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Description

[0001] The object of the invention is a flat tube for a
heat exchanger and a heat exchanger.

[0002] There are known in the art tubes for heat ex-
changers, for example condensers, which are used to
guide a fluid and enable its cooling.

[0003] Such heat exchangers can be implemented in
vehicles, e.g. cars. These vehicles are directly exposed
to debris such as stones or other objects, either when
they are moving or when they are stationary. The stones
can travel at significant speed and can impact the heat
exchanger, which in most cases is situated in front of the
car and is at least partly exposed or can be reached after
passing through the radiator grill. Impact of such objects
can cause damage to the elements of the heat exchang-
er, which may lead to leaks of the fluid flowing through
them and/or to deterioration of their performance.
[0004] Itis thus desirable to provide an improved tube
for a heat exchanger, which would be more resistant to
debris and consequently which would reduce a chance
of leakage and/or decrease in performance.

[0005] The object of invention is a flat tube for a heat
exchanger, with two open ends defining its longitudinal
direction, comprising a first wall and a second wall which
are flat and parallel to each other, thereby delimiting the
inner space of the tube, and further comprising an inner
fin located between the firstand the second wallls, where-
in one of the lateral sides of the first wall comprises a
main fold running along the longitudinal direction, where-
in arms of the main fold form a slit facing the inner space
of the tube, and the lateral side of the second wall is bent
to cover the main fold.

[0006] Preferably, the lateral side of the fin adjacent to
the main fold leans on the slit of the main fold.

[0007] Preferably, the lateral side of the fin adjacent to
the main fold is placed inside the slit of the main fold.
[0008] The object of the invention is a flat tube for a
heat exchanger and a heat exchanger.

[0009] There are known in the art tubes for heat ex-
changers, for example condensers, which are used to
guide a fluid and enable its cooling.

[0010] Such heat exchangers can be implemented in
vehicles, e.g. cars. These vehicles are directly exposed
to debris such as stones or other objects, either when
they are moving or when they are stationary. The stones
can travel at significant speed and can impact the heat
exchanger, which in most cases is situated in front of the
car and is at least partly exposed or can be reached after
passing through the radiator grill. Impact of such objects
can cause damage to the elements of the heat exchang-
er, which may lead to leaks of the fluid flowing through
them and/or to deterioration of their performance.
[0011] Documents DE102007004993A1,
US2009019695A1, US2012031602A1 and
DE102006016711A1 show the exemplary solutions ac-
cording to the preamble of claim 1.

[0012] Itis thus desirable to provide an improved tube
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for a heat exchanger, which would be more resistant to
debris and consequently which would reduce a chance
of leakage and/or decrease in performance.

[0013] The object of invention is a flat tube for a heat
exchanger, with two open ends defining its longitudinal
direction, comprising a first wall and a second wall which
are flat and parallel to each other, thereby delimiting the
inner space of the tube, and further comprising an inner
fin located between the first and the second walls, where-
in one of the lateral sides of the first wall comprises a
main fold running along the longitudinal direction, where-
in arms of the main fold form a slit facing the inner space
of the tube, and the lateral side of the second walll is bent
to cover the main fold.

[0014] Preferably, the lateral side of the fin adjacent to
the main fold leans on the slit of the main fold.

[0015] Preferably, the lateral side of the fin adjacent to
the main fold is placed inside the slit of the main fold.
[0016] Preferably, the lateral side of the fin adjacent to
the main fold, placed inside the slit, is a single layer of
that fin.

[0017] Preferably, the lateral side of the fin adjacent to
the main fold, placed inside the slit, is compressed by
the arms of the main fold.

[0018] Preferably, plane of the slit is parallel to planes
of the first wall and the second wall.

[0019] Preferably, the slitis located in the middle of the
distance between the first wall and the second wall.
[0020] Preferably, the slit of the main fold is displaced
towards the plane of the first wall or the second wall.
[0021] Preferably, the lateral side of the first wall com-
prises a secondary fold, adjacent to one of the arms of
the main fold.

[0022] Preferably, the lateral side of the first wall com-
prises two secondary folds, adjacent to both arms of the
main fold.

[0023] Preferably, the lateral side of the second wall,
bent over the main fold, is folded along this main fold.
[0024] Preferably, the thickness of the reinforced tube
nose in lateral directionisinthe range [ 0.5 x tube height ;
1.5 x tube height] and preferentially in the range [ 0.5 x
tube height ; tube height].

