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A plate heat exchanger
TECHNICAL FIELD OF THE INVENTION

The present invention refers to a plate heat exchanger,
Such a plate heat exchanger is
disclosed in US 6,164,371.

BACKGROUND OF THE INVENTION AND PRIOR ART

Such prior art plate heat exchangers for three media may have
six ports, wherein four of the ports will be open to one plate in-
terspace, closed to the following two plate interspaces, open to
the following one plate interspace, closed to the following two
plate interspace and so forth. The plate heat exchanger dis-
closed in US-6,164,371 is disadvantageous due to weakness
around these four ports and therefore susceptible to collapsing.
Every third plate interspace is closed at these four ports by
means of portholes with a smaller diameter than the adjacent
portholes. The outer flat area of the portholes with smaller di-
ameter extends a longer distance into the port. In addition to re-
ducing the free flow area of the ports, this solution results in a
weakening of the heat exchanger plates in the area of these four
portholes.

SUMMARY OF THE INVENTION

The object of the present invention is to overcome the problems
discussed above and to provide an improved plate heat ex-
changer having plate interspaces for three different media.

This object is achieved by the plate heat exchanger initially de-
fined, which is characterized in that the inner flat areas of the
portholes of the second inlet and outlet ports of the heat ex-
changer plates, that enclose the second plate interspaces, are
located at a distance from each other, and that the inner flat ar-

Date Regue/Date Received 2020-11-20
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eas of the portholes of the second inlet and outlet ports of the
heat exchanger plates, that enclose the third plate interspaces,
adjoin each other and are located at one of the top plane and
the bottom plane.

Thanks to the feature that the outer flat area of the portholes of
all ports of all heat exchanger plates is located at one of the top
plane and the bottom plane, the outer flat area of all heat ex-
changer plates will adjoin another outer flat area of an adjacent
heat exchanger plate in the plate package. This structure en-
sures a high strength at the ports of the plate heat exchanger.

Thanks to the feature that the inner flat areas of the portholes of
the second inlet and outlet ports of the heat exchanger plates,
that enclose the second plate interspaces, are located at a dis-
tance from each other and from the top and bottom planes (6,7),
for instance between the bottom plane and the top plane, the
second inlet and outlet ports may communicate with the second
plate interspaces.

Thanks to the feature that the inner flat areas of the portholes of
the second inlet and outlet ports of the heat exchanger plates
that enclose the third plate interspaces adjoin each other and
are located at one of the top plane and the bottom plane, the
inner flat areas of the portholes of the second inlet and outlet
ports of the heat exchanger plates that enclose the third plate
interspaces will adjoin each other for all heat exchanger plates
enclosing the third plate interspaces.

According to an embodiment of the invention, the inner flat are-
as of the portholes of the third inlet and outlet ports of the heat
exchanger plates, that enclose the third plate interspaces, are
located at a distance from each other and from the top and bot-
tom planes (6,7), for instance between the bottom plane and the
top plane, wherein the inner flat areas of the portholes of the
third inlet and outlet ports of the heat exchanger plates, that en-
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close the second plate interspaces, adjoin each other and are
located at one of the top plane and the bottom plane. Conse-
guently, the third inlet and outlet ports of the plates enclosing
the third plate interspaces may be configured in the same way
as the second inlet and outlet portion of the heat exchanger
plates enclosing the third plate interspaces.

According to a further embodiment of the invention, the outer
flat area of the portholes of the first inlet and outlet ports of the
heat exchanger plates adjoins the corrugation of the heat ex-
changer area. Thus, there is no inner flat area surrounding the
outer flat area of the portholes of the first inlet and outlet ports.

According to a further embodiment of the invention, each of the
portholes of the second inlet port has a diameter that is equal
for all heat exchanger plates of the plate package.

According to a further embodiment of the invention, each of the
portholes of the second outlet port has a diameter that is equal
for all heat exchanger plates of the plate package.

According to a further embodiment of the invention, each of the
portholes of the third inlet port has a diameter that is equal for
all heat exchanger plates of the plate package.

