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(54) A cooling device

(57) The present invention relates to a cooling device
including a cooling surface (20) adapted to be in contact
with a component to be cooled, wherein the device com-
prises a first (2) extruded piece including a plurality of
grooves and a second (1) extruded piece including a plu-
rality of protruding elements (8) extending into the
grooves of the first piece the first and second pieces are

joined together and the protruding elements and the cor-
responding grooves are designed such that a plurality of
flow channels for transportation of a cooling fluid (30) are
formed between the grooves and corresponding protrud-
ing elements. The flow channels are elongated and ar-
ranged with their longitudinal axes inclined with respect
to the cooling surface.



EP 2 390 609 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The present invention relates to a cooling de-
vice including a cooling surface adapted to be in contact
with a component to be cooled, wherein the device com-
prises a first extruded piece including a plurality of
grooves and a second extruded piece including a plurality
of protruding elements extending into the grooves of the
first piece, the first and second pieces are joined together
and the protruding elements and the corresponding
grooves are designed such that a plurality of flow chan-
nels for transportation of a cooling fluid are formed be-
tween the grooves and corresponding protruding ele-
ments.

PRIOR ART

[0002] Cooling devices are used in many different ap-
plications for cooling different subjects. One important
application is cooling of electronic equipment and com-
ponents. Another application is in heat exchanges in
which the cooling device is used to cool a warmer liquid.
With the term cooling fluid is meant a cooling liquid, such
as water, glycol, or oil.
[0003] The cooling device is provided with a plurality
of channels for transporting the cooling fluid through the
device in order keep the device cold. The purpose of the
cooling device is to transfer heat from the component,
which is to be cooled, to the cooling fluid. The channels
can, for example, be manufactured by drilling a plurality
of holed through the device. The cross section of the
drilled channels will be circular.
[0004] EP1926143 discloses a cooling unit for semi-
conductor components and a method for its manufacture.
The cooling unit includes a first extruded piece including
a plurality of grooves and a second extruded piece in-
cluding a plurality of protruding elements extending into
the grooves of the first piece, the first and second pieces
being joined together. The protruding elements and the
corresponding grooves are designed such that a plurality
of flow channels for transportation of a cooling fluid are
formed between them. The flow channels have a trian-
gular cross section. A disadvantage with this cooling de-
vice is that it has a poor cooling capacity.
[0005] In order to achieve an efficient cooling, the wall
area of the channel should be as large as possible in
relation to the volume of the channel. Therefore, it is a
desire to provide thin channels with a large height. This
shape of the channels reduces the cooling fluid needed
with maintained water velocity, and thus achieves an im-
proved cooling.
[0006] US6,671,957 discloses a method for manufac-
turing cooling devices for mounting on semiconductor
devices. The cooling devices are made from several ex-
truded shaped section part elements. The section part
elements have grooves and bead strips, wherein these

grooves and bead strips are fitted into each other by ap-
plying pressure in a transverse direction. The channels
formed are elongated and extending orthogonal to the
cooling surface. A disadvantage with this cooling device
is that it is complicated to manufacture. A further improve-
ment of the cooling capacity is desired.

