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(54) HEAT EXCHANGER

(57) A heat exchanger (100), the heat exchanger
(100) comprising: a plurality of heat exchange tubes (1) o1

arranged in a first direction and extending in a second ' 3 100
direction perpendicular to the first direction; and a plural- ;f' ~
ity of fins (2) provided between every two adjacent heat Lm : __J
exchange tubes (1) and in contact with one another, each 4
fin (2) comprising a curved surface portion. The heat ex- 4
changer is able to increase the heat exchange area.
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Description
Cross-reference to related application

[0001] The present application claims the rights and
interests of Chinese patent application no.
201811632359.5 submitted to the Chinese Patent Office
on December 28, 2018, the entire disclosed contents of
which are incorporated herein by reference.

Technical Field

[0002] The embodiments of the present invention re-
late to a heat exchanger.

Background

[0003] In conventional heat exchangers, usually only
one corrugatedfinis arranged between two adjacent heat
exchange tubes.

Summary of the Invention

[0004] The object of the embodiments of the present
invention is to provide a heat exchanger, which can in-
crease the heat exchange area, for example.

[0005] According to an embodiment of the present in-
vention, a heat exchanger is provided, comprising: a plu-
rality of heat exchange tubes arranged in a first direction
and extending in a second direction perpendicular to the
first direction; and a plurality of fins arranged between
two adjacent heat exchange tubes and in contact with
each other, the fin comprising a curved-surface portion.
[0006] According to an embodiment of the present in-
vention, the second direction and a third direction per-
pendicular to the first direction and the second direction
define a reference plane; in at least one of two mutually
perpendicular cross sections perpendicular to the refer-
ence plane, the curved-surface portion has a curved-line
shape.

[0007] According to an embodiment of the present in-
vention, the curved-surface portion is formed by a plu-
rality of planar portions.

[0008] According to an embodiment of the present in-
vention, the curved-surface portion of the fin has a small-
er curvature at one side in the third direction of the heat
exchanger than at the other side in the third direction of
the heat exchanger; and/or the curved-surface portion of
the fin has a smaller curvature at one side in the second
direction of the heat exchanger than at the other side in
the second direction of the heat exchanger.

[0009] According to an embodiment of the present in-
vention, the curvature of the curved-surface portion of
the fin gradually increases from one side in the third di-
rection of the heat exchanger to the other side in the third
direction of the heat exchanger; and/or the curvature of
the curved-surface portion of the fin gradually increases
from one side in the second direction of the heat exchang-
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er to the other side in the second direction of the heat
exchanger.

[0010] According to an embodiment of the present in-
vention, the curvature of the curved-surface portion of
the fin is zero at said one side in the third direction of the
heat exchanger; and/or the curvature of the curved-sur-
face portion of the finis zero at said one side inthe second
direction of the heat exchanger.

[0011] According to an embodiment of the present in-
vention, the curved-surface portion of the fin has a cor-
rugated shape and comprises alternately arranged strip-
shaped ridges and troughs.

[0012] According to the embodiment of the present in-
vention, mutually contacting ridges of the curved-surface
portions of two adjacent fins cross over each other.
[0013] According to an embodiment of the present in-
vention, when viewed in the first direction, mutually con-
tacting ridges of the curved-surface portions of two ad-
jacent fins are arranged symmetrically with respect to a
plane defined by the first direction and the second direc-
tion.

[0014] According to an embodiment of the present in-
vention, when viewed in the first direction, the curved-
surface portion of the fin has an I-shape, a V-shape, a
W-shape, a C-shape or an L-shape.

[0015] According to an embodiment of the present in-
vention, the curved-surface portion of the fin has a bumpy
shape and comprises multiple rows of discrete protru-
sions and multiple rows of discrete depressions.

[0016] According to an embodiment of the present in-
vention, protrusions of the curved-surface portions of two
adjacent fins are in contact with each other.

[0017] According to an embodiment of the present in-
vention, adjacent fins between two adjacent heat ex-
change tubes are spaced apart at one side in the third
direction of the heat exchanger; and/or adjacent fins be-
tween two adjacent heat exchange tubes are spaced
apart at one side in the second direction of the heat ex-
changer.

[0018] The heat exchanger according to the embodi-
ments of the present invention can increase the heat ex-
change area, for example.

