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(54) A HEAT EXCHANGER PLATE, AND A PLATE HEAT EXCHANGER

(57) A heat exchanger plate (1) for a plate heat ex-
changer comprises a heat exchanger area (4) extending
in parallel with an extension plane and comprising a pri-
mary corrugation (10). The heat exchanger area com-
prises at least three sides (5, 6). A longitudinal central
axis (x) extends in parallel with the extension plane
through at least one of the sides. A plurality of portholes
(9) extends through the heat exchanger area. An edge
flange (8) extends outside and around the heat exchang-
er area along the sides. The edge flange is inclined in
relation to the extension plane. The edge flange compris-
es a secondary corrugation (20) of ridges (21) and valleys
(22).
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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention refers to a heat exchang-
er plate for a plate heat exchanger, the heat exchanger
plate comprising
a heat exchanger area extending in parallel with an ex-
tension plane and comprising a primary corrugation and
at least three sides,
a longitudinal central axis extending in parallel with the
extension plane through at least one of the sides,
a plurality of portholes extending through the heat ex-
changer area, and
an edge flange extending outside and around the heat
exchanger area along the sides, wherein the edge flange
is inclined in relation to the extension plane.
[0002] The invention also refers to a plate heat ex-
changer comprising a plurality of heat exchanger plates.

BACKGROUND OF THE INVENTION AND PRIOR ART

[0003] A heat exchanger plate of this kind is disclosed
in US-8,061,416. One problem with such heat exchanger
plates of the prior art is that the plates after the pressing
operation will have a slightly curved, banana-like shape
when seen from the side along the longitudinal central
axis. This bending is due to the spring-back of the cor-
rugated heat exchanger area after the pressing operation
has been finished, and the fact that the inclined edge
flange has a high stiffness. The stiff edge flange does
not permit any spring-back corresponding to the one of
the heat exchanger area. The curved, and relatively rigid,
shape is disadvantageous when the plate heat exchang-
er is assembled.
[0004] EP-2370773 discloses another heat exchanger
plate comprising a corrugated heat exchanger area and
an inclined edge flange extending outside and around
the heat exchanger area. A reinforcement portion having
a pressed pattern, comprising upper and lower surfaces,
is provided outside the edge flange. The reinforcement
portion extends along a plane parallel to the extension
plane of the heat exchanger plate.

SUMMARY OF THE INVENTION

[0005] The object of the present invention is to remedy
the problems discussed above. In particular, it is aimed
at a heat exchanger plate having a more flat extension
after the pressing operation has been finished.
[0006] This object is achieved by the heat exchanger
plate initially defined, which is characterized in that the
inclined edge flange comprises a secondary corrugation
of ridges and valleys.
[0007] The secondary corrugation will provide the in-
clined edge flange with an elasticity at least along the
longitudinal central axis.
[0008] The heat exchanger plate will thus have a flat

