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(57) Abstract

The invention relates to a plate heat ex-
changer plate (1) which contains alternative lo-
cations (4, 5) for flow openings, the locations
of which can be changed to adjust the ridge an-
gle between the ridges of the corrugations (2)
of the adjacent plates (1) in a plate heat ex-
changer composed of plates (1) in order to im-
prove the heat transfer and flow characteristics.
The plates (1) may also be provided with a lo-
cation (6) for a central hole.
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HEAT EXCHANGER PLATE AND PLATE HEAT EXCHANGER

The invention relates to a plate of a plate heat exchanger, which plate is used
especially in welded plate heat exchangers to separate the flow ducts and to
form heat transfer surfaces. The plate is circular in shape and contains at least
two flow openings for supplying and discharging a heat transfer medium from
the ducts formed by the plates. The plates of the plate heat exchanger, which
are advantageously made of metal, are provided with corrugations for
improving the heat transfer characteristics and supporting the ducts formed
between the plates of the plate heat exchanger. The plates of the plate heat
exchanger are welded together in pairs at the outer perimeters of the flow
openings, and the plate pairs are connected together by welding the plates of

the plate pairs at their outer perimeter to the plates of the other plate pairs.

A conventional plate heat exchanger is composed of superimposed plates
which form a stack of plates which is clamped between two end plates by
means of tie bars. The ducts formed by the plates and the flow openings
connected thereto are sealed at their outer perimeters by means of separate
sealings. Even though sealings have undergone an intensive development, the
most significant problem in such heat exchangers is the leaking of the sealings,
which can be caused by the temperature, corrosion, aging, or another corres-
ponding factor. The plates of such plate heat exhangers are typically
rectangular-shaped, and the flow openings, usually four in number, are placed
in the vicinity of the corners. The heat transfer surfaces are typically provided
with straight corrugations, or the corrugations are arranged in a v-shape. The
plates are stacked on top of each other in such a way that the corrugations are
not in parallel, but an angle is formed between their ridges, the width of which
angle significantly affects the heat transfer characteristics. Because the plates

of a conventional plate heat exchanger are manufactured by pressing, the
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process of changing the angle between the ridges has always required a new,

expensive pressing tool.

Several solutions have been presented to adjust the angle between the ridges of
the plate. Attempts have been made to find a solution by changing the
structure of the plate heat exchanger or by developing the pressing tools. The
Finnish patent publication FI 79409 presents a plate heat exchanger in which
circular or polygonal plates are stacked on top of each other, and the stack of
plates hereby formed is supported between end plates. Unlike conventional
plate heat exchangers, the plates are not provided with flow openings, but the

flows are directed in ducts between the plates from outside the plates. Thus the

angle between the ridges can be freely chosen by means of circular and

polygonal plates within the restrictions set by the polygonal shape. However,
the construction according to the publication is expensive to manufacture and

the problems of tightness have not been solved satisfactorily.

The Finnish patent publication FI 84659 discloses a solution which contains
features typical both of a conventional plate heat exchanger and of a pipe heat
exchanger. Similarly to conventional plate heat exchangers, one heat transfer
medium is arranged to flow via flow openings located in the plates. A feature
related to the tube heat exchanger is the outer cell which surrounds the heat
exchanger. The most significant difference when compared with conventional
solutions is the fact that the plates are welded together at the flow openings
and outer perimeters. Plates according to this application can be used in a plate

heat exchanger of the above-described type.

The Finnish patent publication FI 94395 presents a manufacturing method and
a tool for producing a plate for a plate heat exchanger. In the method according

to the publication, a pressing tool is used which contains several filling pieces
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which either correspond to the normal corrugation or form a flow opening. The
placement of the flow openings in the pressed heat exchanger plates can be
altered by changing the places of the filling pieces, wherein the angle between
the ridges in the plates constituting the heat exchanger changes as well. By
using the same pressing tool, it is possible to attain several different variations
with respect to the ridge angle, depending, naturally, on the number of the
filling pieces. Naturally, such pressing tools are more expensive to
manufacture than conventional ones, but they are considerably less expensive

than pressing tools manufactured separately for each ridge angle needed.

The purpose of this invention is to produce a circular, corrugated heat
exchanger plate which contains at least one additional location for a pair of
flow openings, which flow openings can be selected after pressing the heat
exchanger plate. The corrugation of the heat exchanger plate is cut by the outer
perimeter of the flow opening in such a way that it is possible to cut a flow
opening in the plate by means of the pressing tool. The number of the locations
of the flow opening pairs determines the ridge angle alternatives in the heat
exchanger plates. In practice, one or two additional locations are often

sufficient for a pair of flow openings.

