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(54) HEAT EXCHANGER

(57) Disclosed is a heat exchanger. The heat ex-
changer includes a plurality of heat exchange tubes; at
least some of the heat exchange tubes including a first
straight tube segment, a second straight tube segment
and a bent tube segment connecting the first straight
tube segment and the second straight tube segment.
The first straight tube segment and the second straight
tube segment extend in a first direction, the first straight
tube segment is offset from the second straight tube
segment in a second direction and a third direction, the
second direction is perpendicular to the first direction,
and the third direction is perpendicular to both the first
direction and the second direction. The bent tube seg-

ment includes a first bent portion which is bent such
that the first straight tube segment is offset from the
second straight tube segment in the second direction,
a projection of the first bent portion on a plane defined
by both the first direction and the second direction is U-
shaped, and the first bent portion is in the same plane
with the first straight tube segment. The heat exchan-
ger of the present disclosure reduces the bending com-
plexity of the heat exchange tube, improves the bend-
ing precision of the dimension of the heat exchange
tube, and thereby enhances the assembly convenience
of the heat exchanger.

EP
4

82
6

32
3

A
1

Processed by Luminess, 75001 PARIS (FR)



2

1 EP 4 826 323 A1 2

Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of Chinese
Patent Application No. CN 202520711098.5 filed on
April 15, 2025 in the China National Intellectual Prop-
erty Administration, the whole disclosure of which is
incorporated herein by reference.

FIELD OF THE DISCLOSURE

[0002] Embodiments of the present disclosure relate
to a heat exchanger.

DESCRIPTION OF THE RELATED ART

[0003] A heat exchanger includes a heat exchange
tube, a header and a fin.

SUMMARY

[0004] At least one objective of the present disclo-
sure is to provide a heat exchanger, which can, for ex-
ample, improve the bending precision of a dimension of
a heat exchange tube, and thereby enhance the as-
sembly convenience of the heat exchanger.
[0005] According to one aspect of the present disclo-
sure, there is provided a heat exchanger, including: a
plurality of heat exchange tubes; wherein at least some
of the heat exchange tubes include a first straight tube
segment, a second straight tube segment and a bent
tube segment connecting the first straight tube seg-
ment and the second straight tube segment; wherein
the first straight tube segment and the second straight
tube segment extend in a first direction, and the first
straight tube segment is offset from the second straight
tube segment in a second direction and a third direc-
tion, wherein the second direction is perpendicular to
the first direction, and the third direction is perpendicu-
lar to both the first direction and the second direction;
wherein, the bent tube segment includes a first bent
portion which is bent such that the first straight tube
segment is offset from the second straight tube seg-
ment in the second direction, a projection of the first
bent portion on a plane defined by both the first direc-
tion and the second direction is U-shaped, and the first
bent portion is in the same plane with the first straight
tube segment.
[0006] According to some exemplary embodiments
of the present disclosure, the bent tube segment further
includes a second bent portion which is bent such that
the second straight tube segment is offset from the first
straight tube segment in the third direction.
[0007] According to some exemplary embodiments
of the present disclosure, the bent tube segment further
includes a first bent straight segment extending in the
first direction, wherein the first bent portion and the