According to a further embodiment of the invention, each of the
portholes of the third outlet port has a diameter that is equal for
all heat exchanger plates of the plate package.

According to a further embodiment of the invention, the diameter
of the portholes of the second inlet port is equal to the diameter
of the portholes of the third inlet port.

According to a further embodiment of the invention, the diameter
of the portholes of the second outlet port is equal to the diame-
ter of the portholes of third outlet ports.
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According to a further embodiment of the invention, the heat ex-
changer plates comprises first heat exchanger plates and sec-
ond heat exchanger plates provided in an alternating order in
the plate package.

According to a further embodiment of the invention, each of the
second plate interspaces is provided between one of the second
heat exchanger plates and one of the first heat exchanger
plates, and each of the third plate interspaces is provided be-
tween one of the second heat exchanger plates and one of the
first heat exchanger plates.

According to a further embodiment of the invention, the inner flat
areas of the portholes of the second inlet and outlet ports of the
first heat exchanger plates, that adjoin the third plate interspac-
es, is located at the bottom plane.

According to a further embodiment of the invention, the inner flat
areas of the portholes of the second inlet and outlet ports of the
second heat exchanger plates, that adjoin the third plate inter-
spaces, is located at the top plane.

According to a further embodiment of the invention, the inner flat
areas of the portholes of the third inlet and outlet ports of the
first heat exchanger plates, that adjoin the second plate inter-
spaces, is located at the top plane.

According to a further embodiment of the invention, the inner flat
areas of the portholes of the third inlet and outlet ports of the
second heat exchanger plates, that adjoin the second plate in-
terspaces, is located at the bottom plane.

According to a further embodiment of the invention, each of the
first plate interspaces is provided between one of the first heat
exchanger plates and one of the second heat exchanger plates.
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According to a further embodiment of the invention, the first heat
exchanger plates comprise a first end plate that adjoins an
outermost one of the first plate interspaces, and the second heat
exchanger plates comprise a second end plate that adjoins an-
other outermost one of the first plate interspaces.

According to a further embodiment of the invention, the inner flat
area of the portholes of the second inlet and outlet ports and the
third inlet and outlet ports of the first end plate is located at the
top plane. The inner flat areas of the first end plate may thus
adjoin a frame plate of the plate heat exchanger.

According to a further embodiment of the invention, the inner flat
area of the portholes of the second inlet and outlet ports and of
the third inlet and outlet ports of the second end plate is located
at the bottom plane. The inner flat areas of the second end plate
may thus adjoin a pressure plate of the plate heat exchanger.

BRIEF DESCRIPTION OF THE DRAWING

The present invention is now be explained more closely through
a description of various embodiments and with reference to the
drawings attached hereto.

Fig 1 discloses a front view of a plate heat exchanger accord-
ing to an embodiment of the invention.

Fig 2 discloses a side view of the plate heat exchanger in Fig 1.
Fig 3 discloses a sectional view along the line IlI-lll in Fig 1.
Fig 4 discloses a sectional view along the line IV-IV in Fig 1.

Fig 5 discloses a first heat exchanger plate of the plate heat
exchanger in Fig 1.
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Fig 6 discloses a second heat exchanger plate of the plate heat
exchanger in Fig 1.

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

Figs 1 to 4 disclose a plate heat exchanger comprising a plate
package of heat exchanger plates A, A’, A", B, B’, B”. The heat
exchanger plates A, A’, A”, B, B’, B"” are stacked onto each oth-
er to form first plate interspaces 1 for a primary medium, second
plate interspaces 2 for a first secondary medium and third plate
interspaces 3 for a second secondary medium.

The primary medium may be a heating or cooling medium, for
instance hot or cold water. The first secondary medium may be
a first refrigerant to be evaporated or condensed. The second
secondary medium may be a second refrigerant to be evapo-
rated or condensed.

