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(54) HEAT EXCHANGER, HEAT EXCHANGER MODULE, AND AIR CONDITIONING SYSTEM

(57) A heat exchanger (100), a heat exchanger mod-
ule (100’) having the heat exchanger (100), and an air
conditioning system having the heat exchanger (100) or
the heat exchanger module (100’); the heat exchanger
(100) comprises: a first header (11) and a second header
(12), with an axis of the first header (11) being inclined
relative to an axis of the second header (12); and a heat
exchange pipe (2) connected to the first header (11) and
the second header (12), the heat exchange pipe (2) being
bent. The heat exchange efficiency can be increased by
using the heat exchanger (100).
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Description

Cross-reference to related application

[0001] The present application claims the benefit of
Chinese patent application no. 201610739420.0 submit-
ted to the Chinese Patent Office on 26 August 2016, the
entire disclosed contents of which are incorporated here-
in by reference.

Technical field

[0002] The embodiments of the present invention re-
late to a heat exchanger, a heat exchanger module hav-
ing the heat exchanger, and an air conditioning system
having the heat exchanger or the heat exchanger mod-
ule.

Background

[0003] A heat exchanger comprises headers, heat ex-
change pipes connected to the headers, and fins dis-
posed between the heat exchange pipes.

Summary of the invention

[0004] An object of the embodiments of the present
invention is to provide a heat exchanger, a heat exchang-
er module having the heat exchanger, and an air condi-
tioning system having the heat exchanger or the heat
exchanger module, whereby for example, the heat ex-
change efficiency can be increased.
[0005] An embodiment of the present invention pro-
vides a heat exchanger, comprising: a first header and
a second header, with an axis of the first header being
inclined relative to an axis of the second header; and
a heat exchange pipe connected to the first header and
the second header, the heat exchange pipe being bent.
[0006] According to an embodiment of the present in-
vention, the heat exchange pipe has an arcuate shape.
[0007] According to an embodiment of the present in-
vention, the heat exchange pipe has an arcuate shape,
with the centre of a circle being substantially located at
a point of intersection of the axis of the first header and
the axis of the second header.
[0008] According to an embodiment of the present in-
vention, the heat exchange pipe has an arcuate shape,
with the centre of a circle being located at a side where
a distance between the first header and the second head-
er is narrower.
[0009] According to an embodiment of the present in-
vention, the heat exchange pipe comprises a first part
connected to the first header and a second part connect-
ed to the second header, the first part being inclined rel-
ative to the second part.
[0010] According to an embodiment of the present in-
vention, the first part and the second part are formed by
bending a middle part of the heat exchange pipe.

[0011] According to an embodiment of the present in-
vention, the heat exchange pipe comprises a first part
connected to the first header, a second part connected
to the second header, and a third part located between
the first part and the second part, with the first part and
the second part being inclined relative to the third part.
[0012] According to an embodiment of the present in-
vention, an included angle between the first part and the
third part is substantially equal to an included angle be-
tween the second part and the third part.
[0013] According to an embodiment of the present in-
vention, the first part is substantially perpendicular to the
first header, and the second part is substantially perpen-
dicular to the second header.
[0014] According to an embodiment of the present in-
vention, the first header, the second header and the heat
exchange pipe are substantially in the same plane.
[0015] According to an embodiment of the present in-
vention, the heat exchange pipe protrudes to one side of
a plane defined by the first header and the second head-
er.
[0016] According to an embodiment of the present in-
vention, the heat exchange pipes have substantially the
same length.
[0017] According to an embodiment of the present in-
vention, at least a part of the heat exchange pipe in a
length direction has an arcuate shape.
[0018] According to an embodiment of the present in-
vention, the heat exchange pipes are arranged at sub-
stantially identical intervals.
[0019] According to an embodiment of the present in-
vention, first openings of the first header for inserting
ends of the heat exchange pipes into are arranged at
substantially equal intervals in the axial direction of the
first header, and second openings of the second header
for inserting ends of the heat exchange pipes into are
arranged at substantially equal intervals in the axial di-
rection of the second header; the intervals between the
first openings of the first header are substantially identical
to the intervals between the second openings of the sec-
ond header.
[0020] According to an embodiment of the present in-
vention, the heat exchange pipes are arranged at sub-
stantially identical intervals; first openings of the first
header for inserting ends of the heat exchange pipes into
are arranged at substantially equal intervals in the axial
direction of the first header, and second openings of the
second header for inserting ends of the heat exchange
pipes into are arranged at substantially equal intervals in
the axial direction of the second header; the intervals
between the first openings of the first header, the intervals
between the second openings of the second header, and
the intervals between the heat exchange pipes are sub-
stantially identical.
[0021] An embodiment of the present invention pro-
vides a heat exchanger module, comprising: the heat ex-
changer described above; and a rectangular heat ex-
changer connected to the heat exchanger described
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above.
[0022] An embodiment of the present invention pro-
vides an air conditioning system, comprising the heat ex-
changer described above, or the heat exchanger module
described above.
[0023] The heat exchanger, the heat exchanger mod-
ule and the air conditioning system according to embod-
iments of the present invention can for example increase
heat exchange efficiency.