second bent portion are connected via the first bent
straight segment.
[0008] According to some exemplary embodiments
of the present disclosure, a spacing between the pro-
jection of the first straight tube segment on the plane
defined by both the first direction and the second direc-
tion and a projection of the second straight tube seg-
ment on the plane is within a range of plus or minus
one-half of a width of the heat exchange tube.
[0009] According to some exemplary embodiments
of the present disclosure, the spacing between the pro-
jection of the first straight tube segment and the projec-
tion of the second straight tube segment on the plane is
zero.
[0010] According to some exemplary embodiments
of the present disclosure, at least some of the heat
exchange tubes further include a third bent portion
which is bent such that an end of the second straight
tube segment away from the bent tube segment and an
end of the first straight tube segment away from the
bent tube segment are away from each other in the
second direction.
[0011] According to some exemplary embodiments of
the present disclosure, a first end of the first bent por-
tion is directly connected to the first straight tube seg-
ment, and a second end of the first bent portion is con-
nected to the second straight tube segment via the first
bent straight segment and the second bent portion in
sequence.
[0012] According to some other exemplary embodi-
ments of the present disclosure, the first bent portion
includes a protruding portion which protrudes to one
side relative to the first straight tube segment or the
second straight tube segment in the second direction.
[0013] According to some other exemplary embodi-
ments of the present disclosure, the protruding portion
includes a fourth bent portion and a fifth bent portion;
wherein, the fourth bent portion and the fifth bent por-
tion are bent such that a first end of the fourth bent
portion is connected to a first end of the first bent por-
tion, a second end of the fourth bent portion is con-
nected to a first end of the fifth bent portion, and a
second end of the fifth bent portion is connected to the
first straight tube segment.
[0014] According to some other exemplary embodi-
ments of the present disclosure, the fourth bent portion
and the fifth bent portion have different bending direc-
tions, and the fifth bent portion is bent such that the first
straight tube segment and the second straight tube
segment are close to each other.
[0015] According to some other exemplary embodi-
ments of the present disclosure, the bent tube segment
further includes a second bent straight segment,
wherein the fourth bent portion is connected to the first
bent portion via the second bent straight segment.
[0016] According to some exemplary embodiments
of the present disclosure, the heat exchanger further
includes a plurality of wavy fins; wherein one wavy fin
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is disposed between the first straight tube segment and
the second straight tube segment of at least some of
the heat exchange tubes, and one wavy fin is disposed
between the first straight tube segment of at least some
of the heat exchange tubes and the first straight tube
segment or the second straight tube segment of an-
other adjacent heat exchange tube.
[0017] According to some exemplary embodiments
of the present disclosure, a distance between the first
straight tube segment and the second straight tube
segment of at least some of the heat exchange tubes
in the third direction is equal to a height of one wavy fin,
and a distance between the first straight tube segment
of at least some of the heat exchange tubes and the
first straight tube segment or the second straight tube
segment of another adjacent heat exchange tube in the
third direction is equal to the height of one wavy fin.
[0018] According to some exemplary embodiments
of the present disclosure, the heat exchanger further
includes a plurality of insert fins, each insert fin having
a plurality of insertion slots; wherein the first straight
tube segment and the second straight tube segment of
at least some of the heat exchange tubes are located in
different insertion slots of the insert fins, respectively,
and the first straight tube segment of at least some of
the heat exchange tubes and the second straight tube
segment of another adjacent heat exchange tube are
located in adjacent insertion slots of the insert fins, re-
spectively.
[0019] According to some exemplary embodiments
of the present disclosure, the heat exchanger further
includes a first header and a second header; wherein
an end, which is away from the bent tube segment, of
the first straight tube segment of at least some of the
heat exchange tubes is connected to and in fluid com-
munication with the first header, and an end, which is
away from the bent tube segment, of the second
straight tube segment of at least some of the heat ex-
change tubes away from the bent tube segment is con-
nected to and in fluid communication with the second
header.
[0020] According to some other exemplary embodi-
ments of the present disclosure, the plurality of heat
exchange tubes are arranged in an array; the heat ex-
changer further includes a first header, a second head-
er, and at least one common header; wherein an end,
which is away from the bent tube segment, of one of
the first straight tube segment and the second straight
tube segment of at least some of the heat exchange
tubes of at least one column of heat exchange tubes is
connected to and in fluid communication with the first
header, and an end, which is away from the bent tube
segment, of one of the first straight tube segment and
the second straight tube segment of at least some of
the heat exchange tubes of another column of heat
exchange tubes adjacent to the at least one column of
heat exchange tubes is connected to and in fluid com-
munication with the second header; wherein an end,

which is away from the bent tube segment, of the other
of the first straight tube segment and the second
straight tube segment of at least some of the heat ex-
change tubes of the at least one column of heat ex-
change tubes, and an end, which is away from the bent
tube segment, of the other of the first straight tube seg-
ment and the second straight tube segment of at least
some of the heat exchange tubes of the another col-
umn of heat exchange tubes adjacent to the at least
one column of heat exchange tubes are connected to
and in fluid communication with the at least one com-
mon header.
[0021] According to some other exemplary embodi-
ments of the present disclosure, the heat exchanger
further includes a plurality of wavy fins; wherein one
wavy fin is disposed and shared between at least some
adjacent two rows of straight tube segments.
[0022] According to some other exemplary embodi-
ments of the present disclosure, the heat exchanger
further includes a plurality of first wavy fins and a plur-
ality of second wavy fins; wherein one first wavy fin and
one second wavy fin are disposed and shared between
at least some adjacent two rows of straight tube seg-
ments, and the one first wavy fin and the one second
wavy fin are aligned in the second direction.
[0023] According to some other exemplary embodi-
ments of the present disclosure, the first straight tube
segment of at least some of the heat exchange tubes of
at least one column of heat exchange tubes is aligned
with the first straight tube segment or the second
straight tube segment of at least some of the heat ex-
change tubes in at least another column of heat ex-
change tubes in the second direction, and the second
straight tube segment of at least some of the heat ex-
change tubes of the at least one column of heat ex-
change tubes are aligned with the first straight tube
segment or the second straight tube segment of at
least some of the heat exchange tubes of at least an-
other column of heat exchange tubes in the second
direction.
[0024] According to some exemplary embodiments
of the present disclosure, the heat exchange tube is a
micro-channel flat heat exchange tube with a plurality
of flow holes therein, the first direction is a length direc-
tion of the first straight tube segment or the second
straight tube segment of the heat exchange tube, the
second direction is a width direction of the first straight
tube segment or the second straight tube segment of
the heat exchange tube, and the third direction is a
thickness direction of the first straight tube segment or
the second straight tube segment of the heat exchange
tube.
[0025] With the adoption of the heat exchanger of the
present disclosure, the bending complexity of the heat
exchange tube is reduced, improving the bending pre-
cision of the dimension of the heat exchange tube, and
thereby enhancing the assembly convenience of the
heat exchanger.
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[0026] Other objectives and advantages of the pre-
sent disclosure will become apparent from the following
description of the present disclosure with reference to
the accompanying drawings, which will also help to
provide a comprehensive understanding of the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Fig. 1 is a schematic perspective structural view
showing a single heat exchange tube of a
heat exchanger according to a first embodi-
ment of the present disclosure;