or plane extension in parallel with the extension plane
after the pressing operation has been finished and before
the heat exchanger plate is to be stacked onto other heat
exchanger plates of a plate heat exchanger. The previous
slightly curved shape will be avoided. The inclined edge
flange will have a reduced stiffness so that spring-back
of both the heat exchanger area and the inclined edge
flange is permitted.
[0009] The primary corrugation may have various ge-
ometrical shapes, and may, for instance, comprise or
consist of ridges and valleys, dimples or similar spot
shaped depressions and/or protrusions.
[0010] The corrugated edge flange makes the heat ex-
changer plate less sensitive to bending of the plate. If the
heat exchanger plate is bent greatly, no dents or other
permanent deformation will remain, but the heat ex-
changer plate may return to the original shape.
[0011] The heat exchanger plate of the present inven-
tion will also provide an improved resistance against ther-
mal fatigue along the longitudinal central axis of the ex-
tension plane, an improved burst pressure resistance
due to larger brazing surface area in the direction per-
pendicular to the extension plane, and an improved pres-
sure fatigue resistance.
[0012] The secondary corrugation of the edge flange
also contributes to an improved locking of the heat ex-
changer plates when they are stacked on each other.
The position of the heat exchanger plates relative to each
other is determined. There is no, or a reduced, risk that
the heat exchanger plates are locked against each other
in an incorrect position, which means that the risk of miss-
ing or defect brazing points is reduced.
[0013] Since the secondary corrugation is elastic and
flexible, the heat exchanger plates are more flexible and
thus easily stacked onto each other when the plate heat
exchanger is assembled.
[0014] The corrugated edge flanges of the heat ex-
changer plates may flex to a tight abutment against each
other. With a small inclination angle of the edge flange,
a close fit ensures tight abutment and material contact.
[0015] Thanks to the secondary corrugation of the
edge flange, a turbulent flow, or more turbulent flow, is
obtained along edge flange. Such turbulent flow impedes
bypass along and in the proximity of the edge flange, and
increases the alpha value of the plate heat exchanger.
[0016] In addition, the secondary corrugation of the
edge flange may cause a turbulent flow around ports,
which impedes freezing in these areas.
[0017] A further advantage of the secondary corruga-
tion is that it is grip friendly, which means that a plate
heat exchanger having heat exchanger plates with the
secondary corrugation will be easier to grip and hold
along the long sides.
[0018] Thanks to the secondary corrugation of the
edge flange, the plate heat exchanger will present a larg-
er surface towards the environment, which means that
cooling and/or heating may be more rapid.
[0019] According to an embodiment of the invention,
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the ridges and valleys of the secondary corrugation ex-
tend along a secondary direction away from extension
plane of the heat exchanger area. The secondary direc-
tion crosses the extension plane.
[0020] According to a further embodiment of the inven-
tion, the edge flange has a root end at the heat exchanger
area, and an outer end, wherein the edge flange is in-
clined from the root end to the outer end. Advantageous-
ly, the edge flange may be inclined with an inclination
angle that is constant from the root end to the outer end.
[0021] According to a further embodiment of the inven-
tion, the primary corrugation extends to the root end of
the edge flange. For instance, ridges and valleys of the
primary corrugation may extend to the root end of the
edge flange.
[0022] According to a further embodiment of the inven-
tion, the ridges and the valleys of the secondary corru-
gation extend from the root end to the outer end.
[0023] According to a further embodiment of the inven-
tion, the edge flange comprises a transition zone, which
extends between the primary corrugation and the sec-
ondary corrugation, wherein the secondary corrugation
extends from the transition zone to the outer end.
[0024] According to a further embodiment of the inven-
tion, the primary corrugation comprises ridges and val-
leys.
[0025] According to a further embodiment of the inven-
tion, the ridges of the primary corrugation extend into and
continue in a respective one of the ridges of the second-
ary corrugation.
[0026] According to a further embodiment of the inven-
tion, the primary corrugation has a primary pitch and the
secondary corrugation has a secondary pitch. The pri-
mary pitch may be equal to the secondary pitch.
[0027] According to a further embodiment of the inven-
tion, the ridges of the primary corrugation are disconnect-
ed from the ridges of the secondary corrugation. Thus,
the transition zone may have no corrugation or provide
an even surface between the heat exchanger area and
the edge flange.
[0028] According to a further embodiment of the inven-
tion, primary pitch differs from the secondary pitch.
[0029] According to a further embodiment of the inven-
tion, the ridges of the primary corrugation are shifted in
relation to the ridges of the secondary corrugation.
[0030] According to a further embodiment of the inven-
tion, the ridges and valleys of the primary corrugation
extend along a primary direction crossing the longitudinal
central axis. For instance, the ridges and valleys may
extend along one direction from one of the long sides to
the other long side, or the ridges and valleys may extend
along two directions which meet at the longitudinal cen-
tral axis, thus forming a fishbone pattern.
[0031] According to a further embodiment of the inven-
tion, the at least three sides comprise two opposite long
sides and two opposite short sides.
[0032] According to a further embodiment of the inven-
tion, the secondary corrugation is provided on the edge