Brief Description of the Drawings

[0024]

Fig. 1 is a schematic three-dimensional view of a
heat exchanger module according to an embodiment
of the present invention;
Fig. 2 is a schematic side view of a heat exchanger
module according to an embodiment of the present
invention;
Fig. 3 is a schematic top view of a heat exchanger
module according to an embodiment of the present
invention;
Fig. 4 is a schematic diagram of a heat exchanger
according to a first embodiment of the present inven-
tion;
Fig. 5 is a schematic diagram of a heat exchanger
according to a second embodiment of the present
invention;
Fig. 6 is a schematic diagram of a heat exchanger
according to a third embodiment of the present in-
vention;
Fig. 7 is a schematic diagram of heat exchange pipe
of the heat exchanger according to the third embod-
iment of the present invention;
Fig. 8 is a schematic diagram of a heat exchanger
according to a fourth embodiment of the present in-
vention before bending;
Fig. 9 is a schematic diagram of a heat exchanger
according to a fourth embodiment of the present in-
vention after bending; and
Fig. 10 is another schematic diagram of the heat ex-
changer according to the fourth embodiment of the
present invention after bending.

Detailed Description of the Invention

[0025] Referring to Figs. 1 to 10, an air conditioning
system according to an embodiment of the present in-
vention comprises a heat exchanger 100, or a heat ex-
changer module 100’. The heat exchanger module 100’
according to an embodiment of the present invention
comprises the heat exchanger 100; and a rectangular
heat exchanger 100" connected to the heat exchanger
100. The air conditioning system may be an electrically
driven air conditioning unit, e.g. an electrically driven air-
cooled modular chiller. The heat exchanger 100 and the
heat exchanger 100" may be all-aluminium microchannel