Fig. 2 is a schematic front structural view showing
the heat exchange tube shown in Fig. 1;

Fig. 3 is a schematic side structural view showing
the heat exchange tube shown in Fig. 1;

Fig. 4 is a schematic bottom structural view showing
the heat exchange tube shown in Fig. 1;

Fig. 5 is a schematic perspective structural view
showing a heat exchanger according to the
first embodiment of the present disclosure;

Fig. 6 is a schematic front structural view showing
the heat exchanger shown in Fig. 5;

Fig. 7 is a schematic cross-sectional structural view
showing the heat exchanger shown in Fig. 6
taken along line B-B in Fig. 6;

Fig. 8 is a schematic perspective structural view
showing a single heat exchange tube of a
heat exchanger according to a second embo-
diment of the present disclosure;

Fig. 9 is a schematic front structural view showing
the heat exchange tube shown in Fig. 8;

Fig. 10 is a schematic side structural view showing
the heat exchange tube shown in Fig. 8;

Fig. 11 is a schematic bottom structural view showing
the heat exchange tube shown in Fig. 8;

Fig. 12 is a schematic perspective structural view
showing the heat exchanger according to
the second embodiment of the present disclo-
sure;

Fig. 13 is a schematic front structural view showing
the heat exchanger shown in Fig. 12;

Fig. 14 is a schematic side structural view showing
the heat exchanger shown in Fig. 12;

Fig. 15 is a schematic perspective structural view
showing a heat exchanger according to a
third embodiment of the present disclosure;

Fig. 16 is a schematic front structural view showing
the heat exchanger shown in Fig. 15;

Fig. 17 is a schematic side structural view showing
the heat exchanger shown in Fig. 15;

Fig. 18 is a schematic cross-sectional structural view
showing the heat exchanger shown in Fig. 15
taken along line D-D in Fig. 17;

Fig. 19 is a schematic perspective structural view
showing a heat exchanger according to a
fourth embodiment of the present disclosure;

Fig. 20 is a schematic front structural view showing
the heat exchanger shown in Fig. 19; and

Fig. 21 is a schematic side structural view showing
the heat exchanger shown in Fig. 19.

DETAILED DESCRIPTION OF EXEMPLARY EMBO-
DIMENTS

[0028] The present disclosure is described in detail
below, and examples of the embodiments are shown in
the accompanying drawings. The embodiments de-
scribed below with reference to the accompanying
drawings are exemplary and intended to explain the
present disclosure, and should not be construed as lim-
iting the present disclosure. In the specification, the
same or similar reference numerals indicate the same
or similar components.
[0029] In the description of the present application, it
should be understood that the terms that indicate orien-
tation or position relations, such as "central", "longitudi-
nal", "transverse", "length", "width", "thickness",
"upper", "lower", "front", "rear", "left", "right", "vertical",
"horizontal", "top", "bottom", "inner", "outer", "clock-
wise", "anticlockwise", "axial", "radial" and "circumfer-
ential", are based on the orientation or position rela-
tions shown in the drawings, and are merely for conve-
niently describing the present application and simplify-
ing the description, rather than indicating or implying
that the device or element must have the specific orien-
tation and be constructed and operated according to
the specific orientation. Therefore, they should not be
construed as a limitation on the present application.
[0030] In addition, in the following detailed descrip-
tion, for the convenience of explanation, numerous
specific details are set forth to provide a comprehen-
sive understanding of the embodiments of the present

5

10

15

20

25

30

35

40

45

50

55



5

7 EP 4 826 323 A1 8

disclosure. However, it is obvious that one or more em-
bodiments can also be implemented without these spe-
cific details. In other cases, well-known structures and
devices are embodied in a schematic manner to simpli-
fy the drawings.
[0031] Referring to Figs. 1 to 7, according to a first
exemplary embodiment of the present disclosure, there
is provided a heat exchanger 100. The heat exchanger
includes a plurality of heat exchange tubes 10, fins 20,
and headers 51, 52. As shown in Figs. 1 to 4, at least
some of the heat exchange tubes 10 include a first
straight tube segment 1, a second straight tube seg-
ment 2, and a bent tube segment 3 connecting the first
straight tube segment 1 and the second straight tube
segment 2. As shown in Figs. 1 to 4, in the heat ex-
change tube 10, the first straight tube segment 1 and
the second straight tube segment 2 extend in a first
direction X, and the first straight tube segment 1 is off-
set from the second straight tube segment 2 in a sec-
ond direction Y and a third direction Z, wherein the
second direction Y is perpendicular to the first direction
X, and the third direction Z is perpendicular to both the
first direction X and the second direction Y. According
to the design concept of the present disclosure, as
shown in Figs. 1 to 4, the bent tube segment 3 includes
a first bent portion 31 which is bent such that the first
straight tube segment 1 is offset from the second
straight tube segment 2 in the second direction Y, a
projection of the first bent portion 31 on a plane defined
by both the first direction X and the second direction Y
is U-shaped, and the first bent portion 31 and at least
the first straight tube segment 1 are substantially in the
same plane, for example, substantially simultaneously
in the plane defined by the first direction X and the
second direction Y.
[0032] According to the first exemplary embodiment
of the present disclosure, as shown in Figs. 1 to 4, in
the heat exchange tube 10, the bent tube segment 3
further includes a second bent portion 32 which is bent
such that the second straight tube segment 2 is offset
from the first straight tube portion 31 in the third direc-
tion Z. Meanwhile, the bent tube segment 3 further in-
cludes a first bent straight segment 30 extending in the
first direction X, wherein the first bent portion 31 and
the second bent portion 32 are connected via the first
bent straight segment 30. With the design of the first
bent portion 31, the second bent portion 32 and the first
bent straight segment 30, the second straight tube seg-
ment 2 is offset from the first straight tube segment 1 in
the second direction Y and the third direction Z, and the
first straight tube segment 1 and the second straight
tube segment 2 are substantially parallel in the first
direction X. More specifically, in the heat exchange
tube 10, a first end of the first bent portion 31 is directly
connected to the first straight tube segment 1, and a
second end of the first bent portion 31 is connected to
the second straight tube segment 2 via the first bent
straight segment 30 and the second bent portion 32 in