As can be seen in Figs 3 and 4, the plate interspaces 1-3 are
arranged in the following order: a first plate interspace 1, a sec-
ond plate interspace 2, a first plate interspace 1, a third plate
interspace 3, a first plate interspace 1, a second plate inter-
space 2, a first plate interspace 1, a third plate interspace 3, a
first plate interspace 1, a second plate interspace 2, a first plate
interspace 1, a third plate interspace 3 and a first plate inter-
space 1. In the embodiments disclosed, the plate heat exchang-
er comprises 13 plate interspaces 1-3. This is only an example,
and it should be noted that the plate heat exchanger may com-
prise a smaller or larger number of plate interspaces 1-3.

Each heat exchanger plate A, A’, A", B, B’, B” extends in paral-
lel with an extension plane p and comprises a heat exchanger
area 4 with a corrugation 5, see Figs 5 and 6. The corrugation 5
extends between a top plane 6 and a bottom plane 7, see Figs 3
and 4. The top plane 6 and the bottom plane 7 are parallel to
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each other and to the extension plane p. The extension plane p
forms a central plane extending in the middle between the top
plane 6 and the bottom plane 7.

The corrugation 5 is formed by ridges and valleys. In the embod-
iments disclosed, the corrugation 5 of ridges and valleys ex-
tends to a longitudinal center axis x and forms an angle of incli-
nation with the longitudinal center axis x. The corrugation 5
formg an arrow pattern, as can be seen in Figs 5 and 6. Other
kinds of corrugations 5 are possible.

The plate heat exchanger and the plate package also comprises
a frame plate 8 on one side of the heat exchanger plates A, A’,
A, B, B, B’ and a pressure plate 9 on the other side of the
heat exchanger plates A, A’, A", B, B’, B". As can be seen in
Figs 3 and 4 also the frame plate 8 and the pressure plate 9 ex-
tend in parallel with the extension planes p of the heat exchang-
er plates A, A’, A”, B, B, B".

The plate heat exchanger and the plate package comprises six
ports 11, 12, 21, 22, 31, 32 as can be seen in Fig 1. The ports
11,12, 21, 22, 31, 32 extend through the heat exchanger plates
A, A, A", B, B, B” and through the frame plate 8.

The ports 11, 12, 21, 22, 31 and 32 comprise first inlet and out-
let ports 11, 12, second inlet and outlet ports 21, 22 and third
inlet and outlet ports 31, 32.

The first inlet port 11 and the first outlet port 12 communicate
with the first plate interspaces 1, and permit the supply and dis-
charge of the primary medium to and from the first plate inter-
spaces 1. The first inlet and outlet ports 11, 12 are closed to the
second and third plate interspaces 2, 3.

The second inlet port 21 and the second outlet port 22 com-
municate with the second plate interspaces 2, and permit the
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supply and discharge of the first secondary medium to and from
the second plate interspaces 2. The second inlet and outlet
ports 21, 22 are closed to the first and third plate interspaces 1,
3.

The third inlet port 31 and the third outlet port 32 communicate
with the third plate interspaces 3, and permit the supply and dis-
charge of the second secondary medium to and from the third
plate interspaces 3. The third inlet and outlet ports 31, 32 are
closed to the first and second plate interspaces 1, 2.

In the embodiments disclosed, the second inlet and outlet 21, 22
are located to the left in Fig 1, and the third inlet and outlet 31,
32 to the right in Fig 1. However, the flow of the first secondary
and second secondary media may alternatively extend diagonal-
ly, so that the second inlet 21 and the third outlet 32 are located
to the left and the second outlet 22 and third inlet 31 to the right
in Fig 1.

Each of the ports 11, 12, 21, 22, 31 and 32 is formed by a port-
hole 14 through each of the heat exchanger plates A, A’, A”, B,
B', B, see Figs 5 and 6. Each porthole 14 is surrounded by an
outer flat area 15. The outer flat area 15 forms or defines a
porthole edge 16 of the porthole 14. The outer flat area 15 is
annular and extends in parallel with the extension plane p.