flange at least along the long sides, or along the whole
length of the long sides.
[0033] According to a further embodiment of the inven-
tion, the secondary corrugation provided on the edge
flange along the short sides.
[0034] According to a further embodiment of the inven-
tion, the short sides and the long sides are connected to
each other by four curved corners, wherein the second-
ary corrugation is provided on the edge flange along the
curved corners. The secondary corrugation of the edge
flange, especially at the corners, provides a better han-
dling of excess material of the edge flange. The second-
ary corrugation forms a controlled folding of the edge
flange. Thus, undesired folds and portions of thicker ma-
terial as a result of the pressing operation can be avoided.
The pressing operation may be performed without any
plate holders holding the heat exchanger plate during the
pressing operation.
[0035] The object is also achieved by the plate heat
exchanger initially defined, comprising a plurality of heat
exchanger plates as defined above.
[0036] The plate heat exchanger according to the in-
vention will take advantage of the technical advantages
and properties of the heat exchanger plates explained
above. Although the individual heat exchanger plates ac-
cording to the invention has a greater flexibility, the
brazed plate heat exchanger will have a higher bending
stiffness and higher rigidity.
[0037] According to a further embodiment of the inven-
tion, the heat exchanger plates are permanently joined
to each other. Such permanent joining may be obtained
through bonding, brazing, welding, gluing etc. Thanks to
the secondary corrugation and the flexibility of the edge
flange, less deadweight is needed to be put on the plate
heat exchanger during the brazing process.
[0038] According to a further embodiment of the inven-
tion, the ridges of the secondary corrugation of one of
the heat exchanger plates adjoin, or abut, the ridges of
the secondary corrugation of the heat exchanger plates
provided adjacent to said one heat exchanger plate. More
precisely, the whole surface of the edge flange of one
heat exchanger plate may thus adjoin the whole surface
of the edge flange of the adjacent heat exchanger plate
or plates. This contributes to the improved stiffness and
improved strength of the plate heat exchanger according
to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The present invention is now to be explained
more closely through a description of various embodi-
ments and with reference to the drawings attached here-
to.

Fig 1 discloses a plan view of a plate heat exchanger
according to a first embodiment of the invention.

Fig 2 discloses a longitudinal section through the
plate heat exchanger along the line II-II in Fig 1.
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Fig 3 discloses a side view of the plate heat exchanger
in Fig 1.

Fig 4 discloses a plan view of a heat exchanger plate
of the plate heat exchanger in Fig 1.

Fig 5 discloses a side view of the heat exchanger plate
in Fig 4.

Fig 6 discloses a perspective view of a part of an edge
flange of the heat exchanger plate in Fig 4.

Fig 7 discloses a side view of a heat exchanger plate
of a second embodiment of the invention.

Fig 8 discloses a plane view of a heat exchanger plate
according to a third embodiment of the inven-
tion.

Fig 9 discloses a side view of a heat exchanger plate
according to a fourth embodiment of the inven-
tion.

