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DESCRIPTION
TECHNICAL FIELD OF THE INVENTION

[0001] The present invention refers to a heat exchanger plate according to the preamble of 
claim 1.

[0002] The present invention also refers to a plate heat exchanger having such a heat 
exchanger plate.

BACKGROUND OF THE INVENTION AND PRIOR ART

[0003] The porthole areas of such heat exchanger plates of a plate heat exchanger are 
subjected to strong and varying loads during operation of the plate heat exchanger. When the 
pressure increases in every second plate interspace, large pulling forces arise in the porthole 
areas, which tend to pull adjacent heat exchanger plates apart, especially in case of brazed or 
welded plate heat exchangers. In particular, large forces will thus appear at and around the 
contact zones of the beams in the porthole areas.

[0004] Providing the contact zones at the end portions of the beams is disadvantageous since 
the thickness of the material of the porthole areas of the heat exchanger plate is thinnest at the 
end portion of the beam, where the material is bent and deformed in several directions. 
Therefore the end portions are not suitable for taking up large loads. If the contact zones are 
located at the end portions of the beams there will thus exist a risk for cracks in the material of 
the heat exchanger plates.

[0005] Plate heat exchangers, where the beams of the heat exchanger area continues in the 
same direction into the porthole area, will have irregularly positioned contact zones in the 
porthole area. In other words some contact zones will be located close to the porthole and 
some more remote from the porthole. Furthermore, the distance between adjacent contact 
zones in the porthole area will vary around the porthole. This is disadvantageous with regard to 
the strength of the porthole area.

[0006] WO 2007/036963 discloses a heat exchanger plate of a plate heat exchanger 
according to the preamble of claim 1. The heat exchanger plate comprises a heat exchanger 
area and two portholes, each surrounded by a respective porthole area. The porthole area has 
beams inside a shaped recess. The beams extend in parallel with each other.

[0007] US 8,109,326 discloses a heat transfer plate intended to constitute, together with other 
heat transfer plates, a plate stack with permanently connected plates for a heat exchanger, 
which heat transfer plate has a first long side and an opposite second long side, a first short 
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side and an opposite second short side, a heat transfer surface exhibiting a pattern of ridges 
and valleys, first and second port regions, the first port region being situated in a first corner 
portion formed at the meeting between the first long side and the first short side, the second 
port region being situated in a second corner portion formed at the meeting between the 
second long side and the first short side, and the first port region being connected to a number 
of ridges and valleys, which ridges and valleys have in principle an extent from the first port 
region diagonally towards the second long side.

[0008] WO 201173083 discloses a heat exchanger plate including a bottom that has four fluid 
passage openings placed, respectively, in four corner regions, said bottom being provided with 
chevron-patterned waves extending from both sides of a median longitudinal axis of the plate. 
The waves ofthe plate are intended to intersect with the waves of an identical adjacent plate in 
a vertically adjacent relationship in which both plates are rotated 180°, thus forming point-by- 
point contact areas for the mutual brazing thereof. The bottom has, in the corner regions and 
near the passage openings, supplementary raised areas that are capable of defining 
supplementary point-by-point contact areas for the brazing, thus making it possible to improve 
the resistance to pressure from the heat exchanger.

[0009] EP 1070928, US 8,109,326, US 2013/192291 and WO 02/08680 disclose various kinds 
of heat exchanger plates of a plate heat exchanger. The heat exchanger plates comprise a 
heat exchanger area and two portholes, each surrounded by a porthole area. Beam-like 
elements are provided on the porthole area.

SUMMARY OF THE INVENTION

[0010] The object of the present invention is to remedy the problems discussed above. In 
particular, it is aimed at an improvement of the strength of the porthole area around the 
portholes of the heat exchanger plate, and thus an improvement of the strength of the plate 
heat exchanger.

[0011] This object is achieved by the heat exchanger plate initially defined and characterized 
by the features of the characterizing portion of claim 1.

