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(54) FLAT TUBE AND HEAT EXCHANGER

(57) The present invention provides a flat tube and
a heat exchanger, in which a bent section is formed in
the middle of the flat tube, regions of the flat tube outside
the bent section form two straight sections, the bent sec-
tion includes a bent portion and two twisting portions, two
ends of each twisting portion are connected to one end
of the bent section and one straight section respectively;
wherein the bent portion bends around an axis parallel
to the thickness direction of the flat tube, the minimum
radius of curvature of the inner side of the bent portion
is RNmin, and the thickness of the flat tube is t,
t<RNmin<5t. In the solution, bending deformation can be
completed in cases where the minimum radius of curva-
ture of the inner side of the bent portion is set to be rel-
atively small, thus reducing the length of the bent section
of the flat tube, increasing the length of the straight sec-
tions, and further improving the heat exchange perform-
ance of the flat tube and a heat exchanger using the flat
tube.
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Description

Technical Field

[0001] The present invention relates to the technical
field of heat exchangers, and in particular to a flat tube
and a heat exchanger.

Background

[0002] With regard to a heat exchanger using a flat
tube, in order to increase a heat exchange area and sim-
plify the structure, in some heat exchangers, the flat tube
is bent to form a double-row structure. In existing heat
exchangers, a bent section of the flat tube has a relatively
long length, which shortens the length of a non-bent sec-
tion relatively, so that regions for arranging fins are rel-
atively small, thereby affecting the heat exchange per-
formance of the heat exchanger.

Summary

[0003] Some embodiments of the present invention
provide a flat tube and a heat exchanger, so as to solve
the problem of poor heat exchange performance of ex-
isting heat exchangers.
[0004] In order to solve the described problem, accord-
ing to one aspect of some embodiments of the present
invention, the present invention provides a flat tube, in
which a bent section is formed in the middle of the flat
tube, regions of the flat tube outside the bent section form
two straight sections, the bent section includes a bent
portion and two twisting portions, two ends of each twist-
ing portion are connected to one end of the bent section
and one straight section respectively; wherein the bent
portion bends around an axis parallel to the thickness
direction of the flat tube, the minimum radius of curvature
of the inner side of the bent portion is RNmin, and the
thickness of the flat tube is t, t<RNmin<5t.
[0005] Further, the maximum radius of curvature of the
inner side of the bend portion is RNmax, t<RNmax<5t.
[0006] Further, the minimum radius of curvature of the
outer side of the bent portion is RWmin, t<RWmin<5t.
[0007] Further, the maximum radius of curvature of the
outer side of the bent portion is RWmax, t<RWmax<5t.
[0008] Further, RNmin is 4.5t, 4t or 3t.
[0009] Further, the maximum radius of curvature of the
inner side of the bent portion is RNmax, RNmax≥5t; and
the minimum radius of curvature of the outer side of the
bent portion is RWmin, RWmin≥5t.
[0010] Further, joints of the two twisting portions and
the bent portion respectively have preset tangent lines,
an included angle between the two preset tangent lines
is θ, and an included angle between the two straight sec-
tions is α, where α>θ.
[0011] Further, α≤90°.
[0012] Further, the flat tube has a preset symmetrical
surface, the symmetrical surface divides the bent portion

