10 shows a schematical top view of the plate stack of the plate heat
exchanger in an embodiment where the plates are grooved

symmetrically with respect to their centre.

In Fig. 1, a welded plate heat exchanger 1 is used as a cooler or a heater. In
order to simplify the schematical Fig. 1, the grooves on the plates of the plate
heat exchanger are not shown in the figure. In Figs. 1 to 10, plates 2 and 3 form
a plate pair 4 which is conjoined for example by welding at the outer perimeters
5. Similarly, the plate pair 4 is conjoined at the central hole 6 of the plates 2 and
3, along its perimeter 7. The plate pairs 4 are attached together by welding at
holes 8 and 9, along their outer perimeters 10 and 11. The plate pairs 4 joined
together form a plate stack 12, inside of which a central channel 13 is formed of
the central holes 6 of the plates 2, 3. Correspondingly, the holes 8 and 9 form the
inlet and outlet channels 14 and 15 for one heat transfer medium in the inner
flow ducts 16 of the plate stack. The central channel 13 is connected to the flow
ducts 17 between the plate pairs 4. The inlet and outlet channels 14 and 15 for

the inner flow of the plate stack 12 are connected on at least one end to an inlet
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fitting 18 and an outlet fitting 19. The flow of the heat transfer medium in this

circuit is shown by unbroken arrows 20.

The reference number 21 refers to the grooves on the plates 2 and 3, the bottom
of the grooves forming a ridge 22 or a level surface 23. Fig. 2 shows the angle 8
between the ridges of the superimposed plates 2 and 3. Figs. 3 to 6 illustrate how
the cross-sectional areas A1 and A) formed by the grooves 21 vary in size. With
the shape and placement of the grooves 21, a desired proportion is achieved for
the cross-sectional areas. For example, the flow volumes of a gaseous medium
can be increased by increasing the cross-sectional area of the flow duct 16 or 17.
The plates 2 and 3 support each other via supporting points 24, at which the
ridges 22 and/or level surfaces 23 of the grooves 21 are placed against each
other. The structural strength required, the materials of the plates 2 and 3, and
the shape of the grooves 21 set the limits to the proportion between the cross-

sectional areas A and Aj.

To support the plate stack 12, rigid end plates 31 and 32 are used. The end plates
31 and/or 32 are provided with the necessary holes 33, 34 and 35 for the
channels 13, 14 and 15 or their fittings 18, 19. In the solution according to Fig.
1, the end plates 31 and 32 are tied together by means of bolts 36 and nuts 37. In
order to illustrate the function, Fig. 1 shows blowers 38 which are fixed to the
end plates 31 and 32 and which generate gas flows illustrated by broken line

arrows 39.

Figs. 7 and 8 show an embodiment of the plate heat exchanger, in which the
flow ducts 16 and 17 of both the heat-supplying and the heat-receiving medium
are closed and they can be pressurized. The end plates 31 and 32 are connected
together by means of a mantle 41 surrounding the plate stack 12. For
maintenance purposes, one of the end plates 31, 32 is attached to the mantle 41

in such a way that it can be easily detached. A pipe 42 or the like is fixed to an
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opening 43 in the mantle 41, and through which opening the flow 39 of one heat

transfer medium is guided to the plate heat exchanger 1 or out of the same. The
central channel 13 of the plate stack 12 is provided with a pipe 44 which has an
opening 45 for the flow, either into the pipe 44 or out of the same. Fig. 8 clearly
shows that by changing the direction of the flows 20, it is possible to convert a
counterflow heat exchanger to a forward flow heat exchanger. By shifting the
location of the channels 14 and 15 by 90°, the plate heat exchanger 1 according
to Fig. 8 can be made to function on the cross flow principle. In conventional
plate heat exchangers which comprise four holes, the above-presented

modifications have not always been possible.

The following formulas apply to the calculations used in connection with a plate

heat exchanger with circular plates:

Ap~d, TP Lyw" (pa) pressure loss

a~d, W (W/m2K) heat-transfer coefficient
dp, = hydraulic diameter in the groove (m)
w = flow rate between the plates (m/s)
Leky = equivalent flow length between the plates

Leky = f (o, L) Fig 9 shows that o = the angle of ascent of the groove

with respect to the flow direction and L = flow length

Leky =~ (sin a)-1 (cos )07 L
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When examining the effect of the angle a to the equivalent flow length, it can be

found that when the angle changes for example in the order of 45° to 15°, the
equivalent flow length increases into treble and above that. In test runs, the plate
heat exchangers according to the invention have attained heat transfer
coefficient values which exceed 300 W/m2K. The heat transfer properties of the
plate heat exchanger 1 can also be affected not only by the shape of the grooves
21 on plates 2, 3 and the angle B between the ridges 22 of the grooves, but also
by the size of the central hole 6. Correspondingly, by shortening the flow length
for example in cases of radial flow, it is possible to increase the value of the
angle B and to keep the pressure loss constant, and thus to find the optimal

values for each use. The possibilities for variation are almost unlimited.

In the solution according to Fig. 10, the grooves 21 and their ridges are in a
symmetrical position with respect to the centre. Thus, the value of the angle a. is

the same everywhere, both in circular flows and in radial flows.