[0025] Another object of the invention is a heat ex-
changer comprising a tube as described.

[0026] The object of the invention has been presented
by means of a drawing, in which:

Fig. 1 shows a general shape of a flat tube,

Fig.2 presents a tube according to the first embodi-
ment,

Fig. 3 presents exemplary path of stones impacting
the tube.

Fig.4 presents a tube according to the second em-

bodiment,
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Fig. 5 presents a tube according to the third embodi-
ment,

Fig. 6  presents atube according to the fourth embod-
iment.

[0027] Fig. 1 presents a general shape of a flat tube

which is an object of the invention. The invention specif-
ically regards tube nose, which is depicted in detail in the
following figures. The tube is defined by reference to gen-
eral directions: longitudinal and lateral. These are pre-
sented in Fig. 1, as y axis and x axis, respectively. The
reinforced tube nose can be located on the front area of
the heatexchanger (e.g.condenser), e.g. facing the road.
[0028] Fig. 2 shows a flat tube according to the inven-
tion in the first embodiment. The tube comprises a first
wall 1 and a second wall 2, which are flat and parallel to
each other. Together they delimit the inner space of the
tube. The tube has two opened ends, which define a lon-
gitudinal direction of the tube and a general path for the
fluid flow. The tube can further comprise an inner fin 3.
The fin can be a corrugated fin having a wave-like form.
Other shapes of fins are also envisaged. One of the lat-
eral sides of the first wall 1 is folded to form a main fold
4 along the longitudinal direction. The main fold 4 com-
prises a slit 5 facing the delimited space inside the flat
tube. This slit 5 is constituted by two substantially parallel
arms of the main fold 4. The term "slit" is used here to
describe a very narrow gap of possibly minimal or no
play, as opposed to a channel of height larger than a
thickness of a single layer of the fin 3. The lateral side
end of the fin 3, adjacent to the main fold 4, can be leaned
on the slit 5 of the main fold 4. This may facilitate posi-
tioning of the fin 3 in the tube during manufacturing. Fur-
ther, the lateral side end of the fin 3, adjacent to the main
fold 4, can be placed inside the slit 5 of the main fold 4.
In this way, the fin 3 can be attached to the tube by being
compressed by arms of said main fold 4. By compression
it is meant that the fin 3 inside the slit 5 is contacted and
pressed by both arms of the main fold 4 substantially
along all their lengths. Fragment of the fin 3 inside the
slit 5 enhances resistance of the tube nose. Moreover,
such attachment of the fin 3 inside the main fold 4 im-
proves the whole arrangement of the flat tube against
shocks from impacts, improving its mechanical integrity,
e.g. by preventing movement of the fin 3 inside the tube
upon strong hit.

[0029] The main fold 4 can be formed in the middle
between the first wall 1 and the second wall 2, so that
the slit 5 will also be in the middle between the first wall
1 and the second wall 2. This facilitates a substantially
identical resistance from both sides of the tube, i.e. the
resistance will be improved substantially identically with
respect to stones impacting from the side of the first wall
1 and from the side of the second wall 2, as illustrated in
Fig. 3.

[0030] It is also envisaged to position the main fold 4
(and consequently the slit 5) at another distance with
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respectto the first or second walls. For example, the main
fold 4 located closer to the first wall 1 will contribute more
toits resistance from the side of said first wall 1. Similarly,
the main fold 4 located nearer the second wall 2 will con-
tribute more to its resistance from the side of said second
wall 2. In other words, the slit 5 (plane of the slit) of the
main fold 4 can be displaced towards the plane of the
first or second wall 1, 2. By term "plane" it is meant a
general plane of the flat portion. Such feature may be
advantageous in case of an unorthodox arrangement of
the tubes, e.g. oriented an angle with respect to driving
direction or at angle corresponding to statistically more
probable angle of stone impact.

[0031] Preferably, the lateral side of the fin 3 adjacent
to the main fold 4, placed inside the slit 5, is a single layer
of that fin 3. This simplifies the manufacturing process
and saves material.

[0032] Preferably, the slit 5 is substantially parallel to
the first and second walls, and to the general lateral di-
rection of the fin 3. In other words, plane of the slit 5 is
parallel to planes of the first wall 1 and the second wall
2. Consequently, the fragment of the fin 3 placed inside
the slit 5 effectively enhances the rigidity of the tube at
minimal cost of both production and material. Atthe same
time, such orientation ensures a substantially identical
resistance from both sides of the tube, as illustrated in
Fig. 3.

