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(57) The present invention relates to a cooler tube 1
made of a continuous flat strip material 2, which is folded
into at least one elongated loop 3, which surrounds a
closed cavity 4 and which runs in the cavity 4 in a wavy
manner, forming individual cooling channels 5 by con-
tacting the loop 3, wherein a wavy portion 6, 6’ is formed
by a respective edge region 7, 7’ of the flat strip material
2, and the loop 3 is formed by the intermediate center
region 8 of the flat strip material 2. The cooler tube 1 is

characterized in that the loop 3 of the flat strip material
2 has a higher thickness of material than a wavy section
6, 6 ’and / or the flat strip material 2 in the wavy section
6, 6’ has openings 8, preferably regularly arranged break-
through patterns. The invention also relates to a method
for producing this cooler tube, a mold wheel for use in
this method, and a preferred use of the cooler tube, in
particular for charge air cooling for a combustion engine
of a vehicle.
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Description

[0001] The present invention relates to a cooler tube
according to the preamble of claim 1, a method for pro-
ducing such a cooler tube according to claim 5, a mould
wheel for use in this method according to claim 9 and a
preferred use of the cooler tube according to claim 14.
[0002] Light and efficient heat exchangers which mere-
ly incur low investment costs are usually required. For
example, a charge air cooler tube requires a suitable bal-
ance between high heat transfer coefficient, compressive
strength and jacket and turbulator surface. These spec-
ifications determine the present design and manufacture
of a charge air cooler tube in which the cooler jacket is
manufactured separately from the turbulator made of a
’thicker’ material or conversely the turbulator is manufac-
tured separately from the cooler jacket made of ’thinner’
material and both components are joined together sub-
sequently.
[0003] However, a heat exchanger constructed of two
components allows no reduction in the fabrication time
and in addition no reduction in the material thickness of
each of the components so that no weight reduction is
achieved. Known from the German Patent Application
DE 10 205 043 093 A1 for example is a cooler tube in
which two flat strip materials of different thickness are
used for the separate construction of cooler jacket and
turbulator (swirler)
[0004] The Japanese Patent Application JPH 10 193
085 A and also the European Patent Application EP 2
388 656 A2 on the other hand disclose a cooler tube
whose cooler jacket and also turbulator is folded from a
single continuous flat strip material. In addition to the lack
of weight saving, it is also disadvantageous that these
only use smooth turbulators which are not suitable for a
higher heat dissipation over a shorter distance. Different-
ly designed turbulators are known for example from the
Japanese Patent Applications JP 6 313 691 A and JP 11
101 586 A.
[0005] Specifically smaller, lighter and at the same time
more powerful motors will require turbo- instead of water-
cooled charge air coolers which also deliver the neces-
sary cooling. Primarily a weight reduction and increase
in efficiency of the cooler tubes is required for this.
[0006] This problem is solved according to the inven-
tion by the subject matters of the independent claims 1,
5, 9 and 14. Advantageous embodiments are the subject
matter of the dependent claims.
[0007] The present invention is based on the general
idea of producing a cooler tube from a single component
instead of from two components as hitherto, the material
thickness of which is suitably varied in the moulding proc-
ess. The material thickness should be understood here
as the material mass per unit volume. To this end, a cooler
tube is made of a continuous flat strip material which is
folded into at least one elongated loop, which surrounds
a closed cavity and which runs in the cavity in a wavy
manner, wherein individual cooling channels are formed