Brief Description of the Drawings
[0019]

Fig. 1 is a schematic diagram of a heat exchanger
according to an embodiment of the present inven-
tion;

Fig. 2 is a schematic three-dimensional view of a fin
according to a first embodiment of the present inven-
tion;

Fig. 3 is a schematic three-dimensional view of a fin
according to a second embodiment of the present
invention;

Fig. 4 is a schematic three-dimensional view of a fin
according to a third embodiment of the present in-
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vention;

Fig. 5 is a schematic partial enlarged three-dimen-
sional view of a heat exchanger according to the third
embodiment of the present invention;

Fig. 6 is a schematic three-dimensional view of a fin
according to a fourth embodiment of the present in-
vention; and

Fig. 7 is a schematic partial enlarged three-dimen-
sional view of a heat exchanger according to the
fourth embodiment of the present invention.

Detailed Description of the Invention

[0020] The presentinvention is explained further below
in conjunction with the drawings and particular embodi-
ments.

[0021] Referring to Figs. 1 to 7, a heat exchanger 100
according to an embodiment of the present invention
comprises: a plurality of heat exchange tubes 1 arranged
in a first direction D1 and extending in a second direction
D2 perpendicular to the first direction D1; and a plurality
of fins 2 arranged between two adjacent heat exchange
tubes 1 and in contact with each other, the fin 2 compris-
ing a curved-surface portion 20. The heat exchanger 100
further comprises headers 3; the heat exchange tubes 1
are connected between the two headers 3, and are in
fluid communication with the two headers 3. The heat
exchange tubes 1 may be flat tubes. The fins 2 extend
in the second direction D2, and are parallel to the heat
exchange tubes 1. The fins 2 have a plate-like shape.
The entire fin 2 may be the curved-surface portion 20.
The heat exchanger in an embodiment of the present
invention can, for example, increase the heat exchange
area, and can also increase the turbulence of the fluid
(for example, wind) by disturbing flow, so as to enhance
heat exchange.

[0022] Referring to Figs. 1 to 7, according to an em-
bodiment of the present invention, the second direction
D2 and a third direction D3 perpendicular to the first di-
rection D1 and the second direction D2 define areference
plane, and in at least one of two mutually perpendicular
cross sections perpendicular to the reference plane, the
curved-surface portion 20 has a curved-line shape. The
curved-surface portion 20 may be formed by a plurality
of planar portions, for example, by a plurality of small
planar portions.

[0023] Referring to Figs. 1 and 2, according to an em-
bodiment of the present invention, the curved-surface
portion 20 of the fin 2 has a smaller curvature at one side
in the third direction D3 of the heat exchanger 100 than
at the other side in the third direction D3 of the heat ex-
changer 100; and/or the curved-surface portion 20 of the
fin 2 has a smaller curvature at one side in the second
direction D2 of the heat exchanger 100 than at the other
side in the second direction D2 of the heat exchanger
100. According to an example of the present invention,
the curvature of the curved-surface portion 20 of the fin
2 gradually increases from one side in the third direction
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D3 of the heat exchanger 100 to the other side in the
third direction D3 of the heat exchanger 100; and/or the
curvature of the curved-surface portion 20 of the fin 2
gradually increases from one side in the second direction
D2 of the heat exchanger 100 to the other side in the
second direction D2 of the heat exchanger 100. For ex-
ample, the curvature of the curved-surface portion 20 of
the fin 2 is zero at said one side in the third direction D3
of the heat exchanger 100; and/or the curvature of the
curved-surface portion 20 of the fin 2 is zero at said one
side in the second direction D2 of the heat exchanger
100.

[0024] Referring to Figs. 1 and 2, according to an em-
bodiment of the present invention, adjacent fins 2 be-
tween two adjacent heat exchange tubes 1 are not con-
nected to each other or are spaced apart at one side in
the third direction D3 of the heat exchanger 100; and/or
adjacent fins 2 between two adjacent heat exchange
tubes 1 are not connected to each other or are spaced
apart at one side in the second direction D2 of the heat
exchanger 100.