into two symmetrical portions, the two twisting portions
are symmetrically arranged relative to the symmetrical
surface, and the two straight sections are symmetrically
arranged relative to the symmetrical surface.
[0013] According to another aspect of some embodi-
ments of the present invention, a heat exchanger is pro-
vided, the heat exchanger comprises a plurality of flat
tubes arranged side by side, and fins are arranged be-
tween straight sections of two adjacent flat tubes.
[0014] By applying the technical solution of the present
invention, a flat tube is provided, a bent section is formed
in the middle of the flat tube, regions of the flat tube out-
side the bent section form two straight sections, the bent
section includes a bent portion and two twisting portions,
two ends of each twisting portion are connected to an
end of the bent section and one straight section respec-
tively; wherein the bent portion bends around an axis
parallel to the thickness direction of the flat tube, the min-
imum radius of curvature of the inner side of the bent
portion is RNmin, and the thickness of the flat tube is t,
t<RNmin<5t. In the embodiments, bending deformation
is completed in cases where the minimum radius of cur-
vature of the inner side of the bent portion is set to be
relatively small, thus reducing the length of the bent sec-
tion of the flat tube, increasing the length of the straight
sections, and further improving the heat exchange per-
formance of the flat tube and a heat exchanger using the
flat tube.
[0015] The bending radius of a conventional bending
heat exchanger is relatively large, and the bending angle
is limited, especially the lower limit of the angle; and the
bending radius of a conventional microchannel heat ex-
changer is generally required to be greater than 5t, so
as to satisfy the strength and corrosion resistance of a
bent section of a flat tube. The present solution discloses
a flat tube structure with a smaller bending radius, and
through experimental verification, while satisfying the re-
quirements of the strength and corrosion resistance of
the flat tube, the length of the bent section can be further
reduced effectively, and the length of effective sections
of the fins can be increased. That is, a ratio of an effective
heat exchange area to an area of the overall heat ex-
changer is increased. In addition, straight line sections
connected to the bent section of the flat tube are appro-
priately bent outwards in an opposite direction, so that
the height of the heat exchanger is reduced; and the bot-
tom of the flat tube is appropriately opened, such that the
overall height of a heat exchanger having the flat tube
structure can be reduced, and the windward area of the
heat exchanger is increased, thereby improving the heat
exchange performance.

Brief Description of the Drawings

[0016] The drawings of the description, constituting a
part of some embodiments of the present invention, are
used for providing further understanding of some embod-
iments of the present invention, and the illustrative em-
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bodiments of some embodiments of the present invention
and illustrations thereof are used to explain some em-
bodiments of the present invention, rather than constitute
inappropriate limitation on some embodiments of the
present invention. In the drawings:

Fig. 1 shows a front view of a flat tube provided ac-
cording to embodiments of the present invention;
Fig. 2 shows a perspective view of the flat tube in
Fig. 1;
Fig. 3 shows a side view of the flat tube in Fig. 1;
Fig. 4 shows a schematic structural diagram of a
heat exchanger provided according to embodiments
of the present invention; and
Fig. 5 shows a schematic diagram of the heat ex-
changer in Fig. 4 before the flat tube is bent.

[0017] The figures include the following reference
signs:
10. Bent section; 11. Bent portion; 12. Twisting portion;
13. Preset tangent line; 20. Straight section; 30. Fin.

Detailed Description of the Embodiments

[0018] The technical solutions in the embodiments of
the present invention will be clearly and completely de-
scribed below with reference to the accompanying draw-
ings in the embodiments of the present invention. It is
apparent that the embodiments described are not all em-
bodiments but a part of embodiments of the present in-
vention. The following description of at least one exem-
plary embodiment is merely illustrative in nature and is
in no way intended to limit some embodiments of the
present invention and any applications or uses thereof.
All other embodiments obtained by a person of ordinary
skill in the art on the basis of the embodiments of the
present invention without any inventive effort shall all fall
within the scope of protection of some embodiments of
the present invention.
[0019] As shown in Fig. 1 to Fig. 3, the embodiments
of the present invention provide a flat tube; a bent section
10 is formed in a middle of the flat tube, regions of the
flat tube outside the bent section 10 form two straight
sections 20, the bent section 10 includes a bent portion
11 and two twisting portions 12, two ends of each twisting
portion 12 are connected to one end of the bent section
10 and one straight section 20 respectively; wherein the
bent portion 11 bends around an axis parallel to the thick-
ness direction of the flat tube, a minimum radius of cur-
vature of an inner side of the bent portion 11 is RNmin,
and a thickness of the flat tube is t, t<RNmin<5t. Two
surfaces in a width direction on one side of the two straight
sections 20 of the flat tube are located on the same plane,
and two surfaces in the width direction on the other side
are located on another same plane, thereby facilitating
the arrangement of a plurality of flat tubes and the ar-
rangement of fins in heat exchange by using the flat tube.
The radius of curvature of the outer side of the bent por-