DETAILED DESCRIPTION OF VARIOUS EMBODI-
MENTS

[0040] Figs 1 to 3 disclose a plate heat exchanger com-
prising a plurality of heat exchanger plates 1 arranged
beside each other in the plate heat exchanger. The heat
exchanger plates 1 are permanently joined to each other.
In the embodiments disclosed, the heat exchanger plates
are permanently joined to each other through brazing. It
should be noted that other joining techniques are also
possible, such as bonding, welding, gluing etc.. The heat
exchanger plates 1 may also be non-permanently joined
to each other, for instance by means of tie bolts.
[0041] Each of the heat exchanger plates 1 extends in
parallel with an extension plane p.
[0042] The heat exchanger plates 1 are arranged side
by side in such in a way that first plate interspaces 2 for
a first fluid and second plate interspaces 3 for a second
fluid are formed.
[0043] The first plate interspaces 2 and the second
plate interspaces 3 are provided side by side in an alter-
nating order in the plate heat exchanger, as can be seen
in Fig 2.
[0044] Each of the heat exchanger plates 1 comprises
a heat exchanger area 4 extending in parallel with the
extension plane p, see Fig 4.
[0045] The heat exchanger area 4 may comprise, or
be limited by, at least three sides, and may have a trian-
gular, rectangular, pentagonal or any other suitable
shape.
[0046] In the embodiments disclosed, the heat ex-
changer plates 1 are rectangular, or substantially rectan-
gular, with two opposite long sides 5 and two opposite
short sides 6. The short sides 6 and the long sides 5 are
connected to each other by four curved corners 7. A lon-
gitudinal central axis x extends in parallel with the exten-
sion plane p through the short sides 6. As can be seen
in Fig 4, the longitudinal central axis x may be parallel
with the long sides 5.
[0047] The heat exchanger plate 1 also comprises an
edge flange 8, which extends outside and around the