[0033] The respective end of the second wall 2 is bent
around the main fold 4 so that it encompassesiit. In other
words, the lateral end of the second wall 2 forms a side
wall 6, which covers the main fold 4 of the first wall 1.
This further strengthens the tube. At the same time it
protects the main fold 4 and enables the tube to have a
unitary, unobtrusive shape.

[0034] Fig. 4 shows the second embodiment of the in-
vention. In this embodiment, the side wall 6 also com-
prises a fold. This fold extends along the circumference
of the main fold 4. This provides a more resistant side
wall 6, because it is layered and consequently harder to
damage, bend etc.

[0035] Fig. 5 shows the third embodiment of the inven-
tion. In this embodiment, the lateral side of the first wall
1 further comprises secondary folds 7, before and after
(above and below) the main fold 4 with slit 5. These sec-
ondary folds 7 improve resistance of the tube at lateral
side. They also allow to impart more pressure onto the
lateral end of the fin 3 inserted into the slit 5, e.g. by
further compression of the main fold 4, thereby improving
connection of the fin 3 to the flat tube. Selecting the
number of the secondary folds 7 enables for easy control
of the general height of the flat tube, as their countdirectly
translates into combined thicknesses.

[0036] Fig. 6 shows the fourth embodiment of the in-
vention. This embodiment comprises a secondary fold
7, before (above) the main fold 4 with slit 5. This second-
ary fold 7 improves resistance of the tube at lateral side.
It also allows to impart more pressure onto the lateral
end of the fin 4 inserted into the slit 5, e.g. by further
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compression of the main fold 4, thereby improving con-
nection of the fin 4 to the flat tube. In this embodiment,
the side wall 6 also comprises a fold. This fold extends
along the circumference of the main fold 4. This provides
a more resistant side wall 6, because it is layered and
consequently harder to damage, bend etc.

[0037] The embodiments present a slit 5 of certain lat-
eral length. The lateral length of slit 5 of the main fold 4
is dependent on the lateral length of the arms of the main
fold 4. The longer the slit 5, the more resistant the nose
of the tube, as the thicknesses of the main fold 4 and the
side of the second wall 6 compound at longer distance.
As the side of the fin 4 runs deeper in the slit 5, the re-
sistance is further improved.

[0038] The tube according to the invention may be a
tube made of a single sheet of material. It can also be
made of two sheets of material, constituting for example
separately its first and second walls. Consequently, the
disclosed nose of the tube can be present on one lateral
side of the tube, or both lateral sides of the tube. The
thickness of the reinforced tube nose can be in the range
[ 0.5 x tube height ; 1.5 x tube height] and preferentially
in the range [ 0.5 x tube height ; tube height]. The tube
height here is defined along an axis perpendicular to lon-
gitudinal and lateral directions.

[0039] These tubes can be produced by roll forming,
similar to the process for currently known tubes with
bends or folds.

Claims

1. Aflat tube for a heat exchanger, with two open ends
defining its longitudinal direction, comprising a first
wall (1) and a second wall (2) which are flat and par-
allel to each other, thereby delimiting the inner space
of the tube, and further comprising an inner fin (3)
located between the first and the second walls (1,
2), wherein one of the lateral sides of the first wall
(1) comprises a main fold (4) running along the lon-
gitudinal direction, wherein arms of the main fold (4)
form a slit (5) facing the inner space of the tube, and
the lateral side (6) of the second wall (2) is bent to
cover the main fold (4), whereas the slit (5) of the
main fold (4) is displaced towards the plane of the
firstwall (1) or the second wall (2), characterized in
that a lateral side end of the fin (3) adjacent to the
main fold (4) is placed inside the slit (5) of the main
fold (4), and wherein both sides of the fin (3) are
compressed by the arms of the main fold (4).

2. The tube according to claim 1, wherein the lateral
side of the fin (3) adjacent to the main fold (4) leans
on the slit (5) of the main fold (4).

3. The tube according to claim 1, wherein the lateral
side of the fin (3) adjacent to the main fold (4) is
placed inside the slit (5) of the main fold (4).

10

15

20

25

30

35

40

45

50

55

4. The tube according to claim 3, wherein the lateral
side of the fin (3) adjacent to the main fold (4), placed
inside the slit (5), is a single layer of that fin (3).