OBJECTS AND SUMMARY OF THE INVENTION

[0007] One object of the present invention is therefore
to provide a cooling device with is easier to manufacture
and has an increased cooling capacity.
[0008] This object is achieved by a cooling device as
defined in claim 1.
[0009] The cooling device is characterized in that the
flow channels are elongated and arranged with their lon-
gitudinal axes inclined with respect to the cooling surface.
Due to the inclined channels, the cooling capacity of the
cooling device is improved. The reason for this is that the
amount of material between the cooling surface and the
cooling channels is increased, compared to having
straight cannels, which improves the ability to conduct
heat from the cooling surface to the cooling channels. A
further advantage is that the cooling device has equally
good cooling capacity on both sides of the device. An-
other advantage is that the cooling device according to
the invention is easy to manufacture.
[0010] Preferably, the angle between the longitudinal
axes of the flow channels and an axis orthogonal to the
cooling surface is between 5° and 45°, and more prefer-
ably between 10° and 15°. With an angle between 0° and
15°, an optimal relation between area of the channels
and the area of material conducting away the heat is
achieved, and accordingly an optimal cooling capacity is
achieved.
[0011] By joining two or more extruded pieces, which
are designed so that channels are formed between the
pieces, it is possible to achieve very thin channels which
have a very good cooling capacity.
[0012] The protruding elements are tapered towards
their outer ends and the grooves are narrowed toward
their bottoms. It is easier to extrude a piece having pro-
truding elements which are tapered, compared to extrud-
ing a piece having a plurality of straight elements ar-
ranged close to each other. Thus, the pieces have shapes
which make them suitable to be produced by extrusion.
The pieces can be produced by using rather simple ex-
truding tools. Further the shape of the pieces makes them
easy to fit to each other, since they require less tolerance
to fit together. The pieces can easily be fitted to each
other. The pressing step as described in the prior art can
be omitted. Thus, the cooling device is easy and cheep
to manufacture.
[0013] The joining of the pieces can be made by means
of simple and well-known methods, such as welding, sol-
dering or gluing.
[0014] The device is, for example, a liquid cooler
adapted to cool electronic components.

1 2 



EP 2 390 609 A2

3

5

10

15

20

25

30

35

40

45

50

55

[0015] According to an embodiment of the invention,
the ratio between the height and the width of the cooling
cannels is more than 5, preferably more than 8, and most
preferably more than 10. The invention makes it possible
to achieve channels having a high ration between the
height and the width of the cooling cannels. Such a chan-
nel has a small cross section area and a large wall area,
and provides a very good cooling capacity.
[0016] According to an embodiment of the invention,
the width of the flow channel is less than 10mm, prefer-
ably less than 5mm and most preferably less than 2mm.
The invention makes it possible to have very thin chan-
nels. A further advantage with thin channels is that the
number of channels on the same area can be increased,
and accordingly the cooling efficiency can be increased.
[0017] According to an embodiment of the invention,
the first and a second extruded piece are joined together
by means of sealing joints. The sealing joints prevent the
cooling fluid to escape from the channels and flow out of
the device.
[0018] According to an embodiment of the invention,
the first and a second extruded piece are joined together
by means of friction stir welding (FSV). This method
achieves a pore free and accordingly sealing joint.
[0019] According to an embodiment of the invention,
the device is made of aluminum or an aluminum alloy.
Aluminum is cheep and has suitable properties for extru-
sion.
[0020] According to an embodiment of the invention,
the outer end of the protruding element and the bottom
of the groove is designed to engage to each other in order
to cold-weld the pieces together. By engaging the outer
end of the protruding element to the bottom of the
grooves, the outer surface of the device is prevented from
bulging due to forces from the cooling fluid. If the cooling
device is used for cooling components it is important that
the surface, which is in contact with the component to be
cooled, is very flat and not bulging.
[0021] According to an embodiment of the invention,
the protruding elements and the corresponding grooves
are designed such that one channel is formed on each
side of the protruding element between the walls of the
protruding element and the groove. By using both walls
of the protruding element for creating flow channels, the
number of channels per area is increased.
[0022] According to an embodiment of the invention,
at least one of the inner and outer walls is provided with
cooling fins. The cooling fins further increase the area of
the walls of the channels and accordingly the cooling
capacity of the cooling device. The cooling fins are easy
to produce by the extrusion of two separate pieces.
[0023] The cooling device according to the invention
is, for example, suitable for cooling electronic compo-
nents or as a cooling part of a heat exchanger, for exam-
ple in a heat pump.
[0024] Another object of the present invention is to pro-
vide an improved method for manufacturing a cooling
device.

[0025] This object is achieved by a method as defined
in claim 13.
[0026] The method comprises extruding a first piece
including a plurality of grooves having inner walls, ex-
truding a second piece including a plurality of elongated
protruding elements having outer walls and designed to
fit into the grooves of the first piece so that at least one
flow channel is formed between the inner wall of the
groove and the outer wall of the corresponding protruding
element, and joining the two pieces together so that a
plurality of flow channels are formed between the
grooves and the protruding element.
[0027] This method makes it easy and fast and accord-
ingly cheap to manufacture cooling devices having very
thin channels.
[0028] Further developments of the device are char-
acterized by the features of the additional claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The invention will now be explained more close-
ly by the description of different embodiments of the in-
vention and with reference to the appended figures.