The outer flat area 15 of portholes 14 the second inlet and outlet
ports 21, 22 and of the third inlet and outlet ports 31, 32 is sur-
rounded by an inner flat area 17, see Figs 5 and 6. The inner
flat area 17 is annular and extends in parallel with the extension
plane p.

The outer flat area 15 of the portholes 14 of the first inlet and
outlet ports 11, 12 adjoins the corrugation 5 of the heat ex-
changer area 4, see Figs 5 and 6. Thus, there is no annular in-
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ner flat area around the outer flat area 15 of the portholes 14 of
the first inlet and outlet ports 11, 12.

Each of the heat exchanger plates A, A’, A, B, B’, B” comprises
an edge flange 18 that extends around the heat exchanger area
4. The edge flange 18 forms an angle of inclination to the exten-
sion plane p.

The heat exchanger plates A, A’, A”, B, B’, B” comprise first
heat exchanger plates A, A’ A", see Fig 5, and second heat ex-
changer plates B, B’, B”, see Fig 6. The first and second heat
exchanger plates A, A’, A", B, B’, B"" are provided in an alternat-
ing order in the plate package.

The corrugation 5 of ridges and valleys forms an arrow along a
first direction on the first heat exchanger plates A, A’, A” and
along a second direction on the second heat exchanger plates
B, B’, B”, which is opposite to the first direction, as can be seen
in Figs 5 and 6.

In the plate package, the edge flanges 18 of the first and second
heat exchanger plates A, A’, A”, B, B, B” extend in the same
direction. Possibly, the edge flange 18 of the first heat exchang-
er plates A, A’, A" may extend from the top plane 6, and the
edge flange 18 of the second heat exchanger plates B, B, B”
may extend from the bottom plane 7.

Each of the first plate interspaces 1 is provided between one of
the first heat exchanger plates A, A’, A” and one of the second
heat exchanger plates B, B’, B” seen from the frame plate 8, or
from an open end of the ports 11, 12, 21, 22, 31, 32. Each of the
second plate interspaces 2 is provided between one of the sec-
ond heat exchanger plates B, B’, B" and one of the first heat ex-
changer plates A, A’, A” seen from the frame plate 8, or from an
open end of the ports 11, 12, 21, 22, 31, 32. Each of the third
plate interspaces 3 is provided between one of the second heat
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exchanger plates B, B’, B” and one of the first heat exchanger
plates A, A, A", seen from the frame plate 8, or from an open
end of the ports 11, 12, 21, 22, 31, 32.

Each of the portholes 14 of the second inlet port 21 has a diam-
eter d that is equal for all heat exchanger plates A, A', A", B, B’,
B" of the plate package. Each of the portholes 14 of the third
inlet port 31 has a diameter d that is equal for all heat exchang-
er plates A, A’, A", B, B, B” of the plate package. The diameter
of the portholes 14 of the second inlet port 21 may be equal to
the diameter of the portholes 14 of the third inlet port 31.

Each of the portholes 14 of the second outlet port 22 has a di-
ameter d that is equal for all heat exchanger plates A, A’, A”, B,
B’, B” of the plate package. Each of the portholes 14 of the third
outlet port 32 has a diameter d that is equal for all heat ex-
changer plates A, A’, A”, B, B’, B"” of the plate package. The di-
ameter of the portholes 14 of the second outlet port 22 may be
equal to the diameter d of the portholes 14 of the third outlet
port 32.

The outer flat area 15 of the portholes of the ports 11, 12, 21,
22, 31, 32 of the heat exchanger plates A, A’, A", B, B, B is
located at and is parallel with one of the top plane 6 and the
bottom plane 7.

More specifically, the outer flat area 15 of the portholes 14 of
the second inlet port 21, the second outlet port 22, the third inlet
port 31 and the third outlet port 32 of the first heat exchanger
plates A, A’, A" is located at the bottom plane 7. The outer flat
area 15 of the portholes 14 of the first inlet port 11 and the first
outlet port 12 of the first heat exchanger plates A, A", A" is lo-
cated at the top plane 6.

