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(54) A FLAT TUBE

(57) Theobject of the invention is, interalia, a flat tube
(1) for the flow therein of a first fluid in a heat exchanger,
the tube (1) being formed by bending a sheet metal strip
(2) along the lengthof thestrip, the tubecomprising: a first
main wall (4); a second main wall (5) parallel to the first
main wall (4), said main walls (4, 5) being substantially
flat; two complementary sidewall portions (6) joining said
main walls together so as to define a closed profile of the
tube (1), wherein the first main wall (4) and/or the second
main wall (5) further comprises at least one deflector
(100), wherein each deflector (100) is integral with the
main wall (4,5) from which it is formed from, wherein the
deflector (100) protrudes outwardly form the closed pro-
file of the tube (1). The Invention also concerns a heat
exchanger (1000) for heat exchange between the first
fluid and at least second fluid, comprising at least one flat
tube (1) and amotor vehicle comprising at least one heat
exchanger (1000).
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a flat tube. In particular,
the invention relates to a flat tube for a heat exchanger.

BACKGROUND OF THE INVENTION

[0002] Heat exchangers having folded flat tubes are
well known in the art. The flat tubes may further be
referred to as simply, tubes. Such heat exchangers typi-
cally include a plurality of the folded flat tubes spaced
apart and arranged in parallel and extending between an
inlet manifold and an outlet manifold.
[0003] The flat tubes may be surrounded by the hous-
ingwhich provides a fluid-tight circuit for the second fluid.
The second fluid rinses the flat tubes, so that the heat
exchange between the first fluid circulating within the flat
tubes and the second fluid circulating in the housingmay
occur. As far as the heat exchanger such aswater charge
air coolers (WCAC)are concerned, the first fluidmaybea
hot charge air, and the second fluid may be liquid of
temperature lower that the first fluid, for example, coolant
fluid.
[0004] The inlet manifold receives a first fluid, and
distributes the first fluid between a plurality of flow path-
ways formed within the flat tubes. The first fluid ex-
changes heat energy with a second fluid flowing through
the spaces between adjacent ones of the flat tubes. After
exchanging the heat energy within the flat tubes, the first
fluid is recombined within the outlet header tank before
exiting the heat exchanger.
[0005] One common construction of a flat tube in-
cludes foldingasheetof aluminum intoa tubular structure
wherein two opposing edges of the sheet are brought
together and then brazed or welded at the resulting a flat
tube. The hollow space of the flat tube may be filled with
so-called inner fins to provide more turbulent flow which,
as consequence, improves the heat exchange.
[0006] Similarly, in order to providemore turbulent flow
of the second fluid, so‑ called trubulators are introduced
in-between the adjacent tubes. The tabulators may be of
different shapes and sizes, yet their role remains the
same.
[0007] One potential issue faced by the traditional
turbulators interlaced with the tubes is associated with
cost of production. Theautomakers tend to lower the cost
of each subcomponent. Standard turbulators used, for
example, in WCAC are designed in a way the that the
turbulator is a separate component inserted between the
tubes. The connection between the turbulators and the
tubes may be achieved during brazing process. Not only
the prior art technology forces increased costs by the
need to design, manufacture and implement additional
component, but also by adding weight and
[0008] Itwould thereforebedesirable toproducea tube
for use in a heat exchanger which would provide means

for replacing traditional turbulators. It would be also de-
sirable that such turbulators exhibit sameof better overall
performance in the heat exchanger. It would be further
desirable that new turbulators may be easily adapted to
customer needs, or optimized to further increase perfor-
mance. Itwouldbealsodesirable thatnew turbulatorsare
inexpensive to produce.