Figure 1a shows an example of a top piece of a cool-
ing device according to the invention in an elevation
view.

Figure 1b shows a cross-sectional view through the
top piece shown in figure 1 a.

Figure 2a shows an example of a bottom piece of a
cooling device according to the invention in an ele-
vation view.

Figure 2b shows a cross-sectional view through the
bottom piece shown in figure 2a.

Figure 3 shows a cooling device according to an em-
bodiment of the invention including the top and bot-
tom pieces shown in figures 1 a-b and 2a-b.

Figure 4 shows an example of an extruding tool for
producing the top piece shown in figures 1 a-b.

Figure 5 shows an example of an extruding tool for
producing the bottom piece shown in figures 2a-b.

Figure 6 shows a cross sectional view of a second
example of the top piece.

Figure 7 shows a cross sectional view of a second
example of the bottom piece.

Figure 8 shows a cross sectional view of a cooling
device according to a second embodiment of the in-
vention.
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Figure 9 shows three extruded pieces for providing
a heat exchanger.

Figure 10 shows a heat exchanger including a cool-
ing device according to a third embodiment of the
invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE INVENTION

[0030] A cooling device according to the invention
comprises a top and a bottom extruded piece, which are
joined together. Figures 1 a-b show an example of the
top piece 1. Figure 1b shows a cross-sectional view
through the top piece 1 shown in figure 1a. Figures 2a-
b show an example of the bottom piece 2 of the cooling
device. Figure 2b shows a cross-sectional view through
the bottom piece 2 shown in figure 2a. As shown in the
figures, the top and bottom pieces 1,2 have a fixed cross
sectional profile.
[0031] The top piece 1 includes a base portion 4 having
an outer surface 5 and an inner surface 6. A number of
protruding elements in the form of ridges 8 are projecting
from the inner surface 6 of the base portion. The ridges
8 extend along the entire length of the top piece 1. Each
of the ridges 8 has two outer walls 10a, 10b on opposite
sides of the ridge. In this embodiment the walls are pro-
vided with a plurality of surface enlargements 12, in the
following called cooling fins. The purpose of the cooling
fins 12 is to increase the surfaces of the walls 10a - b
and thus to improve the cooling. The ridges 8 are tapering
towards their outer ends. The outer end of each ridge 8
is provided with a locking member 14 designed to be
engaged to the bottom piece 2. The top piece 1 also
includes valleys 16 formed between the ridges 8. Each
valley 16 includes a bottom part 18 designed to receive
and engage a locking member of the bottom piece.
[0032] The bottom piece 2 includes a base portion 19
having an outer surface 20 adapted to be in contact with
a component, which is to be cooled. The bottom piece 2
includes a plurality of grooves 21 having two opposite
inner walls 21a-b. The walls 21 a-b are provided with a
plurality of cooling fins in the same way as the walls 10a-
b of the top piece. The bottom piece includes a plurality
of valleys and ridges 22, and the valleys form the grooves
21. The grooves 21 are narrowed toward their bottoms.
The ridges 22 have the same shape as the ridges 8 of
the first piece. The grooves 21 are formed between the
ridges 22. The top and bottom pieces 1,2 are designed
so that the each valley has a corresponding ridge on the
opposite piece. The valleys and ridges are designed to
fit to each other in such way that a slot is formed between
the walls of the corresponding ridges and valleys when
the pieces are connected to each other. Thus, the ridges
8,22 have a width that is slightly smaller than the width
of the corresponding grooves 16,21. The height of the
ridges and the corresponding grooves are the same to
enable engagement of the outer end of the ridges to the