In a corresponding manner, the outer flat area 15 of the port-
holes 14 of the second inlet port 21, the second outlet port 22,
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the third inlet port 31 and the third outlet port 32 of the second
heat exchanger plates B, B’, B is located at the top plane 6.
The outer flat area 15 of the portholes 14 of the first inlet port
11 and the first outlet port 12 of the second heat exchanger
plates B, B’, B” is located at the bottom plane 7.

The inner flat areas 17 of the portholes 14 of the second inlet
and outlet ports 21, 22 of the heat exchanger plates B, A, that
enclose a respective second plate interspace 2, are located at a
distance from each other, and in the embodiments disclosed be-
tween the bottom plane 7 and the top plane 6.

The inner flat areas 17 of the portholes 14 of the third inlet and
outlet ports 31, 32 of the heat exchanger plates B’, A’, that en-
close a respective third plate interspace 3, are located at a dis-
tance from each other, and in the embodiments disclosed be-
tween the bottom plane 7 and the top plane 6.

The inner flat areas 17 of the portholes 14 of the second inlet
and outlet ports 21, 22 of the first heat exchanger plates A’ that
adjoin a respective third plate interspace 3, is located at the top
plane 6.

The inner flat areas 17 of the portholes 14 of the second inlet
and outlet ports 21, 22 of the second heat exchanger plates B’
that adjoin a respective third plate interspace 3, is located at the
bottom plane 7.

In a corresponding manner, the inner flat areas 17 of the port-
holes 14 of the third inlet and outlet ports 31, 32 of the first heat
exchanger plates A, that adjoin a respective second plate inter-
space 2, is located at the top plane 6.

The inner flat areas 17 of the portholes 14 of the third inlet and
outlet ports 31, 32 of the second heat exchanger plates B, that
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adjoin a respective second plate interspace 2, is located at the
bottom plane 7.

The first heat exchanger plates A, A’, A” comprise a first end
plate A" that adjoins an outermost one of the first plate inter-
spaces 1 and the frame plate 8. The second heat exchanger
plates B, B, B” comprise a second end plate B” that adjoins the
other outermost one of the first plate interspaces 1 and the
pressure plate 9. The first end plate A” is modified in relation to
the first heat exchanger plates A, A’ in that the inner flat area 17
of the portholes 14 of the second inlet and outlet ports is located
at the top plane 7. The second end plate B" is modified in rela-
tion to the second heat exchanger plates B, B’ in that the inner
flat area 17 of the portholes 14 of the third inlet port 31 and the
second inlet port 32 is located at the bottom plane 7.

According to an alternative embodiment, the outer flat area 15 of
the portholes 14 of the first inlet and outlet ports 11, 12 may be
surrounded by an inner flat area 17 in the same way as the
portholes 14 of the second and third inlet and outlet ports 21,
22, 31, 32. The inner flat area 17 of the portholes 14 of the first
inlet and outlet ports 11, 12 is then located between the top
plane 6 and the bottom plane 7 to permit communication for the
first medium between the first inlet and outlet ports 11, 12 and
the first plate interspaces 1.

The present invention is not limited to the embodiments dis-
closed above, but may be varied and modified within the scope
of the following claims.
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Claims

1. A plate heat exchanger comprising a plate package of heat exchanger plates
being stacked onto each other to form first plate interspaces for a primary medium,
second plate interspaces for a first secondary medium, and third plate interspaces
for a second secondary medium, wherein each of the heat exchanger plates
extends in parallel with an extension plane and comprises a heat exchanger area
with a corrugation that extends between a top plane and a bottom plane, which are
parallel to each other and to the extension plane,
wherein the plate package comprises six ports extending through the heat
exchanger plates and comprising

a first inlet port and a first outlet port for the supply and discharge of the
primary medium to and from the first plate interspaces,

a second inlet port and a second outlet port for the supply and discharge of
the first secondary medium to and from the second plate interspaces, and

