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(54) Heat exchanger

(57) A heat exchanger comprises: a first header; a
second header; a plurality of tubes spaced apart from
each other and each connected between the first and
second headers in fluid communication therewith; and a
plurality of fins each disposed between adjacent tubes,
in which the heat exchanger has a bent portion between
the first and second headers such that the heat exchang-
er is divided into first and second heat exchanger portions

which are located at two sides of the bent portion respec-
tively, and a heat transfer coefficient of the second heat
exchanger portion is greater than that of the first heat
exchanger portion. The heat exchanger according to an
embodiment of the present disclosure is bent into a sub-
stantially inverted V-shape, and the capacities at two
sides of the bending position are identical, thus improving
the heat exchange performance.
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Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to a
heat exchanger, more particularly, to a heat exchanger
having a substantially inverted V-shape.

BACKGROUND

[0002] The heat exchanger is widely used in various
fields, such as air conditioners. A conventional heat ex-
changer generally has a flat rectangular shape of so
called parallel flow type. In some application situations,
the heat exchanger should be bent into a substantially
inverted V-shape, thus the heat exchanger is divided into
first and second heat exchanger portions which are lo-
cated at two sides (i.e., the refrigerant inflow side and
the refrigerant outflow side) of the bending portion re-
spectively. Accordingly, each fin is divided into a first fin
portion in the first heat exchanger portion and a second
fin portion in the second heat exchanger portion, and the
first and second fin portions have identical structure and
design.
[0003] In use, the inlet air flows upward from a lower
side of the heat exchanger, exchanges heat with the re-
frigerant in the tubes when passing through the heat ex-
changer, and then flows out from an upper side of the
heat exchanger as the outlet air. The temperature of the
refrigerant is changed along the flow direction in the heat
exchanger. For example, if the heat exchanger is used
as an evaporator, the temperature of the refrigerant in-
creases along the flow direction. Since the structure of
the first and second fin portions at two sides of the bend-
ing portion are identical and the temperatures of the re-
frigerant at two sides of the bending portion are different,
the temperatures of the outlet air at two sides of the bend-
ing portion are different. In other words, the capacity on
the refrigerant inflow side is higher than that on the re-
frigerant outflow side, so that the temperature of the outlet
air on the refrigerant outflow side is higher than that of
the outlet air on the refrigerant inflow side. The difference
of the temperature of the outlet air at two sides of the
bending portion may affect the heat exchange perform-
ance. For example, when the heat exchanger is used in
an air conditioner, the difference of the temperature of
the outlet air on the two sides of the bending portion may
affect the comfortableness. Similarly, when the heat ex-
changer is used as a condenser, the temperatures of the
outlet air at two sides of the bending portion are also
different, thus affecting the heat exchange performance.

SUMMARY

[0004] The present disclosure is directed to a heat ex-
changer bent into a substantially inverted V-shape, in
which the capacities at two sides of a bending portion
are substantially identical, thus improving the heat ex-