sequence.
[0033] It should be noted that in the present disclo-
sure, the heat exchange tube 10 may be a micro-chan-
nel flat heat exchange tube with a plurality of flow holes
therein, and the flow holes allow a flowing medium,
such as a coolant, to circulate therethrough. Herein,
the first direction X is a length direction of the first
straight tube segment 1 or the second straight tube
segment 2 of the heat exchange tube 10, the second
direction Y is a width direction of the first straight tube
segment 1 or the second straight tube segment 2 of the
heat exchange tube 10, and the third direction Z is a
thickness direction of the first straight tube segment 1
or the second straight tube segment 2 of the heat ex-
change tube 10.
[0034] According to the present disclosure, a first U-
shaped bending is directly performed on the heat ex-
change tube 10 to form the first bent portion 31, and the
first straight tube segment 1 and the second straight
tube segment 2 which are parallel to each other. Then,
a second bending is performed on the second straight
tube segment 2, such that the first straight tube seg-
ment 1 and the second straight tube segment 2 are
staggered in the second direction Y to form a stepped
structure. Such a bending method greatly reduces the
bending complexity because it does not require multi-
dimensional bending control in space, and is relatively
easy to implement. In addition, the reduction of com-
plexity also greatly improves the control of dimensional
accuracy, increasing the convenience of assembling
the heat exchanger 100.
[0035] According to the first exemplary embodiment
of the present disclosure, as shown in Figs. 1 to 4, in
the heat exchange tube 10, the first straight tube seg-
ment 1 and the second straight tube segment 2 may
have the same width and/or the same thickness. A spa-
cing between a projection of the first straight tube seg-
ment 1 on the plane defined by both the first direction X
and the second direction Y and a projection of the sec-
ond straight tube segment 2 on this plane is within a
range of plus or minus one-half of the width of the heat
exchange tube 10. The range of "plus one-half" de-
scribed herein means that the projection of the first
straight tube segment 1 on the plane defined by both
the first direction X and the second direction Y and the
projection of the second straight tube segment 2 on this
plane may be immediately adjacent to each other or
even partially overlapped, but the overlapping portion
cannot exceed one-half of the width of the first straight
tube segment 1 and/or the second straight tube seg-
ment 2. Similarly, the range of "minus one-half" de-
scribed herein means that the projection of the first
straight tube segment 1 on the plane defined by both
the first direction X and the second direction Y and the
projection of the second straight tube segment 2 on this
plane may be immediately adjacent to each other or
spaced apart from each other in the second direction
Y, but the distance spaced cannot exceed one-half of
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the width of the first straight tube segment 1 and/or the
second straight tube segment 2. Preferably, the spa-
cing between the projection of the first straight tube
segment 1 on the plane defined by both the first direc-
tion X and the second direction Y and the projection of
the second straight tube segment 2 on this plane is
zero; that is, their projections on the plane are immedi-
ately adjacent to each other.
[0036] According to the first exemplary embodiment
of the present disclosure, as shown in Figs. 1 to 4, at
least some of the heat exchange tubes 10 further in-
clude a third bent portion 33 which is bent such that an
end of the second straight tube segment 2 away from
the bent tube segment 3 and an end of the first straight
tube segment 1 away from the bent tube segment 3 are
away from each other in the second direction Y. Con-
sidering that the end of the first straight tube segment 1
away from the bent tube segment 3 and the end of the
second straight tube segment 2 away from the bent
tube segment 3 are connected to the headers, respec-
tively, the problem of collision between one end of the
two ends and the header connected to the other end of
the two ends is solved by making the aforementioned
two ends of the heat exchange tube 10 away from each
other in the second direction Y, thereby avoiding the
risk of the leakage of the heat exchange tube caused
by subsequent friction.
[0037] According to the first exemplary embodiment
of the present disclosure, as shown in Figs. 5 to 7, the
heat exchanger 100 further includes a plurality of wavy
fins 20. One wavy fin 20 is provided between the first
straight tube segment 1 and the second straight tube
segment 2 of at least some of the heat exchange tubes
10, and one wavy fin 20 is provided between the first
straight tube segment 1 of at least some of the heat
exchange tubes 10 and the second straight tube seg-
ment 2 or the first straight tube segment 1 of another
adjacent heat exchange tube 10. Meanwhile, a dis-
tance between the first straight tube segment 1 and
the second straight tube segment 2 of at least some of
the heat exchange tubes 10 in the third direction Z is
substantially equal to a height of one wavy fin 20, and a
distance between the first straight tube segment 1 of at
least some of the heat exchange tubes 10 and the first
straight tube segment 1 or the second straight tube
segment 2 of another adjacent heat exchange tube 10
in the third direction Z is substantially equal to the
height of one wavy fin 20. As shown in Fig. 7, the heat
exchange tubes 10 are arranged in a staggered man-
ner, that is, a heat exchange tube groove for placing the
heat exchange tube 10 is formed between two wavy
fins 20, and the heat exchange tube 10 do not occupy
the entire heat exchange tube groove after being
placed. The projections of two adjacent heat exchange
tubes 10 in the first direction X are not completely coin-
cident. The beneficial effect of the above configuration
is that when the heat exchanger is used as an evapora-
tor, condensed water is formed on a surface of the heat