tion 11 is greater than the radius of curvature of the inner
side of the bent portion.
[0020] In the solution, the minimum radius of curvature
of the inner side of the bent portion 11 is set as
t<RNmin<5t, such that bending deformation can be com-
pleted with a relatively small minimum radius of curva-
ture, thus reducing the length of the bent section 10 of
the flat tube, increasing the length of the straight sections
20, and further improving the heat exchange perform-
ance of the flat tube and a heat exchanger using the flat
tube.
[0021] In some embodiments, RNmin may be set as a
size of 4.5 t, 4 t, 3 t, or the like.
[0022] In some other embodiments, t<RNmin<5t, and
the maximum radius of curvature of the inner side of the
bent portion 11 is RNmax, t<RNmax<5t. In this way, it
can be ensured that the maximum radius of curvature of
the inner side of the bent portion 11 is relatively small,
so as to reduce the length of the flat tube occupied by
the bent portion 10, thereby increasing the length of the
straight sections 20. Fins can be provided on the straight
sections 20, so that regions for arranging fins are in-
creased, thereby improving the heat exchange perform-
ance of the heat exchanger.
[0023] In some other embodiments, t<RNmin<5t, and
the minimum radius of curvature of the outer side of the
bent portion 11 is RWmin, t<RWmin<5t. In some embod-
iments, t<RNmin<4t and 2t<RWmin<5t. In this way, the
curvature of the bent portion 11 can be reduced, so that
the bent portion is formed by bending with a small bend-
ing radius, and therefore compared with the related art,
the length of the bent portion 10 is reduced.
[0024] Or in some other embodiments, t<RNmin<5t,
and the maximum radius of curvature of the outer side
of the bent portion 11 is RWmax, t<RWmax<5t. In some
embodiments, t<RNmax<4t and 2t<RWmax<5t. In this
way, the length of the bent section 10 can be further re-
duced while meeting strength and process requirements.
[0025] Or in some other embodiments, t<RNmin<5t,
and the maximum radius of curvature of the inner side
of the bent portion 11 is RNmax, RNmax≥5t; and the
minimum radius of curvature of the outer side of the bent
portion 11 is RWmin, RWmin≥5t. In this way, the bent
portion 11 is easy to be formed by bending.
[0026] In the embodiments above, joints of the two
twisting portions 12 and the bent portion 11 respectively
have preset tangent lines 13, an included angle between
the two preset tangent lines 13 is θ, and an included angle
between the two straight sections 20 is α, where α>θ.
That is, after the bent portion 11 is bent and formed, a
part of the two straight sections 20 of the flat tube is bent
outwards, so that the height of the flat tube is reduced,
facilitating arrangement of the flat tube in a limited space.
Furthermore, a bottom of the flat tube is appropriately
opened, such that the overall height of a heat exchanger
having the flat tube structure can be reduced, and the
windward area of the heat exchanger is increased, there-
by improving the heat exchange performance.