by contacting the loop and a wavy portion is formed from
a respective edge region of the flat strip material and the
loop is formed from the interposed centre region of the
flat strip material. According to the invention it is provided
that the loop of the flat strip material has a higher material
thickness than a wavy portion. A cooler tube designed in
such a manner can be produced in a particularly simple
manner from a single continuous flat-strip material and
is also particularly light as a result of the weight-reduced
turbulator. As a result of its reduced material thickness,
this can additionally have more corrugations so that the
capacity of the cooler tube is overall improved. According
to the invention, in the wavy portion this alternatively or
additionally has alternative or additional openings, pref-
erably regularly arranged opening patterns. The capacity
of the cooler tube is also increased by the turbulence-
generating openings which act like a standard offset pan-
el in a turbulator. The material thickness of the flat strip
material can be achieved in this case in a simple manner
in the moulding process of the cooler tube by stretching
and/or perforation of the edge zones.
[0008] In a preferred embodiment of the cooler tube it
is provided in this case that the openings are designed
to be polygonal and/or slot-like and are preferably ar-
ranged spatially offset with respect to one another. A po-
lygonal design of the openings allows a particularly good
turbulence of the fluid stream not only at the edges of an
opening however formed, but also at the corners thereof
which provide for a secure flow separation. Slot-like
openings on the other hand are particularly strong on
turbulence as a result of the separation length of their
edges. As a result of the spatial offset thereof, ultimately
a wide-area turbulence of the fluid can be accomplished
in the cooler tube in a simple and effective manner. As
required, the slot-like openings preferably in this case
run in the longitudinal and/or transverse direction of at
least one cooling channel so that a particularly efficient
turbulence is obtained which is required for better contact
of the cooling channel walls.
[0009] In a further preferred embodiment of the cooler
tube according to the invention, the flat strip material has
lamellae in the wavy portion which allows the specific
guiding of the fluid stream beyond the pure openings and
increases the turbulence. The cooler tube here preferably
has regularly arranged lamella patterns so that a wide-
area turbulence is ensured.
[0010] The preceding object is also solved by a method
for producing the described cooler tube in which respec-
tive edge zones of a continuous flat strip material are
folded in a wavy manner and an interposed centre region
of the flat strip material is folded in an elongated loop
shape around a wavy portion so that these form individual
cooling channels by contacting the loop, characterized
in that the edge zones of the flat strip material are
stretched before or during the wavy folding so that these
have a smaller material thickness than the centre region
thereof and/or are previously provided with openings,
preferably with opening patterns. The advantage of this
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method can in particular be seen in that by means of a
skilful selection and ordering of the process steps, only
a single workpiece is required to obtained the cooler tube
according to the invention. As a result, the method ac-
cording to the invention is particularly simple and efficient
and the manufacture of a cooler tube is extremely cost-
effective. At the same time, specifically due to the stretch-
ing and/or interruption of the flat strip material in its edge
zones, a significant weight reduction of the cooler tube
fabricated therefrom can be achieved.
[0011] In a preferred configuration of the method ac-
cording to the invention, it is provided that a portion to be
folded in a wavy manner is previously provided with la-
mellae, preferably with lamella patterns in order to enable
a specific and preferably wide-area guiding of the fluid
stream. The lamellae can be attached in this process
step for example by stamping rollers or dies known per
se.
[0012] In a further preferred embodiment of the meth-
od, it is provided that the flat strip material is provided
with notches to form fold edges, in particular in its centre
region, with the result that the folding process is signifi-
cantly simplified without making the method of manufac-
ture itself more complicated. This is because these notch-
es can be produced by stamping rollers or dies known
per se, ideally together with the openings in the flat band
material.
[0013] In a particularly preferred embodiment of the
method according to the invention, it is provided that a
wavy portion is formed with a mould wheel which is
pressed into the flat strip material and rolled therein. Such
a mould wheel can in particular be rolled in a running flat
material strand, which enables a particularly efficient and
simple processing of the strand before cutting into indi-
vidual cooler tubes to be folded. In principle, it is naturally
also possible to use entire series of mould wheels in order
to produce the wavy portions. Depending on the config-
uration of the rolling surface of the mould wheel with pro-
jections and/or recesses, openings and/or lamellae can
be produced simultaneously in the flat band material. Ad-
ditionally or alternatively to stretching the edge zones for
example by flat rolling, in the step of producing wavy sec-
tions, a stretching of the material can be performed by
using the mould wheel.
[0014] The preceding object is also solved by a mould
wheel for use in a method of manufacture described for
a cooler tube, having a cross-sectional profile configured
to be wavy when viewed in the circumferential direction
and projections and /or recesses arranged regularly
along the circumference thereof for pressing correspond-
ingly moulded openings and/or lamellae into the flat strip
material. The mould wheel or wheels of a last moulding
station before the folding process of the flat strip material
can in this case for example hav side teeth which attach
the openings in the flat strip material and/or produce off-
sets in the material which are suitable for making the fluid
stream turbulent.
[0015] In a preferred embodiment of the mould wheel