exchanger, and if the condensed water is not dis-
charged in time, there is a risk that the condensed
water is blown out of the heat exchanger. When the
heat exchanger 100 according to the present disclo-
sure is used as the evaporator, the heat exchange tube
does not occupy the entire heat exchange tube groove,
and the free space of the heat exchange tube groove
forms a drainage channel for the condensed water to
be discharged at a high speed, making the drainage
smoother and reducing the risk of water blowing. It
should be noted that in the illustrated exemplary embo-
diment, only the straight tube segment of one heat ex-
change tube is placed in one heat exchange tube
groove, and the straight tube segments of a plurality of
heat exchange tubes may also be placed in one heat
exchange tube groove (for example, when a width of
the fin is wide enough to place the straight tube seg-
ments of the plurality of heat exchange tubes while still
leaving a drainage gap).
[0038] According to the first exemplary embodiment
of the present disclosure, as shown in Figs. 5 to 7, the
heat exchanger 100 further includes a first header 51
and a second header 52. The end, which is away from
the bent tube segment 3, of the first straight tube seg-
ment 1 of at least some of the heat exchange tubes 10
is connected to and in fluid communication with the first
header 51, and the end, which is away from the bent
tube segment 3, of the second straight tube segment 2
of at least some of the heat exchange tubes 10 is con-
nected to and in fluid communication with the second
header 52. As mentioned above, the problem of colli-
sion between one end of the two ends of the heat ex-
change tube 10 and the header connected to the other
end is solved by making the aforementioned two ends
of the heat exchange tube 10 away from each other in
the second direction Y, thereby avoiding the risk of the
leakage of the heat exchange tube caused by subse-
quent friction.
[0039] Although the basic configuration of the heat
exchanger according to the present disclosure is de-
scribed above in conjunction with the first exemplary
embodiment shown in Figs. 1 to 7, various modified
and alternative embodiments of the heat exchanger
provided by the present disclosure may exist in terms
of the configuration of the heat exchange tubes (such
as parameters including width, height, length, number
of holes, etc.), the bending method of the heat ex-
change tubes, the layout relationship of the heat ex-
change tubes, the connection relationship between the
heat exchange tubes, the type and layout relationship
of the fins, the structure and type of the headers, the
connection relationship between the headers and the
heat exchange tubes, and the like without departing
from the design concept and spirit of the present dis-
closure. Various alternative solutions of the heat ex-
changer provided by the present disclosure are de-
scribed below in conjunction with various exemplary
embodiments shown in Figs. 8 to 21.
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[0040] According to the heat exchanger provided by
the present disclosure, in the second exemplary embo-
diment shown in Figs. 8 to 14, the same basic structure
and configuration as those of the first exemplary embo-
diment shown in Figs. 1 to 7 are adopted. Only the
differences between the second exemplary embodi-
ment and the first exemplary embodiment are de-
scribed below, and the remaining parts may refer to
the technical content described in the first exemplary
embodiment. Referring to Figs. 8 to 14, according to
the second exemplary embodiment, in the bent tube
segment 3 of some of the heat exchange tubes 10, the
first bent portion 31 includes a protruding portion which
protrudes to one side in the second direction Y relative
to the first straight tube segment 1 or the second
straight tube segment 2. Specifically, as shown in Figs.
8 to 9, the protruding portion includes a fourth bent
portion 34 and a fifth bent portion 35. The fourth bent
portion 34 and the fifth bent portion 35 are bent such
that a first end of the fourth bent portion 34 is con-
nected to a first end of the first bent portion 31, a sec-
ond end of the fourth bent portion 34 is connected to a
first end of the fifth bent portion 35, and a second end
of the fifth bent portion 35 is connected to the first
straight tube segment 1. As shown in Figs. 8 to 9, the
fourth bent portion 34 and the fifth bent portion 35 have
different bending directions, and the fifth bent portion
35 is bent such that the first straight tube segment 1
and the second straight tube segment 2 are close to
each other and parallel to each other. With the above
configuration, excessive tensile force on the bending
outer edge of the first bent portion and excessive extru-
sion on the bending inner edge of the first bent portion
are avoided while ensuring the basic U-shape of the
first bent portion 31, and the thickness of the entire heat
exchanger is reduced at the same time.
[0041] According to the heat exchanger provided by
the present disclosure, in the third exemplary embodi-
ment shown in Figs. 15 to 18, the same basic structure
and configuration as those of the first exemplary embo-
diment shown in Figs. 1 to 7 are adopted. Only the
differences between the third exemplary embodiment
and the first exemplary embodiment are described be-
low, and the remaining parts may refer to the technical
content described in the first exemplary embodiment.
Referring to Figs. 15 to 18, according to the third ex-
emplary embodiment, the heat exchanger 100 adopts a
plurality of insert fins 20’. Each insert fin 20’ has a plur-
ality of insertion slots 21’. Specifically, the first straight
tube segment 1 and the second straight tube segment
2 of at least some of the heat exchange tubes 10 are
located in different or adjacent insertion slots 21’ of
each insert fin 20’, respectively, and the first straight
tube segment 1 of at least some of the heat exchange
tubes 10 and the second straight tube segment 2 of
another adjacent heat exchange tube 10 are located in
different or adjacent insertion slots 21’ of each insert fin
20’, respectively. The arrangement of the insert fins 20’

