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(57) Abstract

In a plate heat exchanger heat
transfer plates abut against each other in
such a way that heat transfer passages
are formed therebetween, port holes pro-
vided in the heat transfer plates form-
ing port channels through the plate heat
exchanger. Between the heat transfer
portion (15) of a heat transfer plate (2)
and a port hole (14) forming a part of
a port channel, that constitutes an inlet
for a refrigerant, the heat transfer plate
(2) has a passage portion (16). The pas-
sage portion (16) is adapted to delimit
a distribution passage between the heat
transfer plate (2) and an adjacent heat
transfer plate, through which distribu-
tion passage the refrigerant is intended
to flow from the inlet port channel to the
heat transfer passage between the heat
transfer plates. In the distribution pas-
sages the refrigerant shall be subjected

to a pressure drop. According to the in-
vention the pressure drop can be given
different magnitudes by punching of dif-
ferent kinds of port holes (14) in the heat
transfer plates.
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A method of producing heat transfer plates; an assortment_of heat

transfer_plates; and a plate heat exchanger_comprising_heat transfer

plates_included _in the assortment.

The present invention concerns a method of producing heat transfer
plates, which are of the same size and have central heat transfer
portions of the same shape. Each of the heat transfer plates has on
respective sides of the heat transfer portion through holes, so called
port holes, for through flow of at least one heat exchange fluid.
Additionally each heat transfer plate has a passage portion which,
when the heat transfer plate abuts against another heat transfer plate
in a plate heat exchanger, is adapted to delimit a distribution passage
for through flow of said heat exchange fluid. The passage portion
extends from one of said port holes to an area in or near said heat
transfer portion, which area has the same position in relation to the
heat transfer portion in the different heat transfer plates. During
production of the heat transfer plates separate operations are carried
out for pressing the passage portions of the heat transfer plates and

for punching the holes which shall form said port holes, respectively.

In a plate heat exchanger heat transfer plates abut against each other
in a way such that they form a plate package with heat transfer ,
passages between the heat transfer plates. The port holes of the heat

transfer plates form port channels through the plate package.

Plate heat exchangers are often used as evaporators in cooling
systems. In such a plate heat exchanger most oftenly at least one

heat exchange fluid, which is constituted by a refrigerant, flows into
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one of the port channels in the form of a liquid-gas mixture. From the
port channel the refrigerant is conducted through inlet or distribution
passages, of the kind initially mentioned, into the heat transfer
passages intended for the refrigerant. When flowing through the
distribution passages the refrigerant is subjected to a substantial
pressure drop, whereby a distribution of the refrigerant between the
different heat transfer passages as evenly as possible is achieved. In
the heat transfer passages the refrigerant evaporates by taking up
heat from another heat exchange fluid flowing through adjacent heat

transfer passages.

DUring a long time only a few rather similar refrigerants have been
used in most cooling systems. Plate heat exchangers for such cooling
systems have been produced in several different sizes, but plate heat
exchangers of the same size have normally been given a uniform
design, irrespective of the refrigerant to be used in them. Thus, also
the distribution passages have had the same dimensions in all plate
heat exchangers of a specific size, which has meant that the pressure
drop to which a refrigerant has been subjected in the distribution
passages has not necesarily been optimal for this particular

refrigerant.

As a consequence of old refrigerants, dangerous to the environment,
having been forbidden and a large number of new more environment
friendly refrigerants having been introduced, a need has arisen for
adaptation of the pressure drop in the distribution passages indivi-
dually for each plate heat exchanger with regard to the refrigerant to

be used in it. The new refrigerants, namely, show large individual
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differences between their evaporation pressures at a specific

temperature.

SE 8702608-4 shows a plate heat exchanger formed with restrictions,
which are adapted to reduce the pressure of a refrigerant, when it
flows from a port channel into a number of heat transfer passages.
The restrictions can be constituted by holes drilled in rings, which are
arranged between the heat transfer plates around the port channel, or
by holes drilled in a pipe, which is arranged in the port channel
constituting inlet channel for the refrigerant. According to a further
embodiment the heat transfer plates may abut against each other two
by two around the port holes forming the inlet channel for the refrige-
rant, except in limited areas where inlet passages have been left. The
restrictions can be adapted to a certain refrigerant, a certain pressure

drop and a certain temperature difference.

The object of the present invention is to produce, in a simple and cost
effective way, heat transfer plates of the initially described kind, which
are intended for plate heat exchangers of different kinds with respect
to the pressure drop that is to be attained in their distribution

passages.