heat exchangers. The heat exchanger module 100’ may
also comprise multiple heat exchangers 100 and multiple
heat exchangers 100", e.g. two heat exchangers 100 and
two heat exchangers 100" forming a rectangular ring.
[0026] Referring to Figs. 4 to 10, the heat exchanger
100 according to an embodiment of the present invention
comprises: a first header 11 and a second header 12,
with an axis of the first header 11 being inclined relative
to an axis of the second header 12; and heat exchange
pipes 2 connected to the first header 11 and the second
header 12, the heat exchange pipes 2 being bent. The
heat exchanger 100 further comprises fins 3 disposed
between the heat exchange pipes 2. The heat exchanger
100" comprises headers, heat exchange pipes, and fins
disposed between the heat exchange pipes. The heat
exchange pipes 2 may be flat pipes; the heat exchanger
100 and the heat exchanger 100" may be microchannel
heat exchangers. Referring to Figs. 4 to 10, in an em-
bodiment of the present invention, the heat exchange
pipes 2 into are arranged at substantially identical inter-
vals.
[0027] Referring to Figs. 4 to 10, in an embodiment of
the present invention, first openings of the first header
11 for inserting ends of the heat exchange pipes 2 into
are arranged at substantially equal intervals in the axial
direction of the first header 11, and second openings of
the second header 12 for inserting ends of the heat ex-
change pipes 2 into are arranged at substantially equal
intervals in the axial direction of the second header 12;
the intervals between the first openings of the first header
11 are substantially identical to the intervals between the
second openings of the second header 12.
[0028] Referring to Figs. 4 to 10, for example, the heat
exchange pipes 2 are arranged at substantially identical
intervals; the first openings of the first header 11 for in-
serting the ends of the heat exchange pipes 2 into are
arranged at substantially equal intervals in the axial di-
rection of the first header 11, and the second openings
of the second header 12 for inserting the ends of the heat
exchange pipes 2 into are arranged at substantially equal
intervals in the axial direction of the second header 12;
the intervals between the first openings of the first header
11, the intervals between the second openings of the
second header 12, and the intervals between the heat
exchange pipes 2 are substantially identical.
[0029] As shown in Fig. 4, the heat exchange pipes 2
have an arcuate shape. The centre of a circle may be
substantially located at a point of intersection of the axis
of the first header 11 and the axis of the second header
12, or located at a side where a distance between the
first header 11 and the second header 12 is narrower
(the lower side in Fig. 4). The heat exchanger 100 has a
substantially fan-like shape or is in the shape of an isos-
celes trapezium. The lengths of the heat exchange pipes
2 and the fins 3 increase progressively according to a
certain rule (excluding upper and lower edge plates which
have a protective function): the length of a first heat ex-
change pipe 2 is L1, the length of a first fin is L2, and
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from bottom to top, the lengths of an (n)th heat exchange
pipe 2 and an (n)th fin 3 are L1-(n-1)π*H*α/180 and L2-(n-
1)π∗H∗α/180 respectively, wherein the interval between
the openings of the headers is H, a centre-to-centre spac-
ing of the heat exchange pipes 2 is H, an included angle
between the first header 11 and the second header 12
is α, and a bending radius of the heat exchange pipe 2
is R. In the heat exchanger of this embodiment of the
present invention, the interval between the openings of
the headers is the same as the interval between the heat
exchange pipes 2, such that the number of types of fins
can be reduced; for example, when the heat exchanger
100 and the rectangular heat exchanger 100" are assem-
bled for use, only one type of fin is needed.
[0030] As shown in Figs. 5 to 7, the heat exchange
pipe 2 comprises a first part 21 connected to the first
header 11 and a second part 22 connected to the second
header 12; the first part 21 is inclined relative to the sec-
ond part 22. For example, as shown in Fig. 5, the first
part 21 and the second part 22 are formed by bending a
middle part of the heat exchange pipe 2.
[0031] As shown in Figs. 6 and 7, the heat exchange
pipe 2 comprises a first part 21 connected to the first
header 11, a second part 22 connected to the second
header 12, and a third part 23 located between the first
part 21 and the second part 22; the first part 21 and the
second part 22 are inclined relative to the third part 23.
For example, an included angle between the first part 21
and the third part 23 is substantially equal to an included
angle between the second part 22 and the third part 23.
[0032] In an embodiment of the present invention, as
shown in Figs. 5 to 7, the first part 21 is substantially
perpendicular to the first header 11, and the second part
22 is substantially perpendicular to the second header
12.
[0033] In an embodiment of the present invention, as
shown in Fig. 5, the lengths of the heat exchange pipes
2 and the fins 3 increase progressively according to a
certain rule (excluding upper and lower edge plates which
have a protective function): the length of a first heat ex-
change pipe 2 is L1, the length of a first fin 3 is L2, and
from top to bottom the lengths of an (n)th heat exchange
pipe 2 and an (n)th fin 3 are L1-2(n-1)∗H∗tan(α/2) and
L2-2(n-1)∗H∗tan(α/2) respectively, wherein the interval
between the openings of the headers is H, the centre-to-
centre spacing of the heat exchange pipes 2 is H, the
included angle between the first header 11 and the sec-
ond header 12 is α, and a bending angle of the heat
exchange pipes 2 is β=180°-α. In this embodiment of the
present invention, the heat exchange pipes are bent in
the middle, and the ends of the heat exchange pipes 2
are inserted perpendicularly into the headers. In the heat
exchanger according to an embodiment of the present
invention, the interval between the openings of the head-
ers is the same as the interval between the heat ex-
change pipes 2; for example, when the heat exchanger
100 and the rectangular heat exchanger 100" are assem-
bled for use, fins of identical height, and headers having