according to the invention, it is provided that the projec-
tions and/or recesses are arranged on at least one of the
bilateral flanks of the wavy cross-sectional profile. It is
thus possible to process both flanks of one corrugation
at the same time which additionally allows a matched
shaping and arrangement of embossings which ensures
particularly good turbulence.
[0016] In a further particularly preferred embodiment
of the mould wheel according to the invention, the pro-
jections and/or recesses are designed to be polygonal
and/or elongated and are preferably arranged spatially
offset with respect to one another with the result that cor-
respondingly shaped openings can be produced with or
without lamellae positioned thereon, which ensure a flow
separation at their edges and in particular at their corners.
[0017] In yet another preferred embodiment of the
mould wheel according to the invention, it is additionally
provided that the elongated projections and/or recesses
are aligned in the running direction or transversely to the
running direction of the mould wheel, with the result that
particularly efficient turbulence is achieved with the con-
sequence of higher heat transfer at a cooling channel
wall.
[0018] In yet another preferred embodiment of the
mould wheel according to the invention, it is also provided
that the elongated projections and/or recesses are
formed for pressing lamella-reinforced openings which
enables a simultaneous turbulence as a result of flow
separation edges and also specific guiding of the fluid
stream. In principle, however it is also possible to attach
opening-free embossings in the flat strip material such
as, for example, spherical or cubic offsets which bring
about a flow separation.
[0019] As a result of its comparatively low weight and
its particularly high heat transmission capacity with low
manufacturing costs at the same time, a cooler tube fab-
ricated in such a manner should preferably be used as
a cooler or condenser, in particular a charge air cooler
for an internal combustion engine of a vehicle.
[0020] Finally, the basic problem is also solved by the
use of a cooler tube of the previously described type as
or in a cooler or condenser, in particular as a charge air
cooler for an internal combustion engine of a vehicle.
[0021] Further important features and advantages of
the invention are obtained from the subclaims, from the
drawings and from the relevant description of the figures
with reference to the drawings.
[0022] It is understood that the features mentioned pre-
viously and to be explained further hereinafter can be
used not only in the respectively given combination but
also in other combinations or alone without departing
from the scope of the present invention.
[0023] Preferred exemplary embodiments of the inven-
tion are presented in the drawings and are explained in
detail in the following description, where the same refer-
ence numbers relate to the same or similar or functionally
the same components.
[0024] In the figures, in each case schematically
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Fig. 1a shows a perspective view of a part of a
cooler tube according to the invention;

Fig. 1b shows a perspective view of the cooler
tube of Figure 1a with folded edge zones;

Fig. 1c shows a perspective view of the left edge
zone of the cooler tube of Figure 1b ;

Figs. 2a-2i shows a sequence of the process for pro-
ducing the cooler tube of Figure 1a;

Fig. 3a shows a perspective view of a cooler tube
to be folded according to the invention,
with openings and lamellae;

Fig. 3b shows the section A-A through a corruga-
tion of the future cooler tube of Figure 3a;

Fig. 4a shows a first mould wheel according to the
invention for use in the method of manu-
facture of Figures 2a-2i;

Fig. 4b shows a second mould wheel according
to the invention for use in the method of
manufacture of Figures 2a-2i;

[0025] Figure 1a shows a perspective view of a part of
the cooler tube 1 according to the invention. The cooler
tube 1 is produced from a flat strip material 2, the edge
zones of which on both sides are formed into wavy por-
tions 6, 6’ and run in a cavity 4 which is formed by a loop
3 of the flat strip material 2 which in turn is produced from
the centre region 8 thereof. Together with the inner walls
of the loop 3, the wavy portions 6, 6’ form individual cool-
ing channels 5 in which a fluid can flow. The wavy portions
6, 6’ are provided with openings 9 arranged in a pattern,
which in this embodiment of the cooler tube 1 are de-
signed to be square. The acute-angled position and offset
arrangement of these openings 9 in the inflow direction
provides for sufficient turbulence of the fluid stream in
the individual cooling channels 5. The sections 6, 6’ run-
ning in a wavy manner have a smaller material thickness
than the loop 3 placed therearound since these were
stretched before or during the folding whilst the material
thickness of the centre region 8 of the flat strip material
2 remains the same. Thus, the cooler tube 1 consists of
precisely one single piece of continuous flat strip material
2 which can be produced by skilful stretching, perforating
and folding, rapidly, simply and cost-effectively. The
number, arrangement and shape of the openings 9 can
be selected as required. At the same time, a cooler tube
1 having a low weight is produced since the portions 6,
6’ running in a wavy manner have a reduced material
thickness, here due to stretching and perforating than
the loop 3 which borders them.
[0026] Figure 1b shows a perspective view of the cool-
er tube 1 of Figure 1a with folded edge zones 7, 7’. Be-