makes the connection between the heat exchange
tubes 10 and the fins firmer, and also facilitates the
assembly and maintenance of the heat exchanger 100.
With the provision of the plurality of insertion slots 21’ in
the insert fins 20’, the first straight tube segment 1 and
the second straight tube segment 2 of the heat ex-
change tube 10 can be conveniently inserted into the
insertion slots 21’ to form a stable connection.
[0042] According to the heat exchanger provided by
the present disclosure, in the fourth exemplary embodi-
ment shown in Figs. 19 to 21, the same basic structure
and configuration as those of the first exemplary embo-
diment shown in Figs. 1 to 7 are adopted. Only the
differences between the fourth exemplary embodiment
and the first exemplary embodiment are described be-
low, and the remaining parts may refer to the technical
content described in the first exemplary embodiment.
Referring to Figs. 19 to 21, in the heat exchanger 100
according to the fourth exemplary embodiment, the
plurality of heat exchange tubes 10 are arranged in an
array. The heat exchanger 100 further includes a first
header 51, a second header 52, and at least one com-
mon header 53. The end, which is away from the bent
tube segment 3, of one of the first straight tube seg-
ment 1 and the second straight tube segment 2 of at
least some of the heat exchange tubes 10 of at least
one column of heat exchange tubes is connected to
and in fluid communication with the first header 51,
and the end, which is away from the bent tube segment
3, of one of the first straight tube segment 1 and the
second straight tube segment 2 of at least some of the
heat exchange tubes of another column of heat ex-
change tubes adjacent to the at least one column of
heat exchange tubes is connected to and in fluid com-
munication with the second header 52, and the end,
which is away from the bent tube segment 3, of the
other of the first straight tube segment 1 and the sec-
ond straight tube segment 2 of at least some of the
heat exchange tubes of the at least one column of heat
exchange tubes and the end, which is away from the
bent tube segment 3, of the other of the first straight
tube segment 1 and the second straight tube segment
2 of at least some of the heat exchange tubes of the
another column of heat exchange tubes adjacent to the
at least one column of heat exchange tubes 10 are
connected to and in fluid communication with the at
least one common header 53. In addition, the first
straight tube segment of at least some of the heat ex-
change tubes of at least one column of heat exchange
tubes is aligned with the first straight tube segment or
the second straight tube segment of at least some of
the heat exchange tubes of at least another column of
heat exchange tubes in the second direction, and the
second straight tube segment of at least some of the
heat exchange tubes of the at least one column of heat
exchange tubes is aligned with the first straight tube
segment or the second straight tube segment of at
least some of the heat exchange tubes of the at least
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another column of heat exchange tubes in the second
direction. According to this embodiment, the plurality of
heat exchange tubes 10 are arranged in an array,
which can reduce the non-uniformity of the air outlet
temperature and also reduce the risk of being blown
out of the heat exchanger due to excessive local con-
densed water. With the adoption of the common head-
er, taking the structure shown in Fig. 19 as an example,
the refrigerant in the second column of heat exchange
tubes flows into the common header, and the gaseous
refrigerant and the incompletely evaporated liquid re-
frigerant are mixed in a cavity of the common header
before entering a third column of heat exchange tubes.
In addition, in the exemplary embodiment shown in
Figs. 19 to 21, the common header 53 is a single inte-
gral cavity. In another unillustrated embodiment, the
common header 53 may also be composed of two or
more header cavities connected and in fluid communi-
cation via a connection tube, wherein one header cavity
is connected and in fluid communication with the sec-
ond column of heat exchange tubes, and then con-
nected and in fluid communication to another header
cavity via a connecting tube, and the another header
cavity is connected and in fluid communication with the
third column of heat exchange tubes. In this way, the
uniformity of refrigerant distribution to the third column
of heat exchange tubes can be improved, and the heat
exchange performance can be enhanced. In addition,
according to the present embodiment, the heat ex-
change tubes 10 are arranged vertically, and the head-
ers 51, 52 and 53 are arranged horizontally. Such an
arrangement allows the condensed water to be
smoothly discharged along the drainage channel
formed between the heat exchange tubes and the fins
by the action of gravity.
[0043] Specifically, in the exemplary embodiment
shown in Figs. 19 to 21, the first straight tube segments
of two columns of heat exchange tubes 10 are con-
nected to and in fluid communication with the common
header 53, and the second straight tube segments of
the two columns of heat exchange tubes 10 are located
on both sides and connected to and in fluid communi-
cation with the first header 51 and the second header
52, respectively. In another unillustrated embodiment, it
is also possible that the second straight tube segments
of two columns of heat exchange tubes 10 are con-
nected to and in fluid communication with the common
header 53, and the first straight tube segments of the
two columns of heat exchange tubes 10 are located on
both sides and connected to and in fluid communication
with the first header 51 and the second header 52,
respectively. In another unillustrated embodiment, it is
also possible that the first straight tube segments of
one column of heat exchange tubes 10 and the second
straight tube segments of the adjacent column of heat
exchange tubes 10 are connected to and in fluid com-
munication with the common header 53, and the sec-
ond straight tube segments of the one column of heat