change performance.
[0005] According to an embodiment of the present dis-
closure, there is provided a heat exchanger, comprising:
a first header; a second header; a plurality of tubes
spaced apart from each other and each connected be-
tween the first and second headers in fluid communica-
tion therewith; and a plurality of fins each disposed be-
tween adjacent tubes, in which the heat exchanger has
a bent portion between the first and second headers such
that the heat exchanger is divided into first and second
heat exchanger portions which are located at two sides
of the bent portion respectively, and in which a heat trans-
fer coefficient of the second heat exchanger portion is
greater than that of the first heat exchanger portion.
[0006] With the heat exchanger according to the em-
bodiment of the present disclosure, because the heat
transfer coefficient of the second heat exchanger portion
is greater than that of the first heat exchanger portion,
the capacity of the second heat exchanger portion may
be substantially identical with that of the first heat ex-
changer portion, so that the temperature of the outlet air
passing through the second heat exchanger portion may
be substantially identical with that of the outlet air passing
through the first heat exchanger portion, thus improving
the heat exchange performance. For example, when the
heat exchanger is used in the air conditioner, the com-
fortableness is improved.
[0007] In some embodiments, each fin is divided into
a first fin portion in the first heat exchanger portion and
a second fin portion in the second heat exchanger por-
tion, and a heat transfer coefficient of the second fin por-
tions is greater than that of the first fin portions.
[0008] In some embodiments, each of the first and sec-
ond fin portions is formed with louvers, in which a louver
angle of the louvers in each second fin portion is greater
than that of the louvers in each first fin portion.
[0009] In some embodiments, each of the first and sec-
ond fin portions is formed with louvers, in which a louver
length of the louvers in each second fin portion is greater
than that of the louvers in each first fin portion.
[0010] In some embodiments, each of the first and sec-
ond fin portions has a substantially corrugated shape,
and a fin pitch of each second fin portion is smaller than
that of each first fin portion.
[0011] According to embodiments of the present dis-
closure, by forming louvers in the first and second fin
portions respectively and causing at least one of the lou-
ver angle, the louver length and fin pitch of the first pin
portion not identical to a corresponding one of the second
fin portions, the heat transfer coefficient of the first fin
portion may be smaller than that of the second fin portion,
so that the temperature of the outlet air passing through
the second heat exchanger portion may be substantially
identical with that of the outlet air passing through the
first heat exchanger portion, thus improving the heat ex-
change performance and decreasing the cost.
[0012] In some embodiments, the heat exchanger fur-
ther comprises a third header and a fourth header, where-
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in the first header and the third header are connected
and communicated via the first tube portions, and the
second header and the fourth header are connected and
communicated via the second tube portions; in which the
third header and the fourth header are connected and
communicated via a connection pipe; and in which the
bent portion is formed by bending the connection pipe.
[0013] In some embodiments, the heat exchanger is
formed by bending a single heat exchanger of parallel
flow type.
[0014] In some embodiments, no fins are disposed in
the bent portion.
[0015] According to embodiments of the present dis-
closure, the heat exchanger is bent into an invented V-
shape, the bent heat exchanger may be formed by bend-
ing a single complete parallel flow type heat exchanger
such as a flat plate heat exchanger in which both tubes
and fins are bent. Further, in a middle portion of the flat
plate heat exchanger, no fins are disposed in the middle
portion to be bent, that is, only tubes are bent. Therefore,
the heat exchanger is easy to bend and the bending of
the heat exchanger will not disadvantageously affect the
heat exchange performance.
[0016] Alternatively, the bent heat exchanger may be
formed by two separate flat plate heat exchangers, in
which the two flat plate heat exchanger are connected in
series for example by a connection pipe communicating
the outlet header of one flat plate heat exchanger with
the inlet header of the other flat plate heat exchanger,
and the two flat plate heat exchanger form an angle larger
than zero and less than 180 degree for example by bend-
ing the connection pipe. Therefore, the bent heat ex-
changer is easier to manufacture and high in applicability.
[0017] The above summary of the present disclosure
is not intended to describe each disclosed embodiment
or every implementation of the present disclosure. The
Figures and the detailed description which follow more
particularly exemplify illustrative embodiments.
[0018] Additional aspects and advantages of the em-
bodiments of the present disclosure will be given in part
in the following descriptions, become apparent in part
from the following descriptions, or be learned from the
practice of the embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] These and other aspects and advantages of the
disclosure will become apparent and more readily appre-
ciated from the following descriptions taken in conjunc-
tion with the drawings in which:

Fig. 1 is a schematic view of the heat exchanger bent
into an inverted V-shape according to an embodi-
ment of the present disclosure;
Fig. 2 is a schematic view of the heat exchanger bent
into an inverted V-shape according to another em-
bodiment of the present disclosure;
Fig. 3 is a schematic view of the heat exchanger bent

into an inverted V-shape according to still another
embodiment of the present disclosure;
Fig. 4 is a schematic view of a fin of the heat ex-
changer according to an embodiment of the present
disclosure;
Fig. 5 is a schematic view of the first fin portion in
the first heat exchanger portion according to an em-
bodiment of the present disclosure;
Fig. 6 is a schematic view of the second fin portion
in the second heat exchanger portion according to
an embodiment of the present disclosure;
Fig. 7 is a sectional view of the fin taken along line
C-C of Fig. 4, showing the louver angle in the fin of
the heat exchanger;
Fig. 8 is a sectional view of the first fin portion taken
along line C1-C1 of Fig. 5, showing the louver angle
of the louvers in each first fin portion;
Fig. 9 is a sectional view of the second fin portion
taken along line C2-C2 of Fig. 6, showing the louver
angle of the louvers in each second fin portion;
Fig. 10 is a schematic view of the second fin portion
in the second heat exchanger portion of the heat
exchanger according to an embodiment of the
present disclosure, showing the fin pitch in each sec-
ond fin portion; and
Fig. 11 is a schematic view of the first fin portion in
the first heat exchanger portion of the heat exchang-
er according to an embodiment of the present dis-
closure, showing the fin pitch in each first fin portion.

DETAILED DESCRIPTION

[0020] Reference will be made in detail to embodi-
ments of the present disclosure. The embodiments de-
scribed herein with reference to the accompany drawings
are explanatory and illustrative, which are used to gen-
erally understand the present disclosure. The embodi-
ments shall not be construed to limit the present disclo-
sure. The same or similar elements and the elements
having same or similar functions are denoted by like ref-
erence numerals throughout the descriptions.
[0021] It is to be understood that phraseology and ter-
minology used herein with reference to device or element
orientation (such as, for example, terms like "longitudi-
nal", "lateral", "front", "rear", "right", "left", "lower", "up-
per", "horizontal", "vertical", "above", "below", "up", "top",
"bottom" as well as derivative thereof such as "horizon-
tally", "downwardly", "upwardly", etc.) are only used to
simplify description of the present invention, and do not
alone indicate or imply that the device or element referred
to must have or operated in a particular orientation. In
addition, terms such as "first" and "second" are used
herein for purposes of description and are not intended
to indicate or imply relative importance or significance.
[0022] Unless specified or limited otherwise, the terms
"connected," and "coupled" and variations thereof are
used broadly and encompass both direct and indirect
mountings, connections, supports, and couplings.
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[0023] The heat exchanger according to an embodi-
ment of the present disclosure will be described in detail
with reference to the drawings.
[0024] In the embodiments described below, as an ex-
ample, the heat exchanger is used as an evaporator in
an air conditioner. It will be appreciated that the heat ex-
changer according to embodiments of the present dis-
closure is not limited to this, for example, the heat ex-
changer may be also used as a condenser, and may be
also used in other equipments such as a refrigerator.
[0025] Now, the heat exchanger according to an em-
bodiment of the present disclosure will be described with
reference to Fig. 1. As shown in Fig. 1, the heat exchanger
comprises a first header 1, a second header 2, a plurality
of tubes 3 such as flat tubes, and a plurality of fins 4.
[0026] The tubes 3 are arranged and spaced apart
from each other in a direction parallel to the axial direction
of the first and second headers 1 and 2. Two ends of
each tube 3 are connected to the first header 1 and sec-
ond header 2 respectively in fluid communication with
the first header 1 and second header 2. The plurality of
fins 4 are each disposed between adjacent tubes 3, and
the fins 4 and the tubes 3 form the core of the heat ex-
changer.
[0027] As described above, the heat exchanger may
be used as the evaporator in an air conditioner, for ex-
ample, the first header 1 is used as an inlet header, the
second header 2 is used as an outlet header, the refrig-
erant flows from the first header 1 to the second header
2 in the tubes 3, and the temperature of the refrigerant
is increased from the first header 1 to the second header
2 in the tubes 3.
[0028] As shown in Fig. 1, the heat exchanger is
formed by bending a single heat exchanger of parallel
flow type between the inlet header 1 and the outlet header
2 into a substantially inverted V-shape. In other words,
the heat exchanger has a bent portion between the first
header 1 and second header 2.
[0029] The refrigerant flows from the first header 1 to
the second header 2, the temperature of the refrigerant
increases from the first header 1 to the second header 2
in the tubes 3, and a length direction of a folding line of
the bent portion is consistent with a width direction (the
direction perpendicular to the paper in Fig.1) of the core
of the heat exchanger. The heat exchanger is divided by
the bent portion into first heat exchanger portion 100 and
second heat exchanger portion 200 which are located at
the right side and the left side in Fig. 1 (a refrigerant inflow
side and a refrigerant outflow side, i.e.,) of the bent por-
tion respectively. In this embodiment, since the heat ex-
changer is formed by bending a signal complete heat
exchanger of parallel flow type, each fin 4 is divided into
a first fin portion 4a in the first heat exchanger portion
100 and a second fin portion 4b in the second heat ex-
changer portion 200, and each tube 3 is divided into a
first tube portion 3a in the first heat exchanger portion
100 and a second tube portion 3b in the second heat
exchanger portion 200.