tween these edge zones 7, 7’ the flat strip material 2 has
a centre region 8 which provides longitudinally running
notches on the edges to be folded subsequently in order
to make the folding process of the loop 3 simpler.
[0027] Figure 1c shows a perspective view of the left
edge zone 7 of the cooler tube 1 of Figure 1b. Here the
openings 9 arranged in a pattern can again be seen,
which openings serve on the one hand to produce tur-
bulence of the fluid stream but on the other hand reduce
the material thickness of this portion once again, this be-
ing already reduced by corresponding stretching, for ex-
ample by flat rolling of the flat strip material 2 in the region
to the left of the dot-dash line. As a mirror image, the
same applies to the right-hand edge zone 7’ of the flat
strip material 2. In this way, a cooler tube 1 which is at
the same time light and highly efficient can be produced
by extremely simple processing of the flat strip material 2.
[0028] Figures 2a to 2i show a sequence of the method
for producing the cooler tube 1 of Figure 1a. Figure 2a
initially shows the flat strip material 2 with its two edge
zones 7, 7’ and an interposed centre region 8. In Figure
2b the edge zones 7, 7’ are stretched, wherein the centre
region 8 remains approximately the same.
[0029] Finally the edge zones 7, 7’ are perforated in
Figure 2c, that is provided with openings 9 arranged in
patterns before, in Figure 2d, these regions are folded in
a wavy manner before being finally folded in the direction
of the centre region 8 of the future cooler tube 1 in Figure
2e. The longitudinally running notches are applied in Fig-
ure 2d which supports the folding of the future edges.
Figure 2f finally shows the future wavy portions 6, 6’ fold-
ed towards the centre of the flat strip material 2, which
are folded further towards the centre of the flat strip ma-
terial 2 in Figures 2g and 2h, and finally received com-
pletely in the loop 3 thereby formed which together with
this forms individual cooling channels 5. The method of
manufacture is thus reasonably simple, efficient and
cost-effective and results in a cooling tube 1 that is re-
duced in weight and additionally extremely effective.
[0030] Figure 3a shows a perspective view of a cooler
tube 1 according to the invention with slot-like openings
9’ and lamellae 10 which are attached spatially offset with
respect to one another in an already-folded edge zone 7
of a flat strip material 2. The combination of slot-like open-
ings 9’ and lamellae 10 produced at the same time allows
particularly efficient turbulence of the fluid flowing in the
subsequent cooling channels. In addition, the openings
9’ and the relevant lamellae 10 in each case can be pro-
duced in a single fabrication step and for example applied
by means of a mould wheel according to the invention
over the length of the flat strip material 2.
[0031] Figure 3b shows the section A-A through a cor-
rugation of the future cooler tube of Figure 3a. It can be
seen here that the lamellae 10 are formed from the ma-
terial of the slot-like openings 9’ which is possible for
example as a result of a corresponding stamping proc-
ess. The arrangement of opening 9’ and lamella 10 can
be arranged on both flanks of a corrugation of the folded
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edge zone 7 in order to achieve the highest possible tur-
bulence density of the fluid with thus increased heat ex-
change.
[0032] Figure 4a shows a first mould wheel 11 accord-
ing to the invention for use in the previously described
method of manufacture of Figures 2a to 2i. The mould
wheel 11 has projections 12 which are arranged offset
with respect to one another on its bilateral flanks 13 and
produces the combination of slot-like opening 9 and ap-
purtenant lamella 10 of Figure 3b when it is rolled in the
flat strip material 2. The cross-sectional profile of the roll-
ing surface of the mould wheel 11 can be selected in
precisely the same way as the projections 12 so that a
specifically desired wave shape and therefore configu-
ration of the cooling channels with openings and/or la-
mellae is produced. Thus, the cooling channels 5 can for
example have a box-shaped, triangular or different wave
form. The projections 12 of the mould wheel 11 must not
necessarily form openings 9’ but can merely be designed
to produce spherical or cubic embossings which also pro-
duce turbulence.
[0033] Figure 4b shows a second mould wheel 11’ ac-
cording to the invention for use in the method of manu-
facture of Figures 2a to 2i. Unlike the mould wheel 11 of
Figure 4a, this has a cross-sectional profile of its rolling
surface provided with interior flanks 13 and is provided
with recesses 12’ arranged offset thereon, which for ex-
ample produce the previously described embossings in
the flat strip material 2 of the cooler tube of Figure 3b to
be folded. These embossings are also conducive to the
turbulence of a fluid flowing in the cooling channels and
can be attached to the bilateral flanks of a corrugation of
the edge zone 7.
[0034] In principle, not only a parallel guidance of a
mould wheel in the flat strip material 2 is possible but
also any combined use of different mould wheels which
can be rolled parallel or arranged one behind the other
in the flat strip material 2. The use of the previously de-
scribed mould wheel 12, 12’ allows a particularly simple
and rapid as well as cost-effective folding and perforation
of the edge zones 7, 7’ of a flat strip material 2, which
can be simultaneously stretched by the use of the mould
wheel 12, 12’. In the simplest case, the method of man-
ufacture therefore only consists of the use of the mould
wheel 12, 12’ on the edge zones 7, 7’ of the flat strip
material 2, alternatively the application of notches to fa-
cilitate edge formation and the subsequent folding of the
wavy portions 6, 6’ into a loop 3 in order to produce a
light and at the same time efficient cooler tube 1.
[0035] Such a cooler tube 1 is characterized in partic-
ular by a high heat exchange capacity over shortest dis-
tances which mean that it can preferably be used as cool-
er and condenser, in particular as a charge air cooler for
a small and high-performance internal combustion en-
gine of a vehicle.