[0012] Such beams being inclined with respect to a radial line result in advantageous solution 
that the opposing beams of the porthole areas of adjacent heat exchanger plates of the plate 
heat exchanger will cross each other at a contact zone located at a distance from the end of 
the respective beams. The contact zone in the proximity of the end of the beams, where the 
material of the beams is thinnest, may thus be avoided. Consequently, the heat exchanger 
plate as claimed result in an improved strength ofthe porthole area, and thus ofthe plate heat 
exchanger.

[0013] According to the invention, the acute angle is substantially equal, or equal, for each of 
the beams. This feature contributes to all contact zones being located at the same distance 
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from the end of the beam, and at the same distance from the porthole. Consequently, a 
uniform strength of the porthole area around the porthole may be achieved.

[0014] According to the invention, the beams are substantially equidistantly, or equidistantly, 
provided around the porthole. Also this feature contributes to a uniform strength of the porthole 
area around the porthole, since the load will be uniformly distributed around the porthole.

[0015] According to an embodiment of the invention, the extension direction of each beam is 
tangential with respect to a circle, which has a diameter smaller than the diameter of the 
porthole and is concentric with the porthole. This definition follows of the acute angle defined 
above.

[0016] According to a further embodiment of the invention, the acute angle a is larger than 
10°. The acute angle a may be larger than 20°. The acute angle a may be larger than 30°. The 
acute angle a may be larger than 40°.

[0017] According to a further embodiment of the invention, the acute angle a is smaller than 
80°. The acute angle a may be smaller than 70°. The acute angle a may be smaller than 60°. 
The acute angle a may be smaller than 50°.

[0018] According to a further embodiment of the invention, the diameter of the circle is shorter 
than 80% of the diameter of the porthole. The diameter of the circle may be shorter than 70% 
of the diameter of the porthole. The diameter of the circle may be shorter than 60% of the 
diameter of the porthole.

[0019] According to a further embodiment of the invention, the diameter of the circle may be 
longer than 20% of the diameter of the porthole. The diameter of the circle may be longer than 
30% of the diameter of the porthole. The diameter of the circle may be longer than 40% of the 
diameter of the porthole.

[0020] According to a further embodiment of the invention, the end of each beam is located at 
a distance from the porthole. Thus there may be an annular flat area around the porthole. The 
annular flat area may extend between the porthole and the end of the beams of the porthole 
area. Such a flat annular area contributes to strengthening the porthole area.

[0021] According to a further embodiment of the invention, each of the beams of the porthole 
area has an elongated shape along said extension direction.

[0022] Advantageously, the elongated shape may be straight or substantially straight.

[0023] According to a further embodiment of the invention, each of the beams has an opposite 
end. The opposite end may be located close to the heat exchanger area. Thus, each of the 
beams of the porthole area may extend from the opposite end towards the porthole to the end 
of the beam.
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[0024] According to a further embodiment of the invention, the opposite end of each beam is 
located within the respective porthole area.

[0025] According to a further embodiment of the invention, the opposite end of each beam is 
located at a distance from the beams of a corrugation of the heat exchanger area.

[0026] Advantageously, there may then be an annular area, possibly flat, between the opposite 
end of the beams of the porthole area and the heat exchanger area, or the beams of the heat 
exchanger area.

[0027] According to a further embodiment of the invention, the opposite end of at least some 
of the beams is connected to a beam, or at least one beam, of a corrugation of the heat 
exchanger area. Preferably, more than 50% of the beams of the porthole area are connected 
to a beam of the corrugation of the heat exchanger area.

[0028] According to a further embodiment of the invention, each beam has a curved shape 
thereby crossing the extension direction twice. Such a curved shape ofthe beam permits each 
beam to form two contact zones, which may contribute to an even higher strength of the 
porthole area.

[0029] The object is also achieved by the plate heat exchanger initially defined and comprising 
a plurality of heat exchanger plates as defined above.

[0030] According to a further embodiment of the invention, each beam of the porthole areas of 
one heat exchanger plate forms a contact zone with a beam of one of the porthole areas of an 
adjacent heat exchanger plate.

[0031] For instance, every second heat exchanger plate in the plate heat exchanger may be 
rotated 180° in relation to the remaining heat exchanger plates. It is also possible two include 
two or more kinds of heat exchanger plates in the plate heat exchanger, for instance every 
second heat exchanger plated may have an inverted pattern.