[0025] Referring to Figs. 1 and 2, according to an em-
bodiment of the present invention, a curved surface pa-
rameter of the fin 2 varies on a single fin 2, or varies
among multiple fins 2; referring to Figs. 1 and 2, at one
side in the third direction D3 of the heat exchanger 100,
such as the windward side, the curvature of the fin 2 is
small, and can be as small as 0, i.e. planar. From the
windward side to the leeward side (the other side in the
third direction D3 of the heat exchanger 100), the curva-
ture increases. In this way, the windward side is not easily
blocked by frost, so the defrost cycle is increased while
facilitating water drainage. The windward sides of adja-
cent fins 2 may not be connected together, i.e. they may
be spaced apart. When the heat exchange tubes 100 are
placed approximately vertically (when the heat exchang-
er 100 is placed as shown in Fig. 1), the curvature at the
bottom (one side in the second direction D2 of the heat
exchanger 100) is small, and can be as small as 0, i.e.
planar. This facilitates water drainage at the bottom. The
bottoms of adjacent fins may not be connected to each
other, that is, they may be spaced apart.

[0026] Referring to Figs. 2 to 5, according to an em-
bodiment of the present invention, the curved-surface
portion 20 of the fin 2 has a corrugated shape and com-
prises alternately arranged strip-shaped ridges 21 and
troughs 22. Aridge 21 when viewed from one side in the
first direction D1 of the fin 2 is a trough 22 when viewed
from the other side in the first direction D1 of the fin 2.
[0027] Referringto Fig. 3, according to an embodiment
of the present invention, the fin 2 is provided with an
opening 25, which may be an opening formed by remov-
ing material, an opening with a flange, or a window-like
opening, etc. By breaking the boundary layer when fluid
is flowing, the thickness of the boundary layer is reduced,
and the effect of improving heat exchange is achieved.
[0028] Referring to Figs. 4 and 5, according to an em-
bodiment of the present invention, mutually contacting
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ridges 21 of the curved-surface portions 20 of two adja-
cent fins 2 cross over each other. For example, when
viewed in the first direction D1, the mutually contacting
ridges 21 of the curved-surface portions 20 of two adja-
cent fins 2 are arranged symmetrically with respect to a
plane defined by the first direction D1 and the second
direction D2. When viewed in the first direction D1, the
curved-surface portion 20 of the fin 2 may have an I-
shape, a V-shape, a W-shape, a C-shape or an L-shape,
etc.

[0029] Referring to Figs. 4 and 5, according to an em-
bodiment of the present invention, the fins 2 may be con-
nected to each other by means of protruding parts on the
fins 2. For example, the fin 2 has a corrugated pattern
comprising the ridges 21 and troughs 22. Adjacent fins
2 are connected, and the ridges 21 (or troughs 22) of two
adjacent fins 2 cross over each other to form channels
between the adjacent fins 2, so that wind can pass
through the channels and exchange heat with the fins.
When the heat exchanger 100 is placed as shown in Fig.
1, condensed water can be discharged from the bottom
of the fins 2 along the channels. The curved-surface por-
tion 20 of the fin 2 has a corrugated shape, wherein the
waves are periodic. The ridge 21 and the trough 22 may
both extend in one direction, or each ridge 21 and trough
22 is composed of a plurality of linear parts. The wave
dimensions (period size, wave height, angle, etc.) on
each wave can be different. On a single fin 20, the wave
dimensions of two adjacent fins 20 may also be different.
Relative to the third direction, mutually contacting ridges
21 (ortroughs 22) of two adjacentfins 2 are symmetrically
arranged.

[0030] Referring to Figs. 6 and 7, according to an em-
bodiment of the present invention, the curved-surface
portion 20 of the fin 2 has a bumpy shape and comprises
multiple rows of discrete protrusions 23 and multiple rows
of discrete depressions 24. Protrusions 23 of the curved-
surface portions 20 of two adjacent fins 2 are in contact
with each other. The protrusions 23 may comprise atleast
one of a drop-shaped protrusion, a crescent-shaped pro-
trusion and a round protrusion. A protrusion 23 when
viewed from one side in the first direction D1 of the fin 2
is a depression 24 when viewed from the other side in
the first direction D1 of the fin 2. There can be a smooth
transition between the tops of adjacent protrusions 23
and depressions 24; that is to say, transitional surfaces
connecting the tops of the protrusions 23 and the tops of
the depressions 24 can be smooth curved surfaces.
[0031] Referring to Figs. 6 and 7, according to an em-
bodiment of the present invention, the protrusions 23 of
the curved-surface portions 20 that are in contact with
each other are arranged to be staggered or arranged in
parallel. The protrusions 23 may be streamlined; for ex-
ample, the protrusions 23 at the windward side are larger
than the protrusions 23 at the leeward side. The dimen-
sions of the protrusions 23 vary on a single fin 2, e.g. the
height, size, density, etc. of the protrusions. The dimen-
sions of the protrusions 23 on the plurality of fins 2 may
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also vary.