a third inlet port and a third outlet port for the supply and discharge of the
second secondary medium to and from the third plate interspaces,
wherein each of the ports is formed by a porthole through each of the heat
exchanger plates,
wherein each porthole is surrounded by an outer flat area, which forms a porthole
edge,
wherein the outer flat area of the second inlet and outlet ports and the third inlet
and outlet ports is surrounded by an inner flat area, and
wherein the outer flat area of the portholes of the ports of the heat exchanger plates
is located at one of the top plane and the bottom plane,
wherein the inner flat areas of the portholes of the second inlet and outlet ports of
the heat exchanger plates, that enclose the second plate interspaces, are located
at a distance from each other and from the top and bottom planes, and that the
inner flat areas of the portholes of the second inlet and outlet ports of the heat
exchanger plates, that enclose the third plate interspaces, adjoin each other and

are located at one of the top plane and the bottom plane.

Date Regue/Date Received 2020-11-20
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2. A plate heat exchanger according to claim 1, wherein the inner flat areas of
the portholes of the third inlet and outlet ports of the heat exchanger plates, that
enclose the third plate interspaces, are located at a distance from each other and
from the top and bottom planes, and wherein the inner flat area of the portholes of
the third inlet and outlet ports of the heat exchanger plates, that enclose the second
plate interspaces, adjoin each other and are located at one of the top plane and

the bottom plane.

3. Aplate heat exchanger according to claim 1 or claim 2, wherein the outer flat
area of the portholes of the first inlet and outlet ports of the heat exchanger plates

adjoins the corrugation of the heat exchanger area.

4. A plate heat exchanger according to any one of claims 1 to 3, wherein each
of the portholes of the second inlet port has a diameter that is equal for all heat

exchanger plates of the plate package.

5. A plate heat exchanger according to any one of claims 1 to 4, wherein each
of the portholes of the second outlet port has a diameter that is equal for all heat

exchanger plates of the plate package.

6. A plate heat exchanger according to any one of claims 1 to 5, wherein each
of the portholes of the third inlet port has a diameter that is equal for all heat

exchanger plates of the plate package.

7. A plate heat exchanger according to any one of claims 1 to 6, wherein each
of the portholes of the third outlet ports has a diameter that is equal for all heat

exchanger plates of the plate package.
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8. A plate heat exchanger according to any one of claims 1 to 7, wherein the
heat exchanger plates comprise first heat exchanger plates and second heat

exchanger plates provided in an alternating order in the plate package.

9. A plate heat exchanger according to claim 8, wherein each of the second
plate interspaces is provided between one of the second heat exchanger plates
and one of the first heat exchanger plates, and each of the third plate interspaces
is provided between one of the second heat exchanger plates and one of the first

heat exchanger plates.

10. A plate heat exchanger according to claim 8 or claim 9, wherein the inner
flat areas of the portholes of the second inlet and outlet ports of the first heat

exchanger plates, that adjoin the third plate interspaces, is located at the top plane.

11. A plate heat exchanger according to any one of claims 8 to 10, wherein the
inner flat areas of the portholes of the second inlet and outlet ports of the second
heat exchanger plates, that adjoin the third plate interspaces, is located at the

bottom plane.

12. A plate heat exchanger according to any one of claims 8 to 11, wherein the
inner flat areas of the portholes of the third inlet and outlet ports of the first heat
exchanger plates, that adjoin the second plate interspaces, is located at the top

plane.

13. A plate heat exchanger according to any one of claims 8 to 12, wherein the
inner flat areas of the portholes of the third inlet and outlet ports of the second heat
exchanger plates, that adjoin the second plate interspaces, is located at the bottom

plane.
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14.  Aplate heat exchanger according to any one of claims 8 to 13, wherein each
of the first plate interspaces is provided between one of the first heat exchanger

plates and one of the second heat exchanger plates.

15. A plate heat exchanger according to any one of claims 8 to 14, wherein the
first heat exchanger plates comprise a first end plate that adjoins an outermost one
of the first plate interspaces, and the second heat exchanger plates comprise a

second end plate that adjoins another outermost one of the first plate interspaces.
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