5. Thetubeaccordingto claim 3 or4, wherein the lateral
side of the fin (3) adjacent to the main fold (4), placed
inside the slit (5), is compressed by the arms of the
main fold (4).

6. The tube according to any preceding claim, wherein
plane of the slit (5) is parallel to planes of the first
wall (1) and the second wall (2).

7. The tube according to any preceding claim, wherein
the slit (5) is located in the middle of the distance
between the first wall (1) and the second wall (2).

8. The tube according to any preceding claim, wherein
the lateral side of the first wall (1) comprises a sec-
ondary fold (7), adjacent to one of the arms of the
main fold (4).

9. The tube according to any preceding claim, wherein
the lateral side of the first wall (1) comprises two
secondary folds (7), adjacent to both arms of the
main fold (4).

10. The tube according to any preceding claim, wherein
the lateral side of the second wall (2), bent over the
main fold (4), is folded along this main fold (4).

11. The tube according to any preceding claim, wherein
the thickness of the reinforced tube nose in lateral
direction is in the range [ 0.5 x tube height; 1.5 x
tube height] and preferentially in the range [ 0.5 x
tube height ; tube height].

12. A heat exchanger comprising a tube according to
any of claim 1-11.

Patentanspriiche

1. Flachrohr fir einen Warmetauscher, wobei zwei of-
fene Enden dessen Langsrichtung definieren, um-
fassend eine erste Wand (1) und eine zweite Wand
(2), die flach und parallel zueinander sind und da-
durch den Innenraum des Rohrs begrenzen, und fer-
ner umfassend eine Innenlamelle (3), die zwischen
der ersten und zweiten Wand (1, 2) angeordnet ist,
wobei eine der lateralen Seiten der ersten Wand (1)
einen Hauptfalz (4) umfasst, der entlang der Langs-
richtung verlauft, wobei die Arme des Hauptfalzes
(4) einen Schlitz (5) ausbilden, der dem Innenraum
des Rohrs zugewandt ist, und wobei die laterale Sei-
te (6) der zweiten Wand (2) gekrimmt ist, um den
Hauptfalz (4) abzudecken,
wohingegen der Schlitz (5) des Hauptfalzes (4) zur
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Ebene der ersten Wand (1) oder der zweiten Wand
(2) hin versetzt ist, dadurch gekennzeichnet, dass
ein laterales Seitenende der Lamelle (3), das an den
Hauptfalz (4) angrenzt, innerhalb des Schlitzes (5)
des Hauptfalzes (4) platziertist, und wobei beide Sei-
ten der Lamelle (3) durch die Arme des Hauptfalzes
(4) zusammengedriickt werden.

Rohr nach Anspruch 1, wobei die laterale Seite der
Lamelle (3), die an den Hauptfalz (4) angrenzt, am
Schlitz (5) des Hauptfalzes (4) anlehnt.

Rohr nach Anspruch 1, wobei die laterale Seite der
Lamelle (3), die an den Hauptfalz (4) angrenzt, in-
nerhalb des Schlitzes (5) des Hauptfalzes (4) plat-
ziert ist.

Rohr nach Anspruch 3, wobei die laterale Seite der
Lamelle (3), die an den Hauptfalz (4) angrenzt, die
innerhalb des Schlitzes (5) platziertist, eine einzelne
Lage dieser Lamelle (3) ist.

Rohr nach Anspruch 3 oder 4, wobei die laterale Sei-
te der Lamelle (3), die an den Hauptfalz (4) angrenzt,
die innerhalb des Schlitzes (5) platziert ist, durch die
Arme des Hauptfalzes (4) zusammengedriickt wird.

Rohr nach einem der vorstehenden Anspriiche, wo-
bei die Ebene des Schlitzes (5) parallel zu den Ebe-
nen der ersten Wand (1) und der zweiten Wand (2)
verlauft.

Rohr nach einem der vorstehenden Anspriiche, wo-
bei der Schlitz (5) in der Mitte der Entfernung zwi-
schen der ersten Wand (1) und der zweiten Wand
(2) angeordnet ist.

Rohr nach einem der vorstehenden Anspriiche, wo-
bei die laterale Seite der ersten Wand (1) einen se-
kundaren Falz (7) umfasst, der an einen der Arme
des Hauptfalzes (4) angrenzt.