This object can be achieved, by means of the initially mentioned
method of producing heat transfer plates, by providing by said
puhching operation each one of separate or interconnected sheet
metal pieces, which are to form the said heat transfer plates, with
holes in a way such that said one port hole in a first sheet metal

piece becomes of a different kind than the corresponding one port
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hole in a second sheet metal piece, the said one port holes of the
sheet metal pieces being shaped by the punching operation such that
they result in finished heat transfer plates having differently sized

passage portions.

By the invention heat transfer plates for plate heat exchangers, which
are individually adapted for different refrigerants, can be produced

at almost the same cost as heat transfer plates for plate heat
exchangers, which are not individually adapted for different refrige-
rants. The invention implies that different punching tools are used for
punching of said one port holes of different kinds. However, the
increase in cost for each heat transfer plate, as a consequence of

this, will be marginal in connection with large production series.

Either the punching operation for punching said one port hole can be
performed before the pressing operation for the shaping of the
passage portions, or the two operations can be performed in the

inverse order.

The said one port holes of different kinds can be shaped circular but
with different diameters; alternatively they can be given a shape
differing from circular shape. In these different ways the heat transfer

plates can easily be provided with differently sized passage portions.

Normally the heat transfer portion of a heat transfer plate is provided
with a pressing pattern of depressions and elevations by a pressing
operation. It is convenient to shape the passage portion of the heat

transfer plate in the same pressing operation.
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In a preferred way of carrying out the method according to the
invention the passage portion of each of the heat transfer plates is
shaped so that it forms a groove. Hereby a distribution passage
between two adjacent plates in a plate heat exchanger will be given
the shape of a channel having a specific uniform through flow area.
It is easy to calculate which length such a channel should have for
obtainment of the desired pressure drop in a refrigerant flowing

through the channel.

The passage portion can alternatively be provided with a pressing

pattern of elevations and/or depressions.

The invention also concerns an assortment of heat transfer plates,
which are of the same size and have central heat transfer portions of
the same shape. Each of the heat transfer plates have through holes,
so called port holes, on respective sides of its heat transfer portion for
through flow of at least one heat exchange fluid and one passage
portion which, when the heat transfer plate abuts against another heat
transfer plate in a plate heat exchanger, is adapted to delimit a distri-
bution passage for through flow of said heat exchange fluid. The
passage portion extends from one of said port holes to an area in or
near said heat transfer portion, which area has the same position in
relation to the heat transfer portion in each of the different heat

transfer plates.

The heat transfer plates of the said assortment are characterized in

that their said one port holes at the respective said passage portions
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are of different kinds and shaped such that the passage portions of

the heat transfer plates have different sizes.

By an assortment of heat transfer plates is here to be understood

at least two different kinds of heat transfer plates. In a plate heat
exchanger comprising heat transfer plates from the assortment
according to the invention, either heat transfer plates of one kind or
heat transfer plates of two or several kinds can be included. The later
alternative can be suitable if the plate package of the plate heat
exchanger comprises many heat transfer plates and, thus, long port
channels. In such long port channels the heat exchange fluids are
subjected to pressure drop. In order to obtain in this case an equal
distribution of the refrigerant between the heat transfer passages the
distribution passages, thus, may have to be differently sized along the

port channel forming an inlet of the plate heat exchanger.

Finally, the invention also concerns a plate heat exchanger com-
prising heat transfer plates of at least one kind included in the above
discussed assortment. A piate heat exchanger of this kind is charac-
terized in that the relationship between the smallest through flow area
of a distribution passage and the through flow area of said one port
hole is between 0,0002 and 0,05, preferably between 0,0007 and
0,017. These relationships as a rule are relevant for plate heat

exchangers used as evaporators in cooling systems.

The invention will now be described more closely with reference to
the accompanying drawings, in which fig. 1 shows a brazed plate

heat exchanger and fig. 2 shows a section along the line lI-il through
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the brazed plate heat exchanger in fig. 1. Fig. 3, 5, 7 and 8 show
corners of heat transfer plates having port portions according to
different embodiments of the invention. Only the port portions of the
heat transfer plates are correctly presented with respect to their
function in fig. 3, 5, 7 and 8, whereas the remaining plate portions are
only schematically shown. Fig. 4 and 6 show sections through the

heat transfer plates of fig. 3 and 5, respectively.