[0030] The second fin portion 4b is disposed between
adjacent second tube portions 3b and the first fin portion
4a is disposed between adjacent first tube portions 3a.
[0031] According to the embodiment of the present dis-
closure, a heat transfer coefficient of the second heat
exchanger portion 200 is greater than that of the first heat
exchanger portion 100. Therefore, the capacity of the
second heat exchanger portion 200 is substantially iden-
tical with that of the first heat exchanger portion 100, so
that the temperature t2 of the outlet air A2 at the left side
in Fig. 1 may be substantially identical with the temper-
ature t1 of the outlet air A1 at the right side in Fig 1, thus
improving the heat exchange performance, and thereby,
for example, improving the comfortableness of an air con-
ditioner.
[0032] More particularly, as shown in Fig. 1, the inlet
air A having a temperature of t flows upward from a lower
side of the heat exchanger, exchanges heat with the re-
frigerants in the first tube portion 3a and the second tube
portion 3b respectively when passing through the first
heat exchanger portion 100 and the second heat ex-
changer portion 200, and then flows out from the upper
sides of the first heat exchanger portion 100 and the sec-
ond heat exchanger portion 200, in which the outlet air
A1 flowing out from the upper side of the first heat ex-
changer portion 100 has a temperature of t1 and the out-
let air A2 flowing out from the upper side of the second
heat exchanger portion 200 has a temperature of t2.
[0033] The capacity of the first heat exchanger portion
100 may be calculated by the following formula: 

in which c is the specific heat of air, m is the air flow rate,
t is the temperature of the inlet air A, and t1 is the tem-
perature of the outlet air A1 at the right side in Fig. 1.
[0034] Similarly, the capacity of the second heat ex-
changer portion 200 may be calculated by the following
formula: 