identical intervals between the openings for inserting the
ends of the heat exchange pipes 2 into can be used. In
addition, the ends of the heat exchange pipes 2 are in-
serted perpendicularly into the headers, such that the
openings in the headers for the insertion of the heat ex-
change pipes 2 can be machined conveniently.
[0034] As shown in Figs. 6 and 7, in an embodiment
of the present invention, the lengths of the heat exchange
pipes 2 and the fins 3 decrease progressively according
to a certain rule: supposing that the length of a first heat
exchange pipe 2 is L1, and the length of a first fin is L2;
from top to bottom, the lengths of an (n)th heat exchange
pipe 2 and an (n)th fin 3 are L1-2(n-1)∗H∗tan(α/2) and
L2-2(n-1)∗H∗tan(α/2) respectively, wherein the centre-to-
centre spacing of the heat exchange pipes 2 is H, the
interval between the openings of the headers is
H1=H∗cos(α/2), the bending angle of the heat exchange
pipes 2 is α1=180°-(α/2), and α is the included angle
between the first header 11 and the second header 12.
In this embodiment, the heat exchange pipes 2 are bent
at both ends. The ends of the heat exchange pipes 2 are
perpendicularly inserted into the headers, such that the
openings in the headers for the insertion of the heat ex-
change pipes 2 can be machined conveniently. Thus, the
machining of the heat exchanger is simple, and the heat
exchange area is maximized in a limited installation
space.
[0035] In an embodiment of the present invention, as
shown in Figs. 4 to 7, the first header 11, the second
header 12 and the heat exchange pipe 2 are substantially
in the same plane.
[0036] As shown in Figs. 8 to 10, the heat exchange
pipes 2 protrude to one side of a plane defined by the
first header 11 and the second header 12. The heat ex-
change pipes 2 may have substantially the same length.
At least a partial region of the heat exchange pipe 2, or
at least a part of the heat exchange pipe 2 in a length
direction (e.g. a middle part of the heat exchange pipe
2), may have an arcuate shape.
[0037] As shown in Figs. 8 to 10, in an embodiment of
the present invention, the lengths of the heat exchange
pipes 2 and the lengths of the fins 3 remain substantially
identical from top to bottom. It is the bending angle and
the bending radius of the heat exchange pipes 2 and the
fins 3 which change, substantially according to the fol-
lowing rule: from top to bottom, the bending radii of the
heat exchange pipes 2 and the fins 3 decrease, and the
angle after bending decreases. The heat exchanger 100
according to an embodiment of the present invention is
obtained substantially by bending a rectangular heat ex-
changer. The centre-to-centre spacing of the heat ex-
change pipes 2 is H, the interval between the openings
of the headers is H, and the included angle between the
first header 11 and the second header 12 is α. According
to an embodiment of the present invention, the heat ex-
changer is bent in its entirety, such that the heat ex-
change area is maximized in a limited installation space.
[0038] According to an embodiment of the present in-
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vention, surplus heat exchange space of a chiller may
be used to increase the heat exchange capability and
efficiency of the chiller.
[0039] The heat exchanger and the heat exchanger
module according to an embodiment of the present in-
vention are simple to assemble, convenient to transport
and install (installation or individual transportation can be
chosen with greater flexibility), and do not require bend-
ing or more complex processes. In addition, the heat ex-
changer and heat exchanger module set have a large
heat exchange area, and a high space utilization rate;
and an increase in the heat exchange area of greater
than or equal to 20 - 25% is achieved (compared with a
conventional rectangular heat exchanger).
[0040] In addition, the abovementioned embodiments
according to the present invention may be combined to
form new embodiments.

Claims

1. A heat exchanger, comprising:

a first header and a second header, with an axis
of the first header being inclined relative to an
axis of the second header; and
a heat exchange pipe connected to the first
header and the second header, the heat ex-
change pipe being bent.

2. The heat exchanger as claimed in claim 1, wherein:
the heat exchange pipe has an arcuate shape.

3. The heat exchanger as claimed in claim 1, wherein:
the heat exchange pipe has an arcuate shape, with
the center of a circle being substantially located at a
point of intersection of the axis of the first header and
the axis of the second header.

4. The heat exchanger as claimed in claim 1, wherein:
the heat exchange pipe has an arcuate shape, with
the center of a circle being located at a side where
a distance between the first header and the second
header is narrower.

5. The heat exchanger as claimed in claim 1, wherein:
the heat exchange pipe comprises a first part con-
nected to the first header and a second part connect-
ed to the second header, the first part being inclined
relative to the second part.

6. The heat exchanger as claimed in claim 5, wherein:
the first part and the second part are formed by bend-
ing at a middle part of the heat exchange pipe.

7. The heat exchanger as claimed in claim 1, wherein:
the heat exchange pipe comprises a first part con-
nected to the first header, a second part connected

to the second header, and a third part located be-
tween the first part and the second part, with the first
part and the second part being inclined relative to
the third part.

8. The heat exchanger as claimed in claim 7, wherein:
an included angle between the first part and the third
part is substantially equal to an included angle be-
tween the second part and the third part.

9. The heat exchanger as claimed in any one of claims
5 to 8, wherein:
the first part is substantially perpendicular to the first
header, and the second part is substantially perpen-
dicular to the second header.