SUMMARY OF THE INVENTION

[0009] The object of the invention is, inter alia, a flat
tube for the flow therein of a first fluid in a heat exchanger,
the tube being formed by bending a sheet metal strip
along the length of the strip, the tube comprising: a first
main wall; a second main wall parallel to the first main
wall, said main wall being substantially flat; two comple-
mentary side wall portions joining said main walls to-
gether soas to definea closed profile of the tube,wherein
the first main wall and/or the second main wall further
comprises at least one deflector, wherein each deflector
is integral with themain wall fromwhich it is formed from,
wherein the deflector protrudes outwardly form the
closed profile of the tube.
[0010] Advantageously, only the first main wall or the
second main wall comprises at least one deflector.
[0011] Advantageously, each of the first main wall and
the second main wall comprises at least one deflector.
[0012] Advantageously, at least two deflectors are on
the samemain wall, wherein all deflectors protrude at the
samedistance, the distance beingmeasured relatively to
the main wall from which said deflectors protrude.
[0013] Advantageously, at least two deflectors are on
the same main wall, wherein at least one deflector com-
prises a first deflector height, and at least one deflector
comprises second deflector height, wherein the first de-
flector height is different from theseconddeflector height,
thedeflector height beingmeasured relatively to themain
wall (4, 5) from which said deflectors protrude.
[0014] Advantageously, the deflector has any of the
shapes: dome, elliptical dome, bell-shaped dome, cone
with rounded corner, cube, cuboid, pyramid.
[0015] Another aspect of the invention is a heat ex-
changer for heat exchange between the first fluid and at
least second fluid, comprising at least one flat tube.
[0016] Advantageously, the heat exchanger further
comprises a pair of headers spaced apart from each-
other, the headers comprising plurality of slots to accom-
modate the flat tubes, the tubes along with the headers
being fluidly connected with each-other to provide a first
fluid circuit, and the housing with second fluid inlet and
secondfluid outlet, thehousingencapsulatingat least the
plurality of flat tubes to provide a fluid-tight second fluid
circuit.
[0017] Advantageously, the tubes are arranged in at
least one stack of tubes, so that the second fluid circuit is
provided between the main walls of the neighboring flat
tubes, so that the intended second fluid flow direction is
deflected by at least one deflector.
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[0018] Advantageously, at least one deflector of one
flat tube is in contact at least with the main wall of the
other, neighboring flat tube, so that the intended second
fluid flow is locally blocked.
[0019] Advantageously, the deflectors of neighboring
flat tubes are arranged alternately so that the deflector
protruding form firstmainwall of one flat tube is in contact
with the second main wall of the adjacent flat tube.
[0020] Advantageously, the deflector protruding form
firstmainwall of oneflat tube fits in the spacebetween the
deflectors located on the second main wall of the adja-
cent flat tube, and the deflector protruding form second
main wall of one flat tube fits in the space between the
deflectors located on the first main wall of adjacent flat
tube.
[0021] Advantageously, the deflectors on the flat tube
are arranged uniformly on the surface of the main wall.
[0022] Advantageously, the deflectors on the flat tube
are arranged non-uniformly on the surface of the main
wall.
[0023] Another aspect of the invention is a motor ve-
hicle comprising at least one heat exchanger.
[0024] The new flat tube with integrated turbulators
allows replacing traditional turbulators, so that fewer
elements need to be designed, produced an implemen-
ted. Further, the flat tubes with new turbulators exhibit
same of better overall performance in the heat exchan-
ger. The new turbulators may be easily adapted to cus-
tomer needs, or optimized to further increase perfor-
mance. As providing new turbulators requires only chan-
ging one tool during the process, the disclosed flat tubes
with integrated turbulators are inexpensive to produce.

BRIEF DESCRITPTION OF DRAWINGS

[0025] Examples of the invention will be apparent from
and described in detail with reference to the accompany-
ing drawings, in which:

Fig. 1 shows a perspective view of the state of the art
flat tube with separate turbulator.

Fig. 2 shows a perspective view of the assembly of
twoflat tubeshaving integrated turbulators in contact
with the neighboring flat wall.