Rohr nach einem der vorstehenden Anspriiche, wo-
bei die laterale Seite der ersten Wand (1) zwei se-
kundare Falze (7) umfasst, die an beide Arme des
Hauptfalzes (4) angrenzen.

Rohr nach einem der vorstehenden Anspriiche, wo-
bei die laterale Seite der zweiten Wand (2), die tUber
den Hauptfalz (4) gekrimmt ist, entlang dieses
Hauptfalzes (4) gefalzt ist.

Rohr nach einem der vorstehenden Anspriiche, wo-
bei die Starke der verstarkten Rohrnase in laterale
Richtungim Bereich von[0,5 x Rohrhéhe; 1,5 x Rohr-
héhe] und vorzugsweise im Bereich von [0,5 x Rohr-
héhe; Rohrhohe] liegt.

(]

10

15

20

25

30

35

40

45

50

55

12. Warmetauscher, ein Rohr nach einem der Anspri-

che 1-11 umfassend.

Revendications

Tube plat pour échangeur de chaleur, avec deux ex-
trémités ouvertes définissant sa direction longitudi-
nale, comprenant une premiére paroi (1) et une se-
conde paroi (2) qui sont plates et paralléles I'une a
I'autre, délimitant ainsi I'espace intérieur du tube, et
comprenant en outre une ailette intérieure (3) située
entre la premiéere et la seconde paroi (1, 2), dans
lequel I'un des cotés latéraux de la premiére paroi
(1) comprend un pli principal (4) s’étendant le long
de la direction longitudinale, dans lequel les bras du
pli principal (4) forment une fente (5) orientée vers
I'espace intérieur du tube, et le coté latéral (6) de la
seconde paroi (2) est plié pour couvrir le pli principal
(4), tandis que la fente (5) du pli principal (4) est
déplacée vers le plan de la premiére paroi (1) ou de
la seconde paroi (2), caractérisé en ce qu’une ex-
trémité latérale de l'ailette (3) adjacente au pli prin-
cipal (4) est placée a l'intérieur de la fente (5) du pli
principal (4), etdans lequel les deux cotés de l'ailette
(3) sont comprimés par les bras du pli principal (4).

Tube selon la revendication 1, dans lequel le coté
latéral de l'ailette (3) adjacent au pli principal (4) s’in-
cline sur la fente (5) du pli principal (4).

Tube selon la revendication 1, dans lequel le coté
latéral de l'ailette (3) adjacent au pli principal (4) est
placé a l'intérieur de la fente (5) du pli principal (4) .

Tube selon la revendication 3, dans lequel le coté
latéral de l'ailette (3) adjacent au pli principal (4),
placé a l'intérieur de la fente (5), est une couche
unique de cette ailette (3).

Tube selon la revendication 3 ou 4, dans lequel le
coté latéral de l'ailette (3) adjacent au pli principal
(4), placé a lintérieur de la fente (5), est comprimé
par les bras du pli principal (4).

Tube selon l'une quelconque des revendications
précédentes, dans lequel le plan de la fente (5) est
paralléle aux plans de la premiére paroi (1) et de la
seconde paroi (2).

Tube selon l'une quelconque des revendications
précédentes, dans lequel la fente (5) est située au
milieu de la distance entre la premiere paroi (1) et la
seconde paroi (2).

Tube selon l'une quelconque des revendications
précédentes, dans lequel le coté latéral de la pre-
miere paroi (1) comprend un pli secondaire (7), ad-
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jacent a I'un des bras du pli principal (4).

Tube selon l'une quelconque des revendications
précédentes, dans lequel le cbté latéral de la pre-
miére paroi (1) comprend deux plis secondaires (7),
adjacents aux deux bras du pli principal (4).

Tube selon l'une quelconque des revendications
précédentes, dans lequel le c6té latéral de la secon-
de paroi (2), replié sur le pli principal (4), est plié le
long de ce pli principal (4).

Tube selon l'une quelconque des revendications
précédentes, dans lequel I'épaisseur du nez du tube
renforcé dans la direction latérale est comprise entre
[ 0,5 x la hauteur du tube ; 1,5 x la hauteur du tube ]
et de préférence entre [ 0,5 x la hauteur du tube ; la
hauteur du tube ].

Echangeur de chaleur comprenant un tube selon
'une quelconque des revendications 1 a 11.
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Fig. 2
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Fig. 3
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Fig. 5

Fig. 6
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