As disclosed in the foregoing, there are numerous possibilities of using the plate
heat exchanger 1 according to the invention. Structurally, the plate heat
exchanger 1 can be either open or closed, wherein in the former case it has a
primarily open outer perimeter, and in the latter case it is primarily closed with a
mantle or the like. When using the open plate heat exchanger 1 for example as a
cooler or a heater, the most advantageous result is achieved by conducting the
gas flow 39 to the central channel 13 or out of the same in a forced flow by
means of blowers 38 or the like. In the central channel 13, the flow can also be
unidirectional, wherein only one end plate 31, 32 is provided with a hole 33.
When the central channel 13 is in vertical position, a free flow of the gas can
also be possible. The flow 20 inside the plate stack 12 can be forced or free. The
plate heat exchanger according to Fig. 1 functions as a cooler in free

circulation. The warm medium flow 20 supplied from above is discharged from
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below by the effect of gravity. Also, on the basis of phase transitions, a

sufficient circulation is attained for example in condensers and evaporators.

However, in the closed plate heat exchanger 1 the best capacity is typically
achieved when both flows are forced. When functioning both according to the
forward flow principle and according to the counterflow principle, the flows of
the heat transfer media are passed in the direction of the perimeters of the plates
2 and 3 both in the inner and in the outer flow ducts 16, 17 of the plate stack 12.
The inner surface of the mantle 41 abuts the outer perimeters of the plates 2 and
3, which perimeters are welded together, and the outer surface of the pipe 44,
located in the central channel 13, abuts the welded perimeters 7 of the holes 6.
In the aforementioned locations in the outer flow ducts 17 of the plate stack 12,
broader flow ducts are composed, because the grooves 21 are absent therein.
The distance from the opening 43 along the inner surface of the mantle 41 to the
opening 45 of the pipe 44 located in the central channel 13 is, however,
considerably longer than the distance via the centre of the plates 2, 3. The flows
on the inner surface of the mantle 41 and on the outer surface of the pipe 44 are
minor so that it is not necessary to take them into account, and thus separate
flow controllers or sealings are not necessary. The free flow based on gravity
may become optional in a closed plate heat exchanger 1 when the construction is
used for example as a boiler, wherein the central channel 13 functions as a
combustion chamber and the plate stack 12 forms a convection part. The heated
water rises from the channel 15 via the flow ducts 16 to the channel 14.
Correspondingly, the closed plate heat exchanger 1 according to the invention
can also be utilized as a waste heat boiler for various purposes of use. The
circulation of the liquid can thus be arranged either in free or in forced
circulation. Due to its pressure endurance and compact size, the closed plate
heat exchanger according to the invention can be especially well used e.g. as an

evaporator or a condenser in apparatuses applying the refrigeration technique.



WO 99/30099 PCT/F198/00952

10

15

20

25

30

13

Figs. 1 to 10 do not show the structure of the plate heat exchanger 1 according to
the invention in which the plate stack is placed inside a spacious mantle 41 and
there is no pipe 44 controlling the flow inside the central channel 13. Such a
structure is closed and it is well suited e.g. for corrosive conditions in sea water
heat exchangers. The parts of the mantle 41 and the end plates 31 and 32
receiving the loads caused by the pressure can be made of constructional steel,
and the inner surfaces which are liable to corrosion are coated with corrosion
resistant materials. The plate stack 12 containing the welded heat transfer
surfaces can be made of titanium which is highly resistant to corrosion. Such a
structure can also be used in processing industry and chemical industry, in

different types of reactors or the like.

In plate heat exchangers 1, where the inner diameter of the mantle 41 is greater
than the outer diameter of the plate stack 12, a ring-shaped channel is formed
between the mantle 41 and the plate stack 12, to which channel a flow is
directed from the central channel 13 along the flow ducts 17, or from which a

flow is directed to the central channel 13.

It is obvious for anyone skilled in the art, that only few of the constructions and
uses of the plate heat exchanger 1 according to the invention are disclosed in the
foregoing. By combining the above-presented embodiments, it is possible to
obtain entirely new solutions within the scope of the inventive idea. By the
shape and distribution of the grooves 21, it is possible to affect the pressure
losses and to construct the plate heat exchanger 1 in such a way that it also
functions e.g. with consistent viscous media. Naturally, the plates 2 and 3 of the
plate heat exchanger 1 can also be different, or some of the plates in the plate
stack 12 can be different. It is possible to divide the channels 13, 14, 15 of the
plate heat exchanger 1 for the purpose of grading the heat transfer. The plates 2

and 3 of the plate stack 12 can, of course, be joined together with other methods
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and in a different order as opposed to what has been presented above within the

scope of the inventive idea. Besides welding, the joining can be conducted by

means of adhesives, by soldering, or with corresponding techniques.
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Claims:

1. Welded plate heat exchanger (1) intended for heat transfer between flows of

media in the same phase or in different phases, such as liquid and gas, and

comprising

advantageously circular plates (2, 3) joined together and forming the heat
transfer surfaces of the plate heat exchanger (1), wherein two plates (2, 3)
joined together form one plate pair (4) and adjacent plate pairs (4) joined
together form a plate stack (12),

flow ducts (16, 17) for a heat-supplying medium and a heat-receiving
medium formed between the plates (2, 3) joined together,

channels (13, 14, 15) directing the heat-supplying and heat-receiving flows
to the flow ducts (16, 17) and out of the same and the inlet and outlet
fittings (18, 19) of the channels, and

end plates (31, 32) supporting the plate stack (12) and support means (36,
37, 41) therebetween, characterized in that

the advantageously circular plates (2, 3) of the plate heat exchanger (1)
which form the heat transfer surfaces and the central channel (13), are
provided with at least one hole (6) substantially in the centre of the plate
2, 3),

the plates (2, 3) of the plate heat exchanger (1) are joined together as plate
pairs (4) by welding at the perimeters (7) of the holes (6) in the centre of
the plates (2, 3) and at the outer perimeters (5) of the plates (2, 3) in the
same plate pair (4), and that

the plate pairs (4) closed at the perimeters (7) of the holes (6) and by the
outer perimeters (5), are welded together at least in one location along the
perimeters (10, 11) of holes (8, 9) located outside the centre of the plates
(2, 3) in the plate pair (4).
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2. Plate heat exchanger according to claim 1, characterized in that the flow

ducts (17) formed between the plate pairs (4) of the plate heat exchanger (1) are
open in their outer perimeter, and the central channel (13) formed by the holes
(6) in the centre of the plates (2, 3) is the inlet or outlet channel for the flow
ducts (17).

3. Plate heat exchanger according to claims 1 to 2, characterized in that the
plate stack (12), formed by the plates (2, 3) of the plate heat exchanger (1), is
arranged between end plates (31, 32) which are supported to each other and
clamped together, so that the plate heat exchanger (1) has a substantially open

outer perimeter.

4. Plate heat exchanger according to claim 1, characterized in that the support
means supporting the plate stack (12) between the end plates (31, 32) is a mantle
(41), wherein the end plates (31, 32) and the mantle (41) form a space in which
the plate stack (12) is arranged.

5. Plate heat exchanger according to claims 1 to 4, characterized in that the
flow of the heat transfer medium entering or leaving the central channel (13) of
the plate heat exchanger (1) is substantially parallel to the radii of the plates (2,
3), and the flow of the other heat transfer medium is substantially perpendicular
to the radii of the plates (2, 3), wherein the plate heat exchanger (1) functions on

a cross flow principle.

6. Plate heat exchanger (1) according to claim 4, characterized in that the
mantle (41) is partly open to supply the flow of the heat transfer medium to the

plate heat exchanger (1) or to discharge it from the same.

7. Plate heat exchanger according to claims 1 to 6, characterized in that the

central channel (13) of the plate heat exchanger (1) is provided with a pipe (44)
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or the like which is partly open and which controls the flow of the heat transfer

medium entering or leaving the central channel (13).

8. Plate heat exchanger according to claims 1 to 7, characterized in that the end
plates (31, 32) of the plate heat exchanger (1) are fixed and supported both to
the mantle (41) and to the pipe (44), or the like, arranged in the central channel

(13).

9. Plate heat exchanger according to claims 1, 4, 6, 7, and 8, characterized in
that openings (43, 45) located in the mantle (41) of the plate heat exchanger (1)
and in the pipe (44) placed in the central channel (13) as well as the holes (8, 9)
connecting the plate pairs (4) together, are arranged with respect to each other in
such a way that the flows of heat transfer media run in opposite directions,

wherein the plate heat exchanger functions on a cross flow principle.

10. Plate heat exchanger according to claims 1, 4, 6, 7 and 8, characterized in
that openings (43, 45) located in the mantle (41) of the plate heat exchanger (1)
and in the pipe (44) placed in the central channel (13) as well as the holes (8, 9)
connecting the plate pairs (4) together, are arranged with respect to each other in
such a way that the flows of heat transfer media run in the same direction,

wherein the plate heat exchanger functions on a forward flow principle.

11. Plate heat exchanger according to claims 1 to 10, characterized in that the
grooves (21) on each plate (2, 3) of the plate heat exchanger (1) are parallel to
each other, and that the angle B between the ridges (22) of the grooves (21) on
the plates (2, 3) placed against each other is substantially smaller in the flow
ducts (16, 17) containing a gaseous heat transfer medium than in the flow ducts

(16, 17) containing a liquid heat transfer medium.
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12. Plate heat exchanger according to claims 1 to 10, characterized in that the

plates (2, 3) of the plate heat exchanger (1) are grooved in such a way that in the
flow ducts (16, 17) containing a gaseous heat transfer medium, the cross-
sectional area (A1) of the grooves (21) is larger than the cross-sectional area

5 (Ap) of the grooves (21) in the flow ducts containing liquid heat transfer media.

13. Plate heat exchanger according to claims 1 to 10, characterized in that the
grooves (21) on the plates (2, 3) of the plate heat exchanger (1) are arranged
symmetrically with respect to the centres of the plates (2, 3).
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