Fig. 3 shows a cross-section view of the flat tubes of
Fig. 2, wherein the flat tubes comprises deflectors.

Fig. 4 shows a perspective view of the assembly of
twoflat tubeshaving integrated turbulators in contact
with the neighboring integrated turbulator.

Fig. 5 shows a cross-section view of the flat tubes of
Fig. 4, wherein the flat tubes comprises deflectors.

Fig. 6 shows a heat exchanger comprising a set of
flat tubes arranged together.

DETAILED DESCRIPTION OF EMBODIMENTS

[0026] The subject-matter of the invention is a flat tube
1 (further referred to as "tube") for the flow of the first fluid
therein in a heat exchanger. The heat exchanger may be
of any type (e.g. WCAC and other) as long as it is
provided with so-called folded tubes. Such tube 1 may
be formed by bending a sheet metal strip 2 along the
length of the strip 2. The sheet of metal may be for
example, aluminum.
[0027] The tube 1 may comprise an outside surface
anda layer of brazemetal 3 thereon. Thebrazematerial 3
may be, for example, a flux. The flux is a chemical
compound applied to the joint surfaces before brazing.
Its use, with a few exceptions, is crucial in the atmo-
spheric brazing process. The braze material 3 may thus
be pre-applied on the corresponding surface of said strip
2 to enhance the quality of the brazing joint.
[0028] As shown in Fig. 1, the tube 1 may further
comprise a first main wall 4, a second main wall 5 which
is substantially parallel with respect to the first main wall
4. Themainwalls 4, 5maybesubstantially flat. The terms
"substantially parallel" and "substantially flat" should be
understood as allowing some deviances from ideal. It is
desired that the walls are perfectly parallel or perfectly
flat, yet one must take into account that during the pro-
duction process or during the operational mode of the
heat exchanger some deviations may occur.
[0029] The tube 1 may further comprise two comple-
mentary side wall portions 6 joining said main walls 4, 5
together so as to define a closed profile of the tube 1. As
shown in Fig. 3, the cross section of the tube may be
substantially rectangular, or rectangular with rounded
corners, yet side wall portions 6 being substantially arc-
uate in shape having a desired radius of curvature are
also envisaged. Other shapes of the tube 1 may be used
without departing from thescopeof thepresent invention.
[0030] Thefirstmainwall 4and/or thesecondmainwall
5 may further comprise at least one deflector 100. Natu-
rally, if two or more tubes 1 are stacked one above the
other, it is preferable that the main walls 4, 5 forming the
terminal walls of the stack are free of any deflectors 100
and the neighboring walls of the adjacent tubes 1 com-
prise such deflectors, as the second fluid circuit may be
formed between the adjacent tubes 1. In the stack, the
tubes 1 are arranged so that the main walls 4,5 of sub-
sequent tube 1 are substantially parallel to themainwalls
4,5 of the preceding tube 1. Each deflector 100 may be
integral with the main wall 4,5 from which it is formed
from. In other words, the deflectors 100 are formed
directly on the surface of the tube, in particular on the
surface of the main wall 4, 5. The deflectors 100 may be
thus formed by stamping. Preferably, the stamping pro-
cess isperformedwaybefore themetal strip2 forming the
tube 1 is folded to close the profile of said tube. This
allows easy production process of the deflectors 100
without a need to create separate sub-components as
traditional turbulators. It is to be noted however, that the