[0032] According to a further embodiment of the invention, each beam has a curved shape 
thereby crossing the extension direction twice, and wherein each beam of the porthole area of 
one heat exchanger plate forms two contact zones. With two contact zones, which both are 
located at a distance from the end of the beam, the strength of the porthole are may be further 
improved.

[0033] Advantageously, both contact zones are located also at a distance from the opposite 
end ofthe beam.

[0034] According to a further embodiment of the invention, each beam of the porthole area of 
one heat exchanger plate forms two contact zones with two beams of the porthole area of an
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adjacent heat exchanger plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The present invention is now to be explained more closely through a description of 
various embodiments and with reference to the drawings attached hereto.

Fig 1 
discloses schematically a front view of a plate heat exchanger according to a first 
embodiment ofthe invention.

Fig 2
discloses schematically a side view of the plate heat exchanger in Fig 1.

Fig 3
discloses schematically a longitudinal section through the plate heat exchanger along 
line Ill-Ill in Fig 1.

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

Fig 5
discloses a more detailed plan view of a part of a porthole area of the heat exchanger 
plate in Fig 4.

Fig 6 
discloses a more detailed plane view of a part of a porthole area of a heat exchanger 
plate of a plate heat exchanger according to a second embodiment of the invention.

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

[0036] Figs 1-3 disclose a plate heat exchanger 1 comprising a plate package of a plurality of 
heat exchanger plates 2. The heat exchanger plates 2 comprises a pressure plate 2a, which 
may form an outermost plate, and a frame plate 2b, which may form the other outermost plate.

[0037] The heat exchanger plates 2 form first plate interspaces 3 for a first medium and 
second plate interspaces 4 for a second medium, see Fig 3. The first plate interspaces 3 and 
the second plate interspaces 4 are arranged in an alternating order in the plate heat 
exchanger 1.

[0038] The plate heat exchanger 1 comprises a first inlet 6 for the first medium, a first outlet 7 
for the first medium, a second inlet 8 for the second medium and a second outlet 9 for the 
second medium.
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[0039] One ofthe heat exchanger plates 2 is disclosed in Fig 4. In the embodiments disclosed, 
all heat exchanger plates 2 are identical. Also the pressure plate 2a and the frame plate 2b 
may be identical to the remaining heat exchanger plates 2.

[0040] In the plate heat exchanger 1, every second plate 2 is rotated 180°.

[0041] However, it should be noted that the heat exchanger plates do not need to be identical, 
but for instance every second heat exchanger plate may be inverted, i.e. the pattern of the 
heat exchanger plate is inverted. The plate heat exchanger may thus comprise two or more 
different kinds of heat exchanger plates.

[0042] According to the first embodiment, each heat exchanger plate 2 comprises a heat 
exchanger area 11 and four portholes 12. A longitudinal central axis x extends along the heat 
exchanger plate 2.

[0043] It is to be noted that each heat exchanger plate 2 may comprise another number of 
portholes 12, for instance two, one for the inlet and one for the outlet of the first medium, 
wherein the inlet and the outlet for the second medium are formed by open sides in the plate 
package. It is also possible with more than four portholes, for instance in the case of more than 
two media.

[0044] Each porthole 12 has a diameter D.

[0045] Each porthole 12 is surrounded by a respective one ofa porthole area 13. The porthole 
areas 13 are separated from each other as can be seen in Fig 4.

[0046] In the embodiments disclosed, each of the porthole areas 13 is annular, i.e. each 
porthole area 13 extends all the way around the respective porthole 12.

[0047] In the embodiments disclosed, each porthole 12 and porthole area 13 are circular, or 
substantially circular. It is to be noted, that the porthole 12 and porthole area may have a 
shape deviating from a circular shape, for instance an oval or elliptic shape, or a polygonal-like 
shape.

[0048] In the embodiments disclosed, the four portholes 12 and porthole areas 13 are 
identical. It is to be noted, however, that the porthole 12 and porthole areas 13 may differ from 
each other, for instance with respect to the size ofthe porthole 12 and porthole area 13.