More precisely, the plate for a plate heat exchanger is characterized in what

will be presented in the characterizing part of claim 1.

The plates for a plate heat exchanger according to the invention contain at least
two pairs of locations for the flow openings, wherein by providing the flow
openings at the desired locations, the ridge angle between the ridges of the
corrugations in the superimposed plates of the plate heat exchanger is adjusted
and changed to attain the best possible heat transfer characteristics. The

locations of the flow openings and the central hole are composed of straight,
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smooth ring-like parts with a corrugation inside them. An opened central hole
constitutes a flow duct for one heat transfer medium and/or functions as a duct
in which a supporting means is placed. Unopened locations for the central hole
and the flow openings constitute a part of the heat exchange surfaces in a plate
heat exchanger composed of heat exchanger plates according to the invention.
In the plate heat exchanger, the ring-like straight part on the outer perimeter of
the plate as well as the ring-like straight parts in the locations of the flow
openings and the central hole, are at least on two different levels in order to
close the flow ducts formed between the plates of the plate heat exchanger. In
a heat exchanger composed of heat exchanger plates according to the
invention, the adjacent plates are welded together at their outer perimeters as
well as at the outer perimeters of the central holes or at the flow openings. If
the diameters of the plate blanks to be removed from the flow openings are
sufficiently large, the locations of the flow openings can be formed as heat
exchanger plates which contain locations for alternative flow openings and the

plates thus attained can be used to form smaller plate heat exchangers.

With a plate for a plate heat exchanger according to the invention, it is possible
to achieve considerable advantages. The price of the pressing tool used in the
production of the plate does not differ from the price of a conventional tool.
Plates for a plate heat exchanger can be manufactured to be stocked for future
deliveries. The flow openings can be pressed after the heat exchanger has been
thermically dimensioned before starting the assembly work. Because all the
plates are produced with the same pressing tool, the plates are formed rapidly,
without changes in the settings of the pressing tool. If the plates to be pressed
are sufficiently large in size, the plate blanks to be removed from the flow
openings can be used as plates in a small plate heat exchanger, in which plates
the locations of the flow openings have already been pressed. Even though the

plate for a plate heat exchanger according to the invention does not provide a
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stepless adjustment of the ridge angle, the angle alternatives available are

sufficient in practice. The basic construction of the plate heat exchanger

composed of plates according to the invention is superior when compared with

solutions of prior art where the ridge angle can be steplessly adjusted, at least

with respect to purchase price and reliability. The plate heat exchanger which

is welded of plates according to the invention is small in size, reliable and

provided with good pressure endurance features.

In the following, the plate heat exchanger according to the invention will be

described in more detail with reference to the appended drawings, in which

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

is a schematical top view of the plate for a plate heat exchanger

according to the invention,

shows schematically an embodiment of the plate for a plate heat
exchanger according to the invention, cut out from a flow opening

of a larger plate,

shows schematically how the plates for a plate heat exchanger

according to Fig. 1 are coupled together as plate pairs,

shows schematically a plate heat exchanger composed of plates
according to the invention cross-cut at the flow opening and the

opened central hole,

shows schematically a plate heat exchanger composed of plates
according to the invention, seen at the unopened flow opening and

unopened central hole,
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In the following, the invention will be described in more detail with reference
to the appended drawings. Figs. 1 to 3 show circular plates 1 for a plate heat
exchanger, which plates 1 are made of a sheet material by means of a pressing
tool. Corrugations 2 are pressed in the plate 1 by means of a pressing tool or
the like. The locations 4, 5 for flow openings can be left unpunched at the
pressing stage. In the middle of the plate 1 of the plate heat exchanger, it is
possible to allocate a location 6 for the central hole. At the locations 4 and 5 of
the flow openings as well as at the location 6 of the central hole, the
corrugations 2 are cut, and at the outer perimeters of the openings there are
straight, ring-like parts 7, 8, 9. The outer edges of the plate heat exchanger
plates 1 are also provided with straight parts 10. In Fig. 3, the plates 1 are

joined together in such a way that the ridges of the corrugations 12 form a

ridge angle o with each other.