5

10

15

20

25

30

35

40

45

50

55



4

5 EP 4 491 992 A1 6

deflectors 100 protrude outwardly form the closed profile
of the tube 1. In other words, the deflector 100 protrudes
from the outer face of the tube 1, so that said deflector’s
outermost portion faces away from the hollow portion of
the tube 1. This allows the deflection of the fluid which is
not flowing in the tube (first fluid), but to deflect the fluid
rinsing the tube 1 (second fluid).
[0031] The flat tube 1may comprise so-called inner fin
located within, yet it has not been shown for the sake of
clarity of the drawings.
[0032] For deflecting the intended flow direction of the
second fluid, only the first main wall 4 or the secondmain
wall 5may comprise at least one deflector 100, as shown
in Figs 2‑5. Naturally, the number of the deflectors 100
may increase and should be adapted to provide opti-
mized flow, preferably a turbulent one, to increase the
overall efficiency of the heat exchanger, in which the flat
tube 1 is intended to be used.
[0033] As further shown in Figs 2‑5, each of the first
main wall 4 and the second main wall 5 may comprise at
least one deflector 100. Such embodiment refers mainly
to the tubes 1 which are intended to be located in the
middle of the stack of tubes 1. As the second fluid will
rinse both the firstmainwall 4 and the secondmainwall 5
of such tube, it is desired that the intended fluid direction
of said second fluid is deflected on both sides of the tube
1.
[0034] The flat tube 1 may comprise at least two de-
flectors 100 on the same main wall 4,5, wherein all
deflectors 100 protrude at the same height, the height
beingmeasured relatively to themainwall 4, 5 fromwhich
said deflectors 100 protrude. In other words, the outer-
most portions of each individual deflector 100 is at the
same level with respect to the plane formed by the main
wall from which said deflector protrudes from.
[0035] Alternatively, the tube 1may comprise least two
deflectors100on thesamemainwall 4,5,whereinat least
one deflector 100 comprises a first deflector height 100a,
and at least one deflector comprises second deflector
height 100b, wherein the first deflector height 100a is
different from the second deflector height 100b, the de-
flector height100a, 100bbeingmeasured relatively to the
main wall 4, 5 fromwhich said deflectors 100 protrude. In
other words, the outermost portions of each individual
deflector 100 is at the different level with respect to the
plane formed by the main wall from which said deflector
protrudes from, compared to at least one other deflector
100 protruding from the same main wall 4,5.
[0036] The shape of the deflector 100 should be re-
garded as non‑ limiting. The deflector 100may thus have
a shape of a dome. The deflector 100 may also have a
shapeof elliptical dome,Thedeflector 100mayalsohave
ashapeof bell-shapeddome.Thedeflector 100mayalso
have a shape of cone with rounded corner. The deflector
100 may also have a shape of cube. The deflector 100
may also have a shape of cuboid. The deflector 100may
also have a shape of pyramid. Other shapes of the
deflector 100 are also envisaged.