in which c is the specific heat of air, m is the air flow rate,
t is the temperature of the inlet air A, and t2 is the tem-
perature of the outlet air A2 at the left side in Fig. 1.
[0035] It is known from the above that the temperature
t2 of the outlet air A2 may be substantially identical with
the temperature t1 of the right outlet air A1 if Q1 is equal
to Q2.
[0036] As described above, the temperature of the re-
frigerant increases from the right side of the heat ex-
changer to the left side thereof, as shown in Fig. 1, the
refrigerant flows in a direction denoted by an arrow B1
in the first heat exchanger portion 100 and flows in a
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direction denoted by an arrow B2 in the second heat ex-
changer portion 200. Therefore, if the structure and the
design of the first fin portion 4a are identical with those
of the second fin portion 4b, Q1 will be greater than Q2.
[0037] According to embodiments of the present dis-
closure, the heat transfer coefficient of the second heat
exchanger portion 200 is increased, thus increasing the
capacity of the second heat exchanger portion 200, so
that Q1 may be substantially equal to Q2. Therefore, the
temperature t2 of the outlet air A2 may be identical with
the temperature t1 of the outlet air A1, thus improving
the heat exchange performance.
[0038] As described above, in the embodiment shown
in Fig. 1, the heat exchanger is formed by bending a
single heat exchanger of parallel flow type, that is, the
heat exchanger is formed by bending the core of a heat
exchanger of parallel flow type. In an embodiment of the
present disclosure, the first heat exchanger portion 100
and the second heat exchanger portion 200 are symmet-
rical with respect to the folding line.
[0039] In some embodiments, the heat transfer coef-
ficient of the second fin portions 4b is greater than that
of the first fin portions 4a, that is, the capacity of the sec-
ond heat exchanger portion 200 is increased by increas-
ing the heat transfer coefficient of the second fin portions
4b.
[0040] Fig. 2 is a schematic view of the inverted V-
shaped heat exchanger according to another embodi-
ment of the present disclosure. In the embodiment shown
in Fig. 2, the heat exchanger is formed by bending a
single heat exchanger of parallel flow type, in which no
fins are disposed between adjacent tubes 3 in the bent
portion so as to facilitate the bending of the heat exchang-
er. The heat transfer coefficient of the second fin portions
4b is greater than that of the first fin portions 4a, so that
the temperature t2 of the outlet air A2 may be substan-
tially equal to the temperature t1 of the outlet air A1, thus
improving the heat exchange performance. According to
the embodiment shown in Fig. 2, because there are no
fins in the bent portion, the heat exchanger is much easier
to bend without influencing the heat exchange perform-
ance.
[0041] Fig. 3 is a schematic view of the inverted V-
shaped heat exchanger according to still another embod-
iment of the present disclosure. As shown in Fig. 3, the
first heat exchanger portion 100 is a single complete heat
exchanger and the second heat exchanger portion 200
is also a single complete heat exchanger. In this embod-
iment, the heat exchanger further comprises a third head-
er 5a (i.e., an outlet header of the first heat exchanger
portion 100) and a fourth header 5b (i.e., an inlet header
of the second heat exchanger portion 200). The first
header 1 and the third header 5a are connected and com-
municated by the plurality of first tube portions 3a, and
each first fin portion 4a is disposed between adjacent
first tube portions 3a. The second header 2 and the fourth
header 5b are connected and communicated by the plu-
rality of second tube portions 3b, and each second fin

portion 4b is disposed between adjacent second tube
portions 3b. The third header 5a and the fourth header
5b are connected and communicated by a connection
pipe 6. The bent portion is formed by bending the con-
nection pipe 6. In some embodiments of the present dis-
closure, the first heat exchanger portion 100 and the sec-
ond heat exchanger portion 200 are symmetrical. In other
words, the inverted V-shaped heat exchanger in Fig. 3
is formed by two separate heat exchangers of parallel
flow type such as flat plate heat exchanger.
The heat transfer coefficient of the second fin portions
4b is greater than that of the first fin portions 4a, so that
the temperature t2 of the outlet air A2 may be substan-
tially equal to the temperature t1 of the outlet air A1, thus
improving the heat exchange performance. According to
the embodiment shown in Fig. 3, because the bent por-
tion is formed by bending the connection pipe 6, the heat
exchanger is much easier to manufacture without influ-
encing the heat exchange performance.
[0042] Fig. 4 and Fig. 7 show a fin 4 of the heat ex-
changer according to embodiments of the present dis-
closure. As shown in Fig. 4 and Fig. 7, each fin 4 is com-
prised of a series of corrugations, each of which, in turn,
is comprised of a pair of adjacent fin walls 42, joined at
a crest 43. Each fin wall 42 is formed with a plurality of
louvers 41, each louver 41 may be formed by cutting and
bending a certain portion of the fin wall 42 so as to form
a vane 411 and an opening 412. The louver angle indi-
cated at α is the angle of each vane 411 inclined relative
to the general plane of the fin wall 42 of the fin 4. The fin
pitch indicated at "FP" is a spacing (a distance in the up
and