Figs 4 to 5 illustrate how the plates 1 of the plate heat exchanger are connected
to each other. In the solution according to Fig. 4, the central hole 11 is opened.
The plates 1 are joined together as plate pairs 13 at the outer perimeters of the
flow openings 3 by means of welds 12. The plate pairs 13 are connected to
each other at the outer perimeters of the plates 1 by means of a weld 14.
Correspondingly, the opened central hole 11 is welded at its outer perimeter
with a weld 15. The ring-like straight parts 10 at the outer perimeters of the
plates 1 as well as the straight parts 9 of the central hole 11 are in the same
plane, wherein the central hole 11 is connected to flow ducts 16, which open at
the outer perimeter of the plates 1. Thus, it is possible to use the central hole
11 as an inlet or outlet passage for one flow circuit of heat transfer media. The
flow openings 3 and the ducts 17 constitute a closed flow circuit, whose inlet

and outlet passages are composed of the flow openings 3.
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Fig. 5 illustrates how the unopened flow openings 3 and the central hole 11
affect the flow ducts 16 and 17. As can be seen in the figure, the flow ducts 16
and 17 remain open when meeting a location 4, 5 of the flow opening 3.
However, the ring-like straight parts 9 of the unopened central hole 11 close
one of the flow ducts 16, 17 when placed on top of each other, depending on
the level at which the straight parts 9 are arranged. This fact has to be taken
into account when using a plate heat exchanger composed of plates 1

according to the invention at high temperatures.

It is self-evident for anyone skilled in the art that the embodiment presented
above is merely an embodiment according to the inventive idea, and it can
naturally vary within the scope of protection determined in the claims. For
example the profile of the corrugations 2 in the plate 1 for a plate heat
exchanger can have any possible shape as long as it meets the strength and

thermic requirements. When it is desired to make the gradation of the ridge

angle o denser, the number of the locations 4, 5 of the flow openings 3 can be
increased even so that they partly overlap each other. However, if the number
of the locations 4, 5 is too large, the flow conditions in the ducts 16, 17 may
change too much. The size of the central hole 11 and its coupling to the flow

ducts 16, 17 can be selected according to the use.
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Claims:

1. Plate for a plate heat exchanger, especially for welded plate heat
exchangers, which plate separates flow ducts (16, 17) in a plate heat exchanger
composed of plates, constitutes heat transfer surfaces for heat transfer media,
has a circular shape and is provided with corrugations (2) or the like extending
at least partly across the plate heat exchanger plate (1), characterized in that
the plate (1) for a plate heat exchanger comprises at least two pairs of
unopened locations (4, 5) for flow openings (3) in which locations (4, 5) the

flow openings (3) can be made, and that by arranging the flow openings (3) in
the desired locations (4, 5), the ridge angle o between the ridges of the

corrugations (2) in adjacent plates (1) of a plate heat exchanger is adjusted to

attain as good as possible flow and heat transfer characteristics.

2. Plate (1) for a plate heat exhanger according to claim 1, characterized in
that in the centre of the plate (1) there is a location (6) for a central hole (11)
which, when opened, in the plate heat exchanger composed of plates (1), forms
a flow duct for the heat transfer medium and/or a duct in which the supporting

means for the end plates of the heat exchanger is placed.

3. Plate (1) for a plate heat exchanger according to claims 1 to 2,
characterized in that the locations (4, 5) for the flow openings (3) and the
central hole (11) are composed of straight, ring-like parts (7, 8, 9) inside of

which a part of the plate (1) comprises corrugations (2).

4. Plate (1) for a plate heat exchanger according to claims 1 to 3,
characterized in that the locations (4, 5, 6) of the flow openings (3) and the
central hole (11) constitute a part of the heat exchange surfaces in a plate heat

exchanger composed of plates (1).
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5. Plate (1) for a plate heat exchanger according to claims 1 to 4,
characterized in that the ring-like straight part (10) of the outer perimeter of
the plate (1), the ring-like straight parts (7, 8, 9) of the locations (4, 5, 6) of the
flow openings (3) and the central hole (11) are on at least two different levels
in order to close the flow ducts (16, 17) in a plate heat exchanger composed of

plates (1).

6. Plate (1) for a plate heat exchanger according to claims 1 to 5,
characterized in that in the plate heat exchanger composed of plates (1), the
adjacent plates (1) are connected together at their outer perimeters as well as at
the outer perimeters of the central holes (11) or the outer perimeters of the

flow openings (3) by means of welding or a corresponding method.

7. Plate (1) for a plate heat exchanger according to claims 1 to 6,
characterized in that the plate blanks removed from the flow openings (3) are
plates (1) of a plate heat exchanger with a smaller diameter, containing

alternative locations (4, 5) for the flow openings (3).

8. Plate (1) for a plate heat exchanger according to any of the foregoing
claims, characterized in that the corrugations (2) of the plate (1) extend
continuously through the centre of the plate (1) and that the plate (1) is not
provided with location (6) for the central hole (11).

9. Plate heat exchanger composed of plates according to any of the claims 1 to
8, characterized in that in the plate heat exchanger composed of plates,
adjacent plates (1) are connected together at their outer perimeters, as well as
at the outer perimeters of the central holes (11) or at the outer perimeters of the

flow openings (3) by means of welding or a corresponding method.
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