exchange tubes 10 and the first straight tube segments
of the adjacent column of heat exchange tubes 10 are
connected to and in fluid communication with the first
header 51 and the second header 52, respectively.
[0044] In addition, the heat exchanger may include a
plurality of wavy fins, wherein one wavy fin is disposed
and shared between at least some adjacent two rows
of straight tube segments. In the exemplary embodi-
ment shown in Figs. 19 to 21, in the third direction Z,
the straight tube segments of the front and rear rows of
heat exchange tubes 10 may share one fin 20. Corre-
spondingly, the first straight tube segment of one col-
umn of heat exchange tubes 10 is aligned with one of
the first straight tube segment and the second straight
tube segment of another column of heat exchange
tubes 10 in the second direction Y, and the second
straight tube segment of the column of heat exchange
tubes 10 is aligned with the other of the first straight
tube segment and the second straight tube segment of
the another column of heat exchange tubes 10 in the
second direction Y. The heat exchanger may also in-
clude a plurality of first wavy fins and a plurality of sec-
ond wavy fins; wherein one first wavy fin and one sec-
ond wavy fin are disposed and shared between at least
some adjacent two rows of straight tube segments, and
the one first wavy fin and the one second wavy fin are
aligned in the second direction. In another unillustrated
embodiment, it is also possible that the straight tube
segments of the front and rear rows of heat exchange
tubes 10 in the third direction Z share two separate fins
20, and the two separate fins 20 are aligned in the
second direction Y.
[0045] Those skilled in the art can understand that
the embodiments described above are all exemplary,
and those skilled in the art can make improvements
without departing from the principle and spirit of the
general concept of the present disclosure, and the
structures described in the various embodiments can
be freely combined without structural or principle con-
flicts. The scope of the present disclosure is defined by
the claims and their equivalents.

REFERENCE LIST

[0046]

1 First straight tube segment
2 Second straight tube segment
3 Bent tube segment

10 Heat exchange tube

20 Wavy fin
20’ Insert fin
21’ Insertion slot

30 First bent straight segment
31 First bent portion
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32 Second bent portion
33 Third bent portion
34 Fourth bent portion
35 Fifth bent portion
36 Second bent straight segment

51 First header
52 Second header
53 Common header

100 Heat exchanger

X First direction
Y Second direction
Z Third direction

Claims

1. Heat exchanger (100) comprising: a plurality of
heat exchange tubes (10); wherein at least some
of the heat exchange tubes (10) comprise a first
straight tube segment (1), a second straight tube
segment (2) and a bent tube segment (3) connect-
ing the first straight tube segment (1) and the sec-
ond straight tube segment (2); wherein the first
straight tube segment (1) and the second straight
tube segment (2) extend in a first direction (X), and
the first straight tube segment (1) is offset from the
second straight tube segment (2) in a second di-
rection (Y) and a third direction (Z), wherein the
second direction (Y) is perpendicular to the first
direction (X), and the third direction (Z) is perpendi-
cular to both the first direction (X) and the second
direction (Y);
wherein,
the bent tube segment (3) comprises a first bent
portion (31) which is bent such that the first straight
tube segment (1) is offset from the second straight
tube segment (2) in the second direction (Y), a
projection of the first bent portion (31) on a plane
defined by both the first direction (X) and the sec-
ond direction (Y) is U-shaped, and the first bent
portion (31) is in the same plane with the first
straight tube segment (1).

2. Heat exchanger (100) according to claim 1, where-
in,
the bent tube segment (3) further comprises a sec-
ond bent portion (32) which is bent such that the
second straight tube segment (2) is offset from the
first straight tube segment (1) in the third direction
(Z).

3. Heat exchanger (100) according to claim 2, where-
in,
the bent tube segment (3) further comprises a first
bent straight segment (30) extending in the first
direction (X), wherein the first bent portion (31)

and the second bent portion (32) are connected
via the first bent straight segment (30).

4. Heat exchanger (100) according to claim 2, where-
in,
a spacing between the projection of the first
straight tube segment (1) on the plane defined by
both the first direction (X) and the second direction
(Y) and a projection of the second straight tube
segment (2) on the plane is within a range of plus
or minus one-half of a width of the heat exchange
tube (10).