Fig. 1 shows a plate heat exchanger 1 designed to be used as an
evaporator in a cooling system. The plate heat exchanger 1 com-
prises heat transfer plates 2, which are provided with pressing
patterns of elevations and depressions and are brazed together to

a plate package. The heat transfer plates 2 abut against each other
such that a first and a second set of heat transfer passages are
formed between the heat transfer plates 2 for through flow of two heat
exchange fluids. Onto each one of the two outer heat transfer plates
of the plate package an end plate is brazed. One such end plate 3 is

provided with four connection pipes 4-7.

Every heat transfer plate 2 is provided with four port holes, each in

line with one of the connection pipes 4-7, respectively. The port holes
in the heat transfer plates 2 form four port channels through the piate
package. Two of the port channels, aligned with the connection pipes
4 and 5, communicate with the first set of heat transfer passages and
the other two port channels, which are aligned with the connection

pipes 6 and 7, respectively, communicate with the second set of heat
transfer passages. One of the heat exchange fluids is constituted by a

refrigerant, which is intended to flow through the first set of heat
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transfer passages of the heat exchanger from the connection pipe 4
to the connection pipe 5. Consequently, the second heat exchange
fluid is intended to flow through the second set of heat transfer
passages of the plate heat exchanger 1, suitably from the connection

pipe 6 to the connection pipe 7.

Fig. 2 shows a section through a plate heat exchanger 1 along the
line Il in fig. 1. The heat transfer plates 2 abut against each other in
pairs around two 8, 9 of their port holes, forming two port channels 10
and 11, respectively, and delimiting said first and second sets of heat
transfer passages 12, 13. The port channel 10 and the connection
pipe 5 form an outlet for the said refrigerant and are connected with
the first set of heat transfer passages 12. The connection pipe 6 and
the port channel 11 form an inlet for the second heat exchange fluid

and are connected with the second set of heat transfer passages 13.

Fig. 3 shows a corner portion of a heat transfer plate 2 according to a
preferred embodiment of the invention. In the corner portion the heat
transfer plate 2 is provided with a port hole 14 which is aligned with
the connection pipe 4 in fig. 1. When several heat transfer plates 2
abut against each other in a plate package, the port holes 14 of the
heat transfer plates 2 form the port channel which together with the
connection pipe 4 form the inlet for the refrigerant into the plate heat
exchanger. Between the port hole 14 in each heat transfer plate 2
and a heat transfer portion 15 thereof there is a passage portion in

the form of a pressed groove 16.
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Fig. 4 shows a section through four heat transfer plates 2 along the
line IV-IV in fig. 3. The heat transfer plates 2 abut in pairs against
each other around the port holes 14, the pressed grooves 16 of the
heat transfer plates of each such pair forming a distribution passage
in the shape of a channel 17. The port holes 14 form together a port
channel 18. By punching differently sized port holes 14 in the heat
transfer plates 2, for example along any of the lines 19, 20 in fig. 3,
different lengths for the distribution passage, i.e. the channel 17, can

be accomplished.

When the refrigerant flows via the channels 17 from the port
channel 18 into the heat transfer passages 12 formed between the
heat transfer portions 15 of the heat transfer plates 2, the refrigerant
is subjected to a pressure drop which is dependent on the length of
the channels 17. By adaptation of the length of the channels 17 a
desired pressure drop and, thus, an optimal evaporation of a specific

refrigerant can be obtained.

Fig. 5 shows the corner portion of a heat transfer plate 2 according to
another embodiment of the invention. The heat transfer plate 2 has a
port hole 21, which together with corresponding port holes in other
heat transfer plates 2 in a plate heat exchanger, wherein it is inclu-
ded, form the inlet channel of the refrigerant. According to this
embodiment of the invention a passage portion 22 of the heat transfer
plate 2 by pressing has been provided with a pattern of elevations
and depressions 23. Dotted lines 24, 25 mark punching lines along
which the port hole can be punched and thus be given different

diameters.
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Fig. 6 shows a section through four heat transfer plates 2 along the
line VI-VI in fig. 5. However, only every second heat transfer plate 2
is provided with elevations and depressions 23 in its passage portion.
The heat transfer plates 2 abut tightly against each other in pairs
around the ports 21 except near the passage portions, where the
abutment between the heat transfer plates 2 is such that a distribution
passage 26 is formed between the heat transfer plates 2. The length
of the distribution passage 26 can be shortened by enlargement of
the diameter of the port hole 21.

A further embodiment of the invention is shown in fig. 7. The area
around the port hole 27 of a heat transfer plate 2 is here provided
with a passage portion, in which a helically shaped groove 28 is
pressed. Also in this embodiment the length of the groove 28 can be

reduced by enlargement of the diameter of the port hole 27.