[0037] Another object of the invention is a heat ex-
changer 1000 for heat exchange between the first fluid
and at least second fluid, comprising at least one flat tube
1described inpreviousparagraphs.Saidheat exchanger
may thus comprise a flat tube 1 for the flow therein of a
first fluid, wherein the tube 1may be formed by bending a
sheet metal strip 2 along the length of the strip. The tube
may further comprise a first main wall 4, a second main
wall 5 parallel to the first main wall 4, said main walls 4, 5
being substantially flat, two complementary side wall
portions 6 joining saidmain walls together so as to define
a closed profile of the tube 1. The first main wall 4 and/or
the secondmain wall 5may further comprise at least one
deflector 100, wherein each deflector 100 is integral with
the main wall 4,5 from which it is formed from. The
deflector 100 may protrude outwardly form the closed
profile of the tube 1.
[0038] Further, the heat exchanger 1000 may further
comprises a pair of headers 1001, 1002 spaced apart
from each-other. The headers may be fluidly connected
with the tubes 1, so that the tubes 1 provide a fluid
communication between the headers 1001, 1002. The
headers 1001, 1002 may comprise plurality of slots to
accommodate the flat tubes 1. The shape of said slots
must be adapted to the outer perimeter of the tube 1. As
already described, the tubes 1 along with the headers
1001, 1002may be fluidly connected with each-other. As
a consequence, a headers‑ tube assembly is able to
provideafirst fluid circuit inwhich the first fluid, i.e. charge
air circulates. In order to provide the second fluid circuit
for the second fluid, the heat exchanger 1000may further
comprise a housing 1003 with second fluid inlet 1003a
and second fluid outlet 1003b. The housing 1003 is
configured to encapsulate at least the plurality of flat
tubes 1 to provide a fluid-tight second fluid circuit.
[0039] In the heat exchanger 1000, the tubes 1may be
arranged in at least one stack of tubes 10, so that the
second fluid circuit is provided between the main walls
4,5) of the neighboring flat tubes 1, so that the intended
second fluid flow direction is deflected by at least one
deflector 100. The aforementioned definition of stack of
tubes 1 still applies here.
[0040] Conventional heat exchangers comprise tubes
interlaced with turbulators which are separate sub-com-
ponents. In the heat exchanger 1000 being the subject-
matter of the invention, the conventional turbulator is
removed completely and its role is carried out by inte-
grated turbulator 100. The integrated turbulators 100 do
not require alignment with respect to the tubes before
brazing, compared to conventional turbulators.
[0041] In order to braze the flat tubes together, they
must be in contact at least in some points. Thus, it is
preferable that at least one deflector 100 of one flat tube 1
is in contact at least with the main wall 4,5 of the other
neighboringflat tube1.As the result, the intendedsecond
fluid flow is locally blocked.
[0042] Similarly, the deflectors 100 of neighboring flat
tubes 1 are arranged alternately so that the deflector 100
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protruding form first main wall 4 of one flat tube 1 is in
contact with the second main wall 5 of the adjacent flat
tube 1. Such arrangement of the tubes is particularly
shown in Figs 2 and 3.
[0043] In this embodiment, the deflectors 100 on ad-
jacent tubes 1 must be so arranged, that they are not in
contactwith eachother. For this reason, the deflector 100
protruding formfirstmainwall 4 of one flat tube1 fits in the
space between the deflectors 100 located on the second
main wall 5 of the adjacent flat tube 1, and the deflector
100 protruding form secondmain wall 5 of one flat tube 1
fits in the space between the deflectors 100 located on
the first main wall 4 of adjacent flat tube 1.
[0044] Alternatively, the deflectors 100 may be in con-
tact with each other with the outermost portions of each
deflector 100. Naturally, the deflectors having the second
height will not be in contact with the deflector 100 of the
neighboring tubes 1.
[0045] The second fluid flow may be optimized by the
location of the deflectors 100. As the deflectors 100 may
be made in the process of stamping, is way easier to
arrange the second fluid flow according to the needs.
Conventional turbulators would require a complete re-
arrangement of the process, tools etc.
[0046] With respect to the arrangement, he deflectors
100 on the flat tube 1 may be arranged uniformly on the
surface of the main wall 4, 5. Uniformly means that the
distance between all deflectors 100 is even.
[0047] Alternatively, the deflectors 100 on the flat tube
1 may be arranged non-uniformly on the surface of the
main wall 4, 5. Non‑ uniformly means that the distance
between one pair of deflectors 100 is different than the
distance between the other pair of the deflectors.
[0048] Another object of the invention is a motor ve-
hicle comprising at least one heat exchanger 1000 de-
scribed above.
[0049] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the art
in practicing the claimed invention, from a study of draw-
ings, the disclosure, and the appended claims. Themere
fact that certainmeasuresare recited inmutually different
dependent claims does not indicate that a combination of
these measures cannot be used to the advantage.

Claims

1. A flat tube (1) for the flow therein of a first fluid in a
heat exchanger, the tube (1) being formed by bend-
ingasheetmetal strip (2) along the lengthof the strip,
the tube comprising: a first main wall (4); a second
main wall (5) parallel to the first main wall (4), said
main walls (4, 5) being substantially flat; two com-
plementary side wall portions (6) joining said main
walls together so as to define a closed profile of the
tube (1), wherein the first main wall (4) and/or the
second main wall (5) further comprises at least one
deflector (100), wherein each deflector (100) is in-

tegral with the main wall (4,5) fromwhich it is formed
from, wherein the deflector (100) protrudes out-
wardly form the closed profile of the tube (1).