heat exchanger area 4 along the sides, i.e. in the em-
bodiments disclosed along the long sides 5, the short
sides 6 and the curved corners 7. The edge flange 8 is
inclined in relation to the extension plane p, with an angle
α of inclination, see Fig 5.
[0048] The heat exchanger plate 1 also comprises four
portholes 9, which extend through the heat exchanger
area 4.
[0049] The heat exchanger area 4 comprises a primary
corrugation 10. In the embodiments disclosed, the pri-
mary corrugation comprises or consists of ridges 11 and
valleys 12, see Fig 4.
[0050] The primary corrugation 10 may form various
patterns, for instance a diagonal pattern, a fishbone pat-
tern, etc. as is known in the art of plate heat exchangers.
In the embodiments disclosed, the primary corrugation
10 forms a fishbone pattern of the ridges 11 and the val-
leys 12 extending along a primary direction crossing the
longitudinal central axis x. The ridges 11 and valleys 12
form a positive angle of inclination on one side of the
longitudinal central axis x and a corresponding negative
angle of inclination on the other of the longitudinal central
axis x.
[0051] Other geometrical shapes of the primary corru-
gation 10 are also possible, for instance a corrugation of
dimples or other spot shaped depressions and/or protru-
sions.
[0052] As can be seen in Fig 4, the ridges 11 and val-
leys 12 of the primary corrugation 10 extend to the long
sides 5.
[0053] The edge flange 8 of the heat exchanger plate
1 comprises a secondary corrugation 20 of ridges 21 and
valleys 22.
[0054] The ridges 21 and valleys 22 of the secondary
corrugation 20 extend along a secondary direction y
away from extension plane p of the heat exchanger area
4, see Fig 5.
[0055] In the first embodiment, the secondary corru-
gation 20 is provided on the edge flange 8 along the long
sides 5, the short sides 6 and the curved corners 7.
[0056] The edge flange 8 has a root end 25 at the heat
exchanger area 4 and an outer end 26. The edge flange
8 is inclined from the root end 25 to the outer end 26,
especially with the above mentioned angle α of inclina-
tion.
[0057] The ridges 21 and the valleys 22 of the second-
ary corrugation 20 extend from the root end 25 to the
outer end 26 as can be seen in Fig 6, which discloses
more closely the secondary corrugation 20 of the edge
flange 8.
[0058] The primary corrugation 10 extends to the root
end 25 of the edge flange 8, as can be seen in Fig 4.
[0059] In the first embodiment, the ridges 11 of the pri-
mary corrugation 10 extend into and continue in a re-
spective one of the ridges 21 of the secondary corruga-
tion 20, and the valleys 12 of the primary corrugation 10
extend into and continue in a respective one of the valleys
22 of the secondary corrugation 20, see Fig 4.
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[0060] Furthermore, the primary corrugation 10 may
have a primary pitch P1 and the secondary corrugation
20 a secondary pitch P2. The primary pitch P1 is the dis-
tance between adjacent ridges 11, or adjacent valleys
12, along a line parallel with the longitudinal central axis
x, see Fig 4. The secondary pitch P2 is the distance be-
tween adjacent ridges 21, or adjacent valleys 22, per-
pendicular to the secondary direction y, see Figs 4 and
5. In the first embodiment, the primary pith P1 is equal to
the secondary pitch P2.
[0061] As mentioned above, the plate heat exchanger
is a brazed plate heat exchanger. The individual heat
exchanger plates 1 are compression molded to obtain
the shape disclosed and described herein. The heat ex-
changer plates 1 are the stacked onto each other with a
sheet of braze material between each heat exchanger
plate 1. Moreover, the heat exchanger plates 1 are
stacked onto each other so that the ridges 21 of the sec-
ondary corrugation 20 of one of the heat exchanger plates
1 adjoin the ridges 21 of the secondary corrugation 20
of the heat exchanger plates 1 provided adjacent to said
one heat exchanger plate 1. In the same way, the valleys
22 of the secondary corrugation 20 of one of the heat
exchanger plates 1 adjoin the valleys 22 of the secondary
corrugation 20 of the heat exchanger plates 1 provided
adjacent to said one heat exchanger plate 1. The whole
surface of the edge flange 8 of one heat exchanger plates
1 may thus adjoin the whole surface of the edge flange
8 of the adjacent heat exchanger plate 1 or plates 1.
[0062] In the plate heat exchanger with heat exchanger
plates 1 according to the first embodiment, the portholes
9 of the heat exchanger plates 1 may form a first inlet
port 31 for the first fluid to the first plate interspaces 2, a
first outlet port 32 for the first fluid from the first plate
interspaces 2, a second inlet port 33 for the second fluid
to the second plate interspaces 3, and a second outlet
port 34 for the second fluid from the second plate inter-
spaces 3, see Fig 1. Each of the ports 31-34 may com-
prise a connection pipe, as can be seen in Figs 2 and 3.
[0063] The outermost heat exchanger plate 1, at which
the ports 31-34 are provided, may form frame plate, and
the opposite outermost heat exchanger plate 1 may form
a pressure plate.
[0064] The stack of heat exchanger plates 1 are then
brazed by being heated to a suitable temperature. The
stack is held together during the heating and following
cooling by a deadweight provided on top of the stack.
[0065] Fig 7 discloses a heat exchanger plate 1 ac-
cording to a second embodiment, which differs from the
first embodiment in that, the edge flange 8 comprises a
transition zone 28, which extends around the heat ex-
changer area 4. The transition zone 28 is provided and
extends between the primary corrugation 10 and the sec-
ondary corrugation 20. The transition zone 28 starts at
the root end 25 and extends towards the outer end 26.
The secondary corrugation 20 thus extends from the tran-
sition zone 28 to the outer end 26 of the edge flange 8.
[0066] In the second embodiment, the ridges 11 and

the valleys 12 of the primary corrugation 10 are thus dis-
connected from the ridges 21 and valleys 22 of the sec-
ondary corrugation 20.
[0067] Fig 8 discloses a heat exchanger plate 1 ac-
cording to a third embodiment, which differs from the first
embodiment in that the secondary corrugation 20 is pro-
vided on the edge flange 8 along the long sides 5 only.
[0068] Fig 9 discloses a heat exchanger plate accord-
ing to a fourth embodiment, which differs from the second
embodiment in that the primary pitch P1 is shorter than
the secondary pitch P2. The ridges 11 of the primary cor-
rugation 10 are thus not aligned with the ridges 21 of the
secondary corrugation 20, and the valleys 12 of the pri-
mary corrugation 10 are not aligned with the valleys 22
of the secondary corrugation 20.
[0069] The invention is not limited to the embodiments
disclosed, but may be varied and modified within the
scope of the following claims.
[0070] The invention is applicable to all permanently
joined plate heat exchangers, especially brazed plate
heat exchanger, not only those for two fluids, but also
plate heat exchangers for more than two fluids, for in-
stance three fluids.
[0071] Furthermore, the heat exchanger plate may
then have more or less than four portholes, for instance
two portholes, six portholes etc.