Fig. 8 shows a corner portion of a heat transfer plate 2 according to
yet another embodiment of the invention. The passage portion
between a port hole 29 and the heat transfer portion 15 of the heat
transfer plate 2 is provided with three pressed grooves 30, 31, 32

of different lengths. When the heat transfer plate 2, around the port
hole 29, abuts against another heat transfer plate, which has a port
hole of the same size, only the groove 30 will form a channel bet-
ween the edge of the port hole 29 and the heat transfer portion 15.
Upon punching out a part of the heat transfer plate 2 along lines 33
and 34, respectively, also the groove 31 and the grooves 31 and 32,
respectively, will form channels between the edge of the port hole and

the heat transfer portion 15. The more open channels are created the
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less pressure drop the refrigerant will be subjected to when it flows

from the port hole to the heat transfer portion 15.

Many more embodiments of the invention are possible. E.g. all the
heat transfer plates 2 shown in fig. 6 could be provided with eleva-
tions and depressions 23 in their passage portions 22, and in the
embodiment shown in fig. 4 only every second heat transfer plate 2
would need to be provided with a pressed groove 16. In the embodi-
ments according to fig. 3 and 4, and fig. 5 and 6, the length of the
channel 17 and the distribution passage 26, respectively, could be
changed by punching out a part of the heat transfer plates 2 in the
way shown by the lines 33 and 34 in fig. 8, instead of by enlargement
of the diameter of the port holes 14 and 21, respectively. The plate
heat exchanger 1 shown in fig. 1 could be designed for so called
diagonal flow, i.e. the refrigerant would be intended to flow through
the plate heat exchanger 1 from the connection pipe 4 to the connec-
tion pipe 6, and the other heat exchange fluid would be intended to
flow through the plate heat exchanger between the connection pipes
5and 7.

It has been suggested above that different kinds of port holes should
be shaped in heat transfer plates, the passage portions of which are
provided with grooves or other irregularities, for achievement of distri-
bution passages giving different through flow resistance. Within the
scope of the invention it is possible, however, to achieve this by
instead shaping different kinds of port holes, e.g. port holes of diffe-
rent sizes or different shapes, in heat transfer plates having comple-

tely smooth passage portions. Thus, for example the plates 2 shown
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in figure 6, which have no elevations or depressions 23 in their
passage portions, may be provided with larger port holes than the
plates 2, which have such elevations and depressions 23. Also in this
way the distribution passages in question can be given a smaller
through flow resistance than they have with the shape of the port
holes in the heat transfer plates as shown in figure 6. In other words,
if two adjacent heat transfer plates are of different kinds with respect
to the design of their passage portions, as in figure 6, the through
flow resistance, which is given by the distribution passage formed
between the heat transfer plates, can be changed by either one or the
other - or both - of the heat transfer plates being provided with larger

port holes or port holes of a different kind.

The heat transfer plates 2 according to the invention can be produced
from either separate or interconnected sheet metal pieces. In every
sheet metal piece first the port hole 14; 21; 27; 29, which is to form
part of the inlet channel of the refrigerant, can be punched and, there-
after, the passage portion can be pressed. Suitably all port holes in
every sheet metal piece are punched in the same punching operation
and, suitably, the passage portion is shaped in the same pressing
operation as the one during which the sheet metal piece is provided
with a pressing pattern in its heat transfer portion 15. The punching
and pressing operations can be performed in either one or the other

order, as mentioned earlier.
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Claims

1. A method of producing heat transfer plates (2), which are of the
same size and have central heat transfer portions (15) of the same
shape, each of the heat transfer plates (2) having through holes, so
called port holes (8, 9; 14; 21; 27; 29), on respective sides of its heat
transfer portion (15) for through flow of at least one heat exchange
fluid and one passage portion (16; 22; 28; 30, 31, 32) which, when
the heat transfer plate (2) abuts against another heat transfer plate in
a plate heat exchanger, is adapted to delimit a distribution passage
(17; 26) for through flow of said heat exchange fiuid and which
extends from one (14; 21; 27; 29) of said port holes to an area in or
near said heat transfer portion (15), which area has the same position
in relation to the heat transfer portion (15) in each of the heat transfer
plates (2), separate operations being carried out for pressing the
passage portions (16; 22; 28; 30, 31, 32) of said heat transfer

plates (2) and for punching the holes which shall form said port holes
(8, 9; 14; 21; 27; 29), respectively, characterized by
providing by said punching operation each one of separate or inter-
connected sheet metal pieces, which are to form the said heat
transfer plates (2), with holes in a way such that said one port hole
(14; 21; 27; 29) in a first sheet metal piece becomes of a different
kind than the corresponding one port hole (14; 21; 27; 29) in a
second sheet metal piece, the said one port holes (14; 21; 27; 29) of
the sheet metal pieces being shaped by the punching operation such
that they result in finished heat transfer plates (2) having differently
sized passage portions (16; 22; 28; 30, 31, 32).
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2. A method according to claim 1, in which each sheet metal piece is
first subjected to the punching operation for punching said one port
hole (14; 21; 27; 29) and thereafter subjected to the pressing opera-
tion for shaping the said passage portion (16; 22; 28; 30, 31, 32).