bottom parts of the valleys. The pieces 1,2 are preferably
made of aluminium or an alloy of aluminium. Each groove
22 has a bottom part 26 designed to receive and engage
the locking member 14 of a corresponding ridge 8 of the
top piece. The width of the locking members 14, 24 is
slightly larger than the width of the bottom parts 18, 26.
When the locking members of the ridges are engaged to
the bottom parts of the grooves they are cold welded
together. By engaging the outer ends of the ridges to the
bottom of the grooves, the outer surface of the device is
prevented from bulging due to forces from the cooling
fluid.
[0033] The top and the bottom pieces 1, 2 are produced
by extrusion. Extrusion is a process used to create ob-
jects of a fixed cross sectional profile. The pieces are
produced using a specially designed extrusion tool. The
material, in a preferred embodiment the material is heat-
ed aluminium, is pushed through a tool of a desired cross
section. Figure 4 shows an example of a tool for produc-
ing the top piece 1 shown in figure 1 a-b, and figure 5
shows an example of a tool for producing the bottom
piece 2 shown in figure 2a-b. The extrusion process is
done with hot material. After the extrusion has been fin-
ished the pieces are cooled down.
[0034] Figure 3 shows an example of a cooling device
according to the invention including a top piece 1 and a
bottom piece 2, which has been joined together. The piec-
es are, for example, joined together by welding, solder-
ing, or gluing. In a preferred embodiment of the invention,
the pieces are joined together by means of Friction Stir
Welding (FSW). Friction Stir Welding is a well known sol-
id-state joining process and achieves pore free joints.
[0035] In this embodiment the cooling device has two
joints 28a - b joining the two pieces together. The joins
extends along the entire length of the cooling device. In
this embodiment the joints are arranged to sealingly con-
nect the two pieces together. However, in another em-
bodiment it is possible to provide the sealing between
the two pieces in other ways. For example, the two pieces
can be joined together with screws and a separate seal-
ing is arranged between the pieces.
[0036] When the pieces 1,2 are joined together the
ridges 8 of the top piece are extending into the grooves
21 of the bottom piece, and the ridges 22 of the bottom
piece are extending into the grooves 16 of the top piece.
Thereby, a plurality of flow channels 30 is formed be-
tween the inner walls 21a-b of the grooves and the outer
walls 10a-b of the ridges. The protruding elements and
the corresponding grooves are designed such that at
least one flow channel 30 is formed between the inner
wall of the groove and the outer wall of the corresponding
protruding element. The channels 30 are elongated and
extend through the entire cooling device. The channels
30 are inclined with respect to the outer surface 20 adapt-
ed to be in contact with a component, which is to be
cooled. As shown in the figure, the flow channels are
arranged with their longitudinal axes angled with respect
to the cooling surface. Preferably, the angle v between
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the longitudinal axes of the flow channels and an axis
orthogonal to the cooling surface is between 5° and 45°,
and more preferably between 10° and 15°. The flow chan-
nels are adapted to transport a cooling fluid through the
cooling device in order to cool the base part 19 and the
surface 20, which is adapted to be in contact with the
object to be cooled. In another embodiment, both sides
5,19 of the cooling device can be in contact with objects
to be cooled.
[0037] The channels 30 have a width w and a height
h. In the example shown in figure 3, the width of the chan-
nels are about 1,5 mm and the ratio between the height
and the width is about 10. The locking members 14, 24
of the ridges are attached to the bottom parts 18, 26 of
the grooves by means of cold-welding. In a last step, the
ends of the cooling device are provided with two covers,
which are sealingly attached to the end parts of the top
and bottom pieces in order to seal the ends of the flow
channels.
[0038] Figure 6 shows another example of an extruded
top piece 40, and figure 7 shows another example of an
extruded bottom piece 42. The shape of the pieces 40,
42 are identical. This embodiment of the invention is ad-
vantageous since one and the same tool can be used for
producing both the top and the bottom piece of the cooling
device.
[0039] Figure 8 shows a cooling device according to a
second embodiment of the invention including the top
and bottom pieces shown in figure 6 and 7. In this em-
bodiment the joints 44, 46 between the first and second
pieces are arranged on opposite sides of the device.
[0040] Figure 9 shows examples of three pieces
50,54,62 of a heat exchanger. A first piece 50 is provided
with a plurality of protruding elements in the form of ridges
52 and plurality of grooves 53 in the form of valleys ar-
ranged between the ridges 52. In this embodiment, the
walls of the ridges and accordingly the walls of the
grooves are smooth and are not provided with cooling
fins. A second piece 54 is provided with a plurality of
ridges 56 protruding from a base part 58 on opposite
sides of the base part. The second piece 54 is also pro-
vided with a plurality of grooves 59 in the form of valleys
arranged between the ridges 56. The walls of the ridges
56 are provided with cooling fins. The upper ends of the
ridges are provided with locking members 14 to be en-
gaged to bottom parts 60 of the grooves 53. The cooling
device also includes a third piece 62 designed in the
same way as the first piece 50. The pieces 50,54,62 are
extruded in the same way as described above.
[0041] Figure 10 shows a heat exchanger including a
plurality of channels 70 for transportation of media of a
first temperature and a plurality of channels 72 for trans-
portation of media of a second temperature, which differs
from the first temperature. The pieces 50,54,62 are joined
together, for example, by welding.
[0042] The present invention is not limited to the em-
bodiments disclosed but may be varied and modified
within the scope of the following claims. For example,