2. The flat tube (1) according to claim 1, wherein only
the first main wall (4) or the second main wall (5)
comprises at least one deflector (100).

3. Theflat tube (1) according toclaim1,whereineachof
the first main wall (4) and the second main wall (5)
comprises at least one deflector (100).

4. The flat tube (1) according to any of the preceding
claimscomprisingat least twodeflectors (100)on the
same main wall (4,5), wherein all deflectors (100)
protrude at the same distance, the distance being
measured relatively to themainwall (4, 5) fromwhich
said deflectors (100) protrude.

5. The flat tube (1) according to any of claims 1‑3
comprising at least two deflectors (100) on the same
main wall (4,5), wherein at least one deflector (100)
comprises a first deflector height (100a), and at least
one deflector comprises second deflector height
(100b), wherein the first deflector height (100a) is
different from the second deflector height (100b), the
deflector height (100a, 100b) being measured rela-
tively to the main wall (4, 5) from which said deflec-
tors (100) protrude.

6. The flat tube (1) according to any of the preceding
claims, the deflector (100) having any of the shapes:
dome, elliptical dome, bell-shaped dome, cone with
rounded corner, cube, cuboid, pyramid.

7. Aheat exchanger (1000) for heat exchangebetween
the first fluid and at least second fluid, comprising at
least one flat tube (1) according to claim 1.

8. The heat exchanger (1000) according to claim 7,
wherein the heat exchanger (1000) further com-
prises a pair of headers (1001, 1002) spaced apart
from each-other, the headers (1001, 1002) compris-
ing plurality of slots to accommodate the flat tubes
(1), the tubes (1) alongwith theheaders (1001, 1002)
being fluidly connected with each-other to provide a
first fluid circuit, and the housing (1003) with second
fluid inlet (1003a) and second fluid outlet (1003b),
the housing encapsulating at least the plurality of flat
tubes (1) to provide a fluid-tight second fluid circuit.

9. The heat exchanger (1000) according to preceding
claim, wherein the tubes (1) are arranged in at least
one stack of tubes (10), so that the second fluid
circuit is provided between the main walls (4,5) of
the neighboring flat tubes (1), so that the intended
second fluid flowdirection is deflected byat least one
deflector (100).
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10. The heat exchanger (1000) according to any of
claims 7‑9, wherein at least one deflector (100) of
one flat tube (1) is in contact at least with the main
wall (4,5) of the other, neighboring flat tube (1), so
that the intended second fluid flow is locally blocked.

11. The heat exchanger (1000) according to any of
claims 7‑10, wherein the deflectors (100) of neigh-
boring flat tubes (1) are arranged alternately so that
the deflector (100) protruding form first main wall (4)
of one flat tube (1) is in contact with the secondmain
wall (5) of the adjacent flat tube (1).

12. The heat exchanger (1000) according to the preced-
ingclaim,wherein thedeflector (100)protruding form
first main wall (4) of one flat tube (1) fits in the space
between the deflectors (100) located on the second
main wall (5) of the adjacent flat tube (1), and the
deflector (100) protruding form second main wall (5)
of one flat tube (1) fits in the space between the
deflectors (100) located on the first main wall (4) of
adjacent flat tube (1).

13. The heat exchanger (1000) according to any of
claims 7‑12, wherein the deflectors (100) on the flat
tube (1) are arranged uniformly on the surface of the
main wall (4, 5).

14. The heat exchanger (1000) according to any of
claims 7‑12, wherein the deflectors (100) on the flat
tube (1) arearrangednon-uniformly on the surfaceof
the main wall (4, 5).

15. A motor vehicle comprising at least one heat ex-
changer according to claims 7‑14.
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