3 4 



EP 4 354 067 A1

4

5

10

15

20

25

30

35

40

45

50

55

[0027] Specifically, α≤90°. For example, α is set to 30°
or 60°.
[0028] In some embodiments, the flat tube has a preset
symmetrical surface, the symmetrical surface divides the
bent portion 11 into two symmetrical portions, the two
twisting portions 12 are symmetrically arranged relative
to the symmetrical surface, and the two straight sections
20 are symmetrically arranged relative to the symmetrical
surface. This facilitates the shaping of the flat tube and
the arrangement of a plurality of flat tubes.
[0029] As shown in Figs. 4 and 5, some embodiments
of the present invention provide a heat exchanger; the
heat exchanger includes a plurality of flat tubes arranged
side by side, and fins 30 are provided between straight
sections 20 of two adjacent flat tubes. In the solution, the
minimum radius of curvature of the inner side of the bent
portion 11 is set as t<RNmin<5t, such that bending de-
formation can be completed with a relatively small mini-
mum radius of curvature, thus reducing the length of the
bent section 10 of the flat tube, increasing the length of
the straight sections 20, and further improving the heat
exchange performance of the flat tube and the heat ex-
changer using the flat tube.
[0030] The bending radius of a conventional bending
heat exchanger is relatively large, and the bending angle
is limited, especially the lower limit of the angle; and the
bending radius of a conventional microchannel heat ex-
changer is generally required to be greater than 5t, so
as to satisfy the strength and corrosion resistance of a
bent section of a flat tube. The some embodiments of the
present solution disclose a flat tube structure with a small-
er bending radius, and through experimental verification,
while satisfying the requirements of the strength and cor-
rosion resistance of the flat tube, the length of the bent
section can be further reduced effectively, and the length
of effective sections of the fins can be increased. That
is, a ratio of an effective heat exchange area to an area
of the overall heat exchanger is increased. In addition,
straight line sections connected to the bent section of the
flat tube are appropriately bent outwards in an opposite
direction, so that the height of the heat exchanger is re-
duced; and the bottom of the flat tube is appropriately
opened, such that the overall height of a heat exchanger
having the flat tube structure can be reduced, and the
windward area of the heat exchanger is increased, there-
by improving the heat exchange performance.
[0031] The content above merely relates to some em-
bodiments of the present invention and is not intended
to limit some embodiments of the present invention. For
a person skilled in the art, some embodiments of the
present invention may have various modifications and
variations. Any modifications, equivalent replacements,
improvements, etc. made within the spirit and principle
of some embodiments of the present invention shall all
belong to the scope of protection of some embodiments
of the present invention.

Claims

1. A flat tube, wherein

a bent section (10) is formed in a middle of the
flat tube, regions of the flat tube outside the bent
section (10) form two straight sections (20), the
bent section (10) comprises a bent portion (11)
and two twisting portions (12), two ends of each
twisting portion (12) are connected to an end of
the bent section (10) and one straight section
(20) respectively;
wherein the bent portion (11) bends around an
axis parallel to a thickness direction of the flat
tube, a minimum radius of curvature of an inner
side of the bent portion (11) is RNmin, and a
thickness of the flat tube is t, t<RNmin<5t.

2. The flat tube according to claim 1, wherein a maxi-
mum radius of curvature of the inner side of the bent
portion (11) is RNmax, t<RNmax<5t.

3. The flat tube according to claim 1, wherein a mini-
mum radius of curvature of an outer side of the bent
portion (11) is RWmin, t<RWmin<5t.

4. The flat tube according to claim 1, wherein
a maximum radius of curvature of an outer side of
the bent portion (11) is RWmax, t<RWmax<5t.

5. The flat tube according to claim 1, wherein RNmin
is 4.5t, 4t or 3t.

6. The flat tube according to claim 1, wherein

a maximum radius of curvature of the inner side
of the bent portion (11) is RNmax, RNma≥5t; and
a minimum radius of curvature of an outer side
of the bent portion (11) is RWmin, RWmin≥5t.

7. The flat tube according to claim 1, wherein joints of
the two twisting portions (12) and the bent portion
(11) respectively have preset tangent lines (13), an
included angle between the two preset tangent lines
(13) is θ, and an included angle between the two
straight sections (20) is α, where α>θ.

8. The flat tube according to claim 7, wherein α≤90°.

9. The flat tube according to claim 1, wherein the flat
tube has a preset symmetrical surface, the symmet-
rical surface divides the bent portion (11) into two
symmetrical portions, the two twisting portions (12)
are symmetrically arranged relative to the symmet-
rical surface, and the two straight sections (20) are
symmetrically arranged relative to the symmetrical
surface.
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10. A heat exchanger, wherein the heat exchanger com-
prises a plurality of flat tubes arranged side by side,
and fins (30) are arranged between straight sections
(20) of two adjacent flat tubes.
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