[0049] The heat exchanger plate 2 also comprises an edge area 14 forming the outer part of 
the heat exchanger plate 2. The edge area 14 surrounds the heat exchanger area 11.

[0050] In the embodiments disclosed, the edge area 14 is configured as a flange which is bent 
away from the heat exchanger area 11, as can be seen in Figs 2 and 3.
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[0051] In the embodiments disclosed, the heat exchanger plates 2 are permanently joined to 
each other, for instance through brazing, welding or gluing. A permanent joint may extend 
along the flanges of the edge areas 14 of two adjacent heat exchanger plates 2. The plate 
interspaces 3, 4 enclosed between the two adjacent heat exchanger plates 2 may thus be 
sealed.

[0052] In the first embodiment, the porthole areas 13, with the respective porthole 12, are 
located on the heat exchanger area 11 at a distance from the edge area 14. However, it is to 
be noted that the porthole area 13 may be located adjacent to the edge area 14, see for 
instance Fig 6.

[0053] The heat exchanger area 11 has a corrugation of beams 15 forming ridges and valleys 
in a manner known per se. In the embodiments disclosed, the beams 15 ofthe corrugation of 
the heat exchanger area 11 all extend diagonally in the same direction. The beams 15 form an 
angle to the longitudinal central axis x.

[0054] It is to be noted that the pattern of the corrugation of beams 15 of the heat exchanger 
area 11 may be different than disclosed, for instance a so called fish-bone pattern, where the 
beams 15 form an arrow-like pattern. The corrugation may also be different in different 
sections ofthe heat exchanger area 11. Furthermore, there may be a different corrugation of 
the heat exchanger area 11 adjacent to the porthole areas 13 to form so called distribution 
areas.

[0055] Each porthole area 13 also comprises a corrugation of beams 20 forming ridges and 
valleys at the porthole area 13. Each of the beams 20 of the porthole area 13 has an end 21 
turned towards the porthole 12, and an opposite end 22 turned towards the heat exchanger 
area 11 or towards the edge area 14, see also Fig 6.

[0056] Each of the beams 20 of the porthole area 13 extends along a respective extension 
direction 23 towards the porthole 12. Each beam 20 ofthe porthole area 13 has an elongated 
shape along the extension direction 23. In the first embodiment, the elongated shape is 
straight or substantially straight.

[0057] In the first embodiment, the end 21 of each beam 20 ofthe porthole area 13 is located 
at a distance from the porthole 12, as can be seen in Fig 5. There is thus an annular flat area 
24 between the porthole 12, and the end 21 ofthe beams 20 ofthe porthole area 13.

[0058] The opposite end 22 of each beam 20 of the porthole area 13 is located within the 
respective porthole area 13. In the first embodiment, the opposite end 22 of at least some of 
the beams 20 is connected to a beam 15 of the corrugation of the heat exchanger area 11.

[0059] Fig 5, which shows only a part ofthe porthole area 13, discloses one beam 20 which is 
not connected to any beam 15 of the heat exchanger area 11. There may of course be more 
than one beam 20 of the porthole area 13 that is not connected to any beam 15 of the heat 
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exchanger area 11. For instance 2, 3, 4, 5, 6, 7, 8 or even more beams 20 of the porthole area 
13 may not connected to any beam 15 of the heat exchanger area 11.

[0060] Fig 5 also discloses at least three beams 20 ofthe porthole area 13 that are connected 
to two beams 15 ofthe heat exchanger area 11. Also this number of beams 20 may be larger 
or smaller.

[0061] Furthermore, Fig 5 shows an example of two beams 20 of the porthole area 13 being 
connected to one and the same beam 15 of the heat exchanger area 11.

[0062] The extension direction 23 of each of the beams 20 of the porthole area 13 forms an 
acute angle a to a radial line 25, which extends through the end 21 of the beam 20 of the 
porthole area 13 and through a center C of the porthole.

[0063] The acute angle a is substantially equal, or equal, for each of the beams 20 of the 
porthole area 13.