[0032] The fin 2 canalso be provided with another con-
necting member to connect the adjacent fin 2 or the heat
exchangetube 1. In addition, a protruding curved-surface
connecting member can be further formed on the fin 2.
At least one side surface of at least a portion of the fins
is provided with a connecting member for connecting the
adjacent fin 2 or the heat exchange tube 1. The connect-
ing member can be a protrusion further punched out on
the fin 2, or a flange (L-shaped flange, O-shaped flange,
etc.), a bridging piece, etc., or a combination thereof. The
flange ofthe opening in Fig. 3 can also actas a connecting
member.

Claims
1. A heat exchanger, comprising:

a plurality of heat exchange tubes arranged in
a first direction and extending in a second direc-
tion perpendicular to the first direction; and

a plurality of fins arranged between two adjacent
heat exchange tubes and in contact with each
other, the fin comprising a curved-surface por-
tion.

2. The heat exchanger as claimed in claim 1, wherein:
the second direction and a third direction perpendic-
ular to the first direction and the second direction
define a reference plane; in at least one of two mu-
tually perpendicular cross sections perpendicular to
the reference plane, the curved-surface portion has
a curved-line shape.

3. The heat exchanger as claimed in claim 1, wherein:
the curved-surface portion is formed by a plurality of
planar portions.

4. The heat exchanger as claimed in claim 2, wherein:

the curved-surface portion of the fin has a small-
er curvature at one side in the third direction of
the heat exchanger than at the other side in the
third direction of the heat exchanger; and/or

the curved-surface portion of the fin has a small-
er curvature at one side in the second direction
of the heat exchanger than at the other side in
the second direction of the heat exchanger.

5. The heat exchanger as claimed in claim 2, wherein:

the curvature of the curved-surface portion of
the fin gradually increases from one side in the
third direction of the heat exchanger to the other
side in the third direction of the heat exchanger;
and/or

the curvature of the curved-surface portion of
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the fin gradually increases from one side in the
second direction of the heat exchanger to the
other side in the second direction of the heat
exchanger.

6. The heat exchanger as claimed in claim 4 or 5,
wherein:

the curvature of the curved-surface portion of

the fin is zero at said one side in the third direc- 10
tion of the heat exchanger; and/or

the curvature of the curved-surface portion of

the fin is zero at said one side in the second
direction of the heat exchanger.

15
7. The heat exchanger as claimed in claim 1, wherein:
the curved-surface portion of the fin has a corrugated
shape and comprises alternately arranged strip-
shaped ridges and troughs.
20

8. The heat exchanger as claimed in claim 7, wherein:
mutually contacting ridges of the curved-surface por-
tions of two adjacent fins cross over each other.

9. The heat exchanger as claimed in claim 7, wherein: 25
when viewed in the first direction, mutually contact-
ing ridges of the curved-surface portions of two ad-
jacent fins are arranged symmetrically with respect
to a plane defined by the first direction and the sec-
ond direction. 30

10. The heat exchanger as claimed in claim 7, wherein:
when viewed in the first direction, the curved-surface
portion of the fin has an I-shape, a V-shape, a W-
shape, a C-shape or an L-shape. 35

11. The heat exchanger as claimed in claim 1, wherein:
the curved-surface portion of the fin has a bumpy
shape and comprises multiple rows of discrete pro-
trusions and multiple rows of discrete depressions. 40

12. The heatexchanger as claimedin claim 11, wherein:
protrusions of the curved-surface portions of two ad-
jacent fins are in contact with each other.

45

13. The heat exchanger as claimed in any one of claims
1 to 5, wherein:

adjacent fins between two adjacent heat ex-
change tubes are spaced apart at one side in 50
the third direction of the heat exchanger; and/or
adjacent fins between two adjacent heat ex-
change tubes are spaced apart at one side in

the second direction of the heat exchanger.
55
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