Claims

1. A cooler tube (1) made of a continuous flat strip ma-
terial (2) which is folded into at least one elongated
loop (3), which surrounds a closed cavity (4) and
which runs in the cavity (4) in a wavy manner, where-
in individual cooling channels (5) are formed by con-
tacting the loop (3) and a wavy portion (6, 6’) is
formed from a respective edge region (7, 7’) of the
flat strip material (2) and the loop (3) is formed from
the interposed centre region (8) of the flat strip ma-
terial (2), characterized in that the loop (3) of the
flat strip material (2) has a higher material thickness
than a wavy portion (6, 6’) and/or the flat strip material
(2) in the wavy portion (6, 6’) has openings (8), pref-
erably regularly arranged opening patterns.

2. The cooler tube (1) according to claim 1, character-
ized in that the openings (8) are designed to be po-
lygonal and/or slot-like and are preferably arranged
spatially offset with respect to one another.

3. The cooler tube (1) according to claim 2,
characterized in that the slot-like openings (9’) run
in the longitudinal and/or transverse direction of at
least one cooling channel (5).

4. The cooler tube (1) according to any one of the pre-
ceding claims, characterized in that the flat strip
material (2) has lamellae (10), preferably regularly
arranged lamella patterns in the wavy portion (6, 6’).

5. A method for producing a cooler tube (1) according
to any one of the preceding claims in which respec-
tive edge zones (7, 7’) of a continuous flat strip ma-
terial (2) is folded in a wavy manner and an inter-
posed centre region (8) of the flat strip material (2)
is folded in an elongated loop shape around a wavy
portion (6, 6’) so that these form individual cooling
channels (5) by contacting the loop (3), character-
ized in that the edge zones (7, 7’) of the flat strip
material (2) are stretched before or during the wavy
folding so that these have a smaller material thick-
ness than the centre region (8) thereof and/or are
previously provided with openings (9, 9’), preferably
with opening patterns.

6. The method according to claim 5, characterized in
that a portion (6, 6’) to be folded in a wavy manner
is previously provided with lamellae (10), preferably
with lamella patterns.

7. The method according to claim 5 or 6,
characterized in that the flat strip material (2) is
provided with notches to form fold edges, in partic-
ular in its centre region (8).

8. The method according to any one of claims 5 to 7,
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characterized in that a wavy portion (6, 6’) is formed
with a mould wheel (11) which is pressed into the
flat strip material (2) and rolled therein.

9. A mould wheel (11, 11’) for use in a method accord-
ing to any one of claims 6 to 9, having a cross-sec-
tional profile (2) configured to be wavy when viewed
in the circumferential direction and projections and
/or recesses (12, 12’) arranged regularly along the
circumference thereof for pressing correspondingly
moulded openings (9’) and/or lamellae (10) into the
flat strip material (2).

10. The mould wheel (11, 11’) according to claim 9,
characterized in that the projections and/or recess-
es (12, 12’) are arranged on at least one of the bilat-
eral flanks (13) of the wavy cross-sectional profile.

11. The mould wheel (11, 11’) according to claim 9 or 10,
characterized in that the projections and/or recess-
es (12, 12’) are designed to be polygonal and/or elon-
gated and are preferably arranged spatially offset
with respect to one another.

12. The mould wheel (11, 11’) according to any one of
claims 9 to 11, characterized in that the elongated
projections and/or recesses (12, 12’) are aligned in
the running direction or transversely to the running
direction of the mould wheel (11, 11’).

13. The mould wheel (11, 11’) according to any one of
claims 9 to 12, characterized in the elongated pro-
jections and/or recesses (12, 12’) are formed for
pressing lamella-reinforced openings (9’, 10).

14. Use of a cooler tube (1) according to any one of
claims 1 to 4 as a cooler or condenser, in particular
as a charge air cooler for an internal combustion en-
gine of a vehicle.
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