[0064] The acute angle a may be larger than 10°, larger than 20°, larger than 30°, or larger 
than 40°.

[0065] Furthermore, the acute angle a may be smaller than 80°, smaller than 70°, smaller than 
60°, or smaller than 50°.

[0066] For instance, the acute angle a may be 45°, or approximately 45°.

[0067] Thus, the extension direction 23 of each beam 20 ofthe porthole area 13 is tangential 
with respect to a circle 26. The circle 26 has a diameter d which is smaller than the diameter D 
ofthe porthole 12. The circle 26 is concentric with the porthole 12, i.e. the center C ofthe circle 
26 forms the center ofthe porthole 12.

[0068] The diameter d of the circle 26 may be shorter than 80% of the diameter D of the 
porthole 12, may be shorter than 70% ofthe diameter D ofthe porthole 12, or may be shorter 
than 60% ofthe diameter D ofthe porthole 12.

[0069] Furthermore, the diameter d of the circle 26 may be is longer than 20% of the diameter 
D of the porthole 12, may be is longer than 30% of the diameter D of the porthole 12, or may 
be is longer than 40% ofthe diameter D ofthe porthole 12.

[0070] The beams 20 ofthe porthole area 12 are equidistantly provided around the porthole 
12.

[0071] Fig 5 illustrates two heat exchanger plates 2 of the plate package of the plate heat 
exchanger 1. The beams 15 and 20 of the first heat exchanger plate 2 are shown with 
continuous lines, whereas the beams 15 and 20 of the second adjacent and underlying heat
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exchanger plate 2 are shown with dashed lines. As indicated above, the second heat 
exchanger plate 2 is rotated 180° in relation to the first heat exchanger plate 2.

[0072] Each beam 20 ofthe porthole area 13 ofthe first heat exchanger plate 2 form a contact 
zone 30 with a beam 20 of the porthole area 13 of the second heat exchanger plate 2. As can 
be seen in Fig 5, the contact zones 30 are located at a central part of the beams 20 remote or 
at a distance from the end 21 and from the opposite end 22.

[0073] The contact zones 30 are equidistantly provided around the porthole 12.

[0074] The contact zones 30 have a relatively small size. They may have an oval shape or 
contour as can be seen in Figs 5 and 6.

[0075] The contact zones 30 are also located at the same distance from the porthole 12, and 
at the same distance from the center ofthe porthole 12.

[0076] Fig 6 illustrates a second embodiment, which differs from the first embodiment in that 
each beam 20 ofthe porthole area has an elongated extension, but a curved shape, or slightly 
curved shape, thereby crossing the extension direction 23 ofthe beam 20 twice.

[0077] Fig 6 illustrates two heat exchanger plates 2 adjacent to each other in the plate 
package of the plate heat exchanger 1, although both heat exchanger plates 2 have been 
shown with continuous lines.

[0078] The second embodiment differs from the first embodiment also in that the opposite end 
22 of each ofthe beams 20 ofthe porthole area 13 is located at a distance from the end ofthe 
beams 15 of the heat exchanger area 11. Thus there is an annular area 27 extending around 
the porthole area 13. In Fig 6, the annular area 27 extends between the porthole area 13 and 
the heat exchanger area 11 and between the porthole area 13 and the edge area.

[0079] The annular area 27 has no beams. The annular area 27 may be flat, or substantially 
flat.

[0080] Because of the curved shape, each of the beams 20 of the porthole area 13 of one 
heat exchanger plate 2 forms two contact zones 30 with the adjacent heat exchanger plate 2. 
More specifically, in the second embodiment, each beam 20 of the porthole area 13 of one 
heat exchanger plate 2 forms the two contact zones 30 with two beams 20 of the porthole area 
13 ofthe adjacent heat exchanger plate 2 as can be seen in Fig 6.

[0081] Both ofthe contact zones 30 are located at a distance from the end 21 ofthe respective 
beam 20, and at a distance from the opposite end 22 ofthe respective beam.