3. A method according to claim 1, in which each sheet metal piece
is first subjected to the pressing operation for shaping the said
passage portion (16; 22; 28; 30, 31, 32) and thereafter subjected

to the punching operation for punching said one port hole (14; 21;
27; 29).

4. A method according to any one of the preceding claims, in which
the said one port holes (14; 21; 27) of different kinds are shaped

circular but with different diameters.

5. A method according to any one of claims 1-3, in which at least
one of said one port holes (29, 33, 34) is given a shape differing from

circular shape.

6. A method according to any one of the preceding claims, in which
the pressing operation for the shaping of the said passage portion
(16; 22; 28; 30, 31, 32) of each of the heat transfer plates (2) is
carried out at the same time as the heat transfer portion (15) of this
heat transfer plate (2) is provided with a pressing pattern of depres-

sions and elevations.
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7. A method according to any one of the preceding claims, in which
the said passage portion of each of the heat transfer plates (2) is

shaped so that it forms a groove (16; 28).

8. A method according to any one of the claims 1-6, in which the
said passage portion (22) of each of the heat transfer plates (2)
is provided with a pressing pattern of elevations and/or depres-
sions (23).

9. An assortment of heat transfer plates (2), which are of the same
size and have central heat transfer portions (15) of the same shape,
each of the heat transfer plates (2) having through holes, so called
port holes (8, 9; 14; 21; 27; 29), on respective sides of its heat
transfer portion (15) for through flow of at least one heat exchange
fluid and one passage portion (16; 22; 28; 30, 31, 32) which, when
the heat transfer plate (2) abuts against another heat transfer plate in
a plate heat exchanger, is adapted to delimit a distribution passage
(17; 26) for through flow of said heat exchange fluid and which
extends from one (14; 21; 27; 29) of said port holes to an area in or
near said heat transfer portion (15), which area has the same position
in relation to the heat transfer portion (15) in each of the different heat
transfer plates, characterized in thatthe said one port
holes (14; 21; 27; 29) of the heat transfer plates (2) at the respective
said passage portions (16; 22; 28; 30, 31, 32) are of different kinds
and are shaped such that the passage portions (16; 22; 28; 30, 31,

32) of the heat transfer plates (2) have different sizes.
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10. An assortment of heat transfer plates according to claim 9, in
which the said passage portions (16; 28; 30, 31, 32) of the respective
heat transfer plates (2) form grooves (16; 28; 30, 31, 32) having
different lengths.

11. An assortment of heat transfer plates (2) according to claim 9, in
which the said passage portions (22) of the respective heat transfer
plates (2) are provided with pressing patterns of elevations and/or

depressions (23).

12. An assortment of heat transfer plates (2) according to any one of
the claims 9-11, in which the said one port holes (14, 21; 27) of

different kinds are circular but have different diameters.

13. An assortment of heat transfer plates (2) according to any one of
the claims 9-11, in which at least one of said one port holes (29, 33,

34) of different kinds has a shape differing from circular shape.

14. A plate heat exchanger comprising heat transfer plates (2) of at
least one kind being included in an assortment according to any one
of the claims 9-13, each of said heat transfer plates (2) having a
central heat transfer portion (15), through holes, so called port holes
(8, 9; 14; 21; 27; 29), on respective sides of its heat transfer portion
(15) for through flow of at least one heat exchange fluid and a
passage portion (16; 22; 28; 30, 31, 32), which is adapted to delimit
a distribution passage (17; 26) between two adjacent heat transfer
plates (2) in a plate heat exchanger for through flow of said heat

exchange fluid and which extends from one (14; 21; 27; 29) of said
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port holes to an area in or near said heat transfer portion (15), which
area has the same position in relation to the heat transfer portion (15)
in the different heat transfer plates (2), characterized in
that the relationship between the smallest through flow area of said

5 distribution passage (17; 26) and the through flow area of said one
port hole (14; 21; 27; 29) is between 0,0002 and 0,05, preferably
between 0,0007 and 0,017.
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