5. Heat exchanger (100) according to claim 2, where-
in,
at least some of the heat exchange tubes (10)
further comprise a third bent portion (33) which is
bent such that an end of the second straight tube
segment (2) away from the bent tube segment (3)
and an end of the first straight tube segment (1)
away from the bent tube segment (3) are away
from each other in the second direction (Y).

6. Heat exchanger (100) according to claim 3, where-
in,
a first end of the first bent portion (31) is directly
connected to the first straight tube segment (1),
and a second end of the first bent portion (31) is
connected to the second straight tube segment (2)
via the first bent straight segment (30) and the sec-
ond bent portion (32) in sequence.

7. Heat exchanger (100) according to claim 3, where-
in,
the first bent portion (31) comprises a protruding
portion which protrudes to one side relative to the
first straight tube segment (1) or the second
straight tube segment (2) in the second direction
(Y).

8. Heat exchanger (100) according to claim 7, where-
in,

the protruding portion comprises a fourth bent
portion (34) and a fifth bent portion (35);
wherein,
the fourth bent portion (34) and the fifth bent
portion (35) are bent such that a first end of the
fourth bent portion (34) is connected to a first
end of the first bent portion (31), a second end
of the fourth bent portion (34) is connected to a
first end of the fifth bent portion (35), and a
second end of the fifth bent portion (35) is con-
nected to the first straight tube segment (1).

9. Heat exchanger (100) according to claim 8, where-
in,
the fourth bent portion (34) and the fifth bent por-
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tion (35) have different bending directions, and the
fifth bent portion (35) is bent such that the first
straight tube segment (1) and the second straight
tube segment (2) are close to each other.

10. Heat exchanger (100) according to claim 8, where-
in,

the bent tube segment (3) further comprises a
second bent straight segment (36),
wherein the fourth bent portion (34) is con-
nected to the first bent portion (31) via the sec-
ond bent straight segment (36).

11. Heat exchanger (100) according to any one of
claims 1 to 10, wherein,

the plurality of heat exchange tubes (10) are
arranged in an array;
the heat exchanger (100) further comprises a
first header (51), a second header (52), and at
least one common header (53);
wherein an end, which is away from the bent
tube segment (3), of one of the first straight
tube segment (1) and the second straight tube
segment (2) of at least some of the heat ex-
change tubes (10) of at least one column of
heat exchange tubes (10) is connected to and
in fluid communication with the first header
(51), and an end, which is away from the bent
tube segment (3), of one of the first straight
tube segment (1) and the second straight tube
segment (2) of at least some of the heat ex-
change tubes (10) of another column of heat
exchange tubes (10) adjacent to the at least
one column of heat exchange tubes (10) is
connected to and in fluid communication with
the second header (52); and wherein an end,
which is away from the bent tube segment (3),
of the other of the first straight tube segment
(1) and the second straight tube segment (2) of
at least some of the heat exchange tubes (10)
of the at least one column of heat exchange
tubes (10), and an end, which is away from
the bent tube segment (3), of the other of the
first straight tube segment (1) and the second
straight tube segment (2) of at least some of
the heat exchange tubes (10) of the another
column of heat exchange tubes (10) adjacent
to the at least one column of heat exchange
tubes (10) are connected to and in fluid com-
munication with the at least one common
header (53).

12. Heat exchanger (100) according to claim 11,
wherein,

the heat exchanger (100) further comprises a

plurality of wavy fins (20);
wherein one wavy fin (20) is disposed and
shared between at least some adjacent two
rows of straight tube segments.

13. Heat exchanger (100) according to claim 11,
wherein,

the heat exchanger (100) further comprises a
plurality of first wavy fins (20) and a plurality of
second wavy fins (20);
wherein one first wavy fin (20) and one second
wavy fin (20) are disposed and shared be-
tween at least some adjacent two rows of
straight tube segments, and the one first wavy
fin (20) and the one second wavy fin (20) are
aligned in the second direction (Y).

14. Heat exchanger (100) according to claim 11,
wherein,
the first straight tube segment (1) of at least some
of the heat exchange tubes (10) of at least one
column of heat exchange tubes (10) is aligned with
the first straight tube segment (1) or the second
straight tube segment (2) of at least some of the
heat exchange tubes (10) in at least another col-
umn of heat exchange tubes (10) in the second
direction (Y), and the second straight tube segment
(2) of at least some of the heat exchange tubes
(10) of the at least one column of heat exchange
tubes (10) are aligned with the first straight tube
segment (1) or the second straight tube segment
(2) of at least some of the heat exchange tubes
(10) of at least another column of heat exchange
tubes (10) in the second direction (Y).

15. Heat exchanger (100) according to any one of
claims 1 to 10, wherein,
the heat exchange tube (10) is a micro-channel flat
heat exchange tube (10) with a plurality of flow
holes therein, the first direction (X) is a length di-
rection of the first straight tube segment (1) or the
second straight tube segment (2) of the heat ex-
change tube (10), the second direction (Y) is a
width direction of the first straight tube segment (1)
or the second straight tube segment (2) of the heat
exchange tube (10), and the third direction (Z) is a
thickness direction of the first straight tube seg-
ment (1) or the second straight tube segment (2)
of the heat exchange tube(10).
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