[0082] Even though the embodiments disclosed refer to permanently joined plate heat 
exchanger, but the invention may be applicable also to plate heat exchangers, in which the 
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heat exchanger plates are joined in other ways, for instance by means of tie bolts. In this case, 
the edge area 14 may be configured to permit positioning of a gasket between adjacent heat 
exchanger plates.

[0083] The present invention is not limited to the embodiments disclosed and discussed, but 
may be varied and modified within the scope of the claims.
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VARMEVEKSLERPLADE OG PLADEVARMEVEKSLER

PATENTKRAV

1. Varmevekslerplade (2), der omfatter

et varmevekslerområde (11),

mindst to åbningshuller(12), der hvert har en diameter (D),

mindst to åbningshulområder (13), hvor hvert af åbningshullerne (12) er omgivet af et tilsvarende 

åbningshulområde (13),

hvor åbningshulområderne (13) er adskilt fra hinanden,

hvor hvert åbningshulområde (13) omfatter en bølgeform af bjælker (20), og

hvor hver af bjælkerne (20) har en ende (21), der er vendt mod åbningshullet (12) og strækker sig 

langs en tilsvarende forlængelsesretning (23) mod åbningshullet (12),

kendetegnet ved, at forlængelsesretningen (23) for hver af bjælkerne (20) danner en spids vinkel 

(a) til en radial linje (25) gennem enden (21) af bjælken (20), ved, at den spidse vinkel (a) i alt væsentligt er 

ens for hver af bjælkerne (20), og ved, at bjælkerne (20) er tilvejebragt i samme afstand omkring 

åbningshullet (12).

2. Varmevekslerplade ifølge et hvilket som helst af de foregående krav, hvor forlængelsesretningen 

(23) for hver bjælke (20) er tangentiel i forhold til en cirkel (26), der har en diameter (d) mindre end 

diameteren (D) af åbningshullet (12) og er koncentrisk med åbningshullet (12).

3. Varmevekslerplade ifølge et hvilket som helst af de foregående krav, hvor den spidse vinkel (a) er 
større end 10°.

4. Varmevekslerplade ifølge et hvilket som helst af de foregående krav, hvor den spidse vinkel (a) er
mindre end 80°.

5. Varmevekslerplade ifølge et hvilket som helst af de foregående krav, hvor enden (21) af hver 

bjælke (20) er placeret i en afstand fra åbningshullet (12).

6. Varmevekslerplade ifølge et hvilket som helst af de foregående krav, hvor hver af bjælkerne (20) 

har en modsat ende (22).

7. Varmevekslerplade ifølge krav 6, hvor den modsatte ende (22) af hver bjælke (20) er placeret i det 

tilsvarende åbningshulområde (13).

8. Varmevekslerplade ifølge et hvilket som helst af kravene 6 og 7, hvor den modsatte ende (22) af 

mindst nogle af bjælkerne (20) er forbundet med en bjælke (15) af en bølgeform af varmevekslerområdet 

(11).

9. Varmevekslerplade ifølge et hvilket som helst af de foregående krav, hvor hver bjælke (20) har en 

buet form, der derved krydser forlængelsesretningen (23) to gange.

10. Plade varme veksler (1), der omfatter en flerhed af varmevekslerplader (2) ifølge et hvilket som

helst af de foregående krav.
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11. Plade varme veksler ifølge krav 10, hvor hver bjælke (20) fra åbningshulområderne (13) af én

varmevekslerplade (2) danner en kontaktzone (30) med en bjælke (20) fra ét af en tilstødende 

varmevekslerplades (2) åbningshuller (13).

12. Plade varme veksler ifølge krav 11, hvor hver bjælke (20) fra åbningshulområdet (13) har en buet

5 form, der derved krydser forlængelsesretningen (25) to gange, og hvor hver bjælke (20) fra 

åbningshulområdet (13) af én varmevekslerplade (2) danner to kontaktzoner (30).

13. Plade varme veksler ifølge krav 12, hvor hver bjælke (20) fra åbningshulområdet (13) af én

varmevekslerplade (2) danner to kontaktzoner (30) med to bjælker (20) fra den tilstødende 

varmevekslerplades (2) åbningshulområde (13).
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