10. The heat exchanger as claimed in any one of claims
1 to 8, wherein:
the first header, the second header and the heat ex-
change pipe are substantially in the same plane.

11. The heat exchanger as claimed in claim 1, wherein:
the heat exchange pipe protrudes to one side of a
plane defined by the first header and the second
header.

12. The heat exchanger as claimed in claim 11, wherein:
the heat exchange pipes have substantially the same
length.

13. The heat exchanger as claimed in claim 11, wherein:
at least a part of the heat exchange pipe in a length
direction has an arcuate shape.

14. The heat exchanger as claimed in claim 1, wherein:
the heat exchange pipes are arranged at substan-
tially identical intervals.

15. The heat exchanger as claimed in claim 1, wherein:
first openings of the first header for inserting ends of
the heat exchange pipes into are arranged at sub-
stantially equal intervals in the axial direction of the
first header, and second openings of the second
header for inserting ends of the heat exchange pipes
into are arranged at substantially equal intervals in
the axial direction of the second header; the intervals
between the first openings of the first header are
substantially identical to the intervals between the
second openings of the second header.

16. The heat exchanger as claimed in claim 1, wherein:

the heat exchange pipes are arranged at sub-
stantially identical intervals;
first openings of the first header for inserting
ends of the heat exchange pipes into are ar-
ranged at substantially equal intervals in the ax-
ial direction of the first header, and second open-
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ings of the second header for inserting ends of
the heat exchange pipes into are arranged at
substantially equal intervals in the axial direction
of the second header;
the intervals between the first openings of the
first header, the intervals between the second
openings of the second header, and the intervals
between the heat exchange pipes are substan-
tially identical.

17. A heat exchanger module, comprising:

the heat exchanger as claimed in claim 1; and
a rectangular heat exchanger connected to the
heat exchanger as claimed in claim 1.

18. An air conditioning system, comprising:
the heat exchanger as claimed in claim 1, or the heat
exchanger module as claimed in claim 17.

Amended claims under Art. 19.1 PCT

1. A heat exchanger, comprising:

a first header and a second header, with an axis
of the first header being inclined relative to an
axis of the second header; and
a heat exchange pipe connected to the first
header and the second header, the heat ex-
change pipe being bent.

2. The heat exchanger as claimed in claim 1, wherein:
the heat exchange pipe has an arcuate shape.

3. The heat exchanger as claimed in claim 1, wherein:
the heat exchange pipe has an arcuate shape, with
the centre of a circle being substantially located at a
point of intersection of the axis of the first header and
the axis of the second header.

4. The heat exchanger as claimed in claim 1, wherein:
the heat exchange pipe has an arcuate shape, with
the centre of a circle being located at a side where
a distance between the first header and the second
header is narrower.

5. The heat exchanger as claimed in claim 1, wherein:
the heat exchange pipe comprises a first part con-
nected to the first header and a second part connect-
ed to the second header, the first part being inclined
relative to the second part.

6. The heat exchanger as claimed in claim 5, wherein:
the first part and the second part are formed by bend-
ing at a middle part of the heat exchange pipe.

7. The heat exchanger as claimed in claim 1, wherein:

the heat exchange pipe comprises a first part con-
nected to the first header, a second part connected
to the second header, and a third part located be-
tween the first part and the second part, with the first
part and the second part being inclined relative to
the third part.

8. The heat exchanger as claimed in claim 7, wherein:
an included angle between the first part and the third
part is substantially equal to an included angle be-
tween the second part and the third part.

9. The heat exchanger as claimed in any one of claims
5 to 8, wherein:
the first part is substantially perpendicular to the first
header, and the second part is substantially perpen-
dicular to the second header.

10. The heat exchanger as claimed in any one of claims
1 to 8, wherein:
the first header, the second header and the heat ex-
change pipe are substantially in the same plane.

11. The heat exchanger as claimed in claim 1, wherein:
the heat exchange pipe protrudes to one side of a
plane defined by the first header and the second
header.

12. The heat exchanger as claimed in claim 11, wherein:
the heat exchange pipes have substantially the same
length.

13. The heat exchanger as claimed in claim 11, wherein:
at least a part of the heat exchange pipe in a length
direction has an arcuate shape.

14. A heat exchanger module, comprising:

the heat exchanger as claimed in claim 1; and
a rectangular heat exchanger connected to the
heat exchanger as claimed in claim 1.

15. An air conditioning system, comprising:
the heat exchanger as claimed in claim 1.
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