the design of the protruding elements and the grooves
can be varied in many different ways. In another embod-
iment, the channels can be without any cooling fins.

Claims

1. A cooling device including a cooling surface (20)
adapted to be in contact with a component to be
cooled, wherein the device comprises a first (2;40;
50) extruded piece including a plurality of grooves
(21;53) and a second (1;42;54) extruded piece in-
cluding a plurality of protruding elements (8;56) ex-
tending into the grooves of the first piece, the first
and second pieces are joined together and the pro-
truding elements and the corresponding grooves are
designed such that a plurality of flow channels for
transportation of a cooling fluid (30;70) are formed
between the grooves and corresponding protruding
elements characterized in that the flow channels
are elongated and arranged with their longitudinal
axes inclined with respect to the cooling surface.

2. The cooling device according to claim 1, wherein the
angle between the longitudinal axes of the flow chan-
nels and an axis orthogonal to the cooling surface is
between 5° and 45°.

3. The cooling device according to claim 1, wherein the
angle between the longitudinal axes of the flow chan-
nels and an axis orthogonal to the cooling surface is
between 10° and 15°.

4. The cooling device according to any of the previous
claims, wherein the protruding elements (8;56) are
tapered towards their outer ends and the grooves
(21;53) are narrowed toward their bottoms.

5. The cooling device according to any of the previous
claims, wherein the ration between the height (h) and
the width (w) of the flow cannels (30) is more than
5, preferably more than 8, and most preferably more
than 10.

6. The cooling device according to any of the previous
claims, wherein the width (w) of the flow channels is
less than 10mm, preferably less than 5mm and most
preferably less than 2mm.

7. The cooling device according to any of the previous
claims, wherein the first (2;40;50) and second (1;42;
54) extruded pieces are joined together by means
of Friction Stir welded joints.

8. The cooling device according to any of the previous
claims, wherein the device is made of aluminum or
an aluminum alloy.
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9. The cooling device according to any of the previous
claims, wherein the outer ends (14) of the protruding
elements (8) and the bottom (26) of the grooves are
designed to engage to each other in order to cold-
weld the pieces together.

10. The cooling device according to any of the previous
claims, wherein the protruding elements (8) and the
corresponding grooves (21) are designed such that
one channel (30) is formed on each side of the pro-
truding element between the walls of the protruding
element and the groove.

11. The cooling device according to any of the previous
claims, wherein at least one of the inner (21 a-b) and
outer (10a-b) walls are provided with cooling fins
(12).

12. The cooling device according to any of the previous
claims, wherein the device is a liquid cooler adapted
to cool electronic components.

13. Use of the cooling device according to any of the
claims 1 - 12 for cooling electronic components.

14. Use of the cooling device according to any of the
claims 1-12 in a heat exchanger.
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