Claims

1. A heat exchanger plate (1) for a plate heat exchang-
er, the heat exchanger plate (1) comprising
a heat exchanger area (4) extending in parallel with
an extension plane (p) and comprising a primary cor-
rugation (10) and at least three sides (5, 6),
a longitudinal central axis (x) extending in parallel
with the extension plane (p) through at least one of
the sides (6),
a plurality of portholes (9) extending through the heat
exchanger area (4), and
an edge flange (8) extending outside and around the
heat exchanger area (4) along the sides (5, 6),
wherein the edge flange (8) is inclined in relation to
the extension plane (p), characterized in that the
edge flange (8) comprises a secondary corrugation
(20) of ridges (21) and valleys (22), and that the ridg-
es (21) and valleys (22) of the secondary corrugation
(20) extend along a secondary direction (y) away
from extension plane (p) of the heat exchanger area
(4).

2. A heat exchanger plate according to claim 1, wherein
the edge flange (8) has a root end (25) at the heat
exchanger area (4), and an outer end (26), wherein
the edge flange (8) is inclined from the root end (25)
to the outer end (26).

3. A heat exchanger plate according to claim 2, wherein
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the primary corrugation (10) extends to the root end
(25) of the edge flange (8).

4. A heat exchanger plate according to claim 3, wherein
the ridges (21) and the valleys (22) of the secondary
corrugation (20) extend from the root end (25) to the
outer end (26).

5. A heat exchanger plate according to claim 3, wherein
the edge flange (8) comprises a transition zone (28),
which extends between the primary corrugation (10)
and the secondary corrugation (20), and wherein the
secondary corrugation (20) extends from the transi-
tion zone (28) to the outer end (26).

6. A heat exchanger plate according to any one of the
preceding claims, wherein the primary corrugation
(10) comprises ridges (11) and valleys (12).

7. A heat exchanger plate according to claim 6, wherein
the ridges (11) of the primary corrugation (10) extend
into and continue in a respective one of the ridges
(21) of the secondary corrugation (20).

8. A heat exchanger plate according to claim 6, wherein
the ridges (11) of the primary corrugation (10) are
disconnected from the ridges (21) of the secondary
corrugation (20).

9. A heat exchanger plate according to any one of
claims 6 to 8, wherein the ridges (9) and valleys (10)
of the primary corrugation (8) extend along a primary
direction crossing the longitudinal central axis (x).

10. A heat exchanger plate according to any one of the
preceding claims, wherein the at least three sides
(5, 6) comprise two opposite long sides (5) and two
opposite short sides (6),

11. A heat exchanger plate according to claim 10, where-
in the secondary corrugation (20) is provided on the
edge flange (8) along the long sides (5).

12. A heat exchanger plate according to any one of
claims 10 and 11, wherein the secondary corrugation
(20) is provided on the edge flange (8) along the
short sides (6).

13. A heat exchanger plate according to any one of
claims 10 to 12, wherein the short sides (6) and the
long sides (5) are connected to each other by four
curved corners (7), and wherein the secondary cor-
rugation (20) is provided on the edge flange (8) along
the curved corners (7).

14. A plate heat exchanger comprising a plurality of heat
exchanger plates (1) according to any one of the
preceding claims.

15. A plate heat exchanger according to claim 14, where-
in the heat exchanger plates (1) are permanently
joined to each other.

16. A plate heat exchanger according to any one of
claims 14 and 15, wherein the ridges (21) of the sec-
ondary corrugation (20) of one of the heat exchanger
plates (1) adjoin the ridges (21) of the secondary
corrugation (20) of the heat exchanger plates (1) pro-
vided adjacent to said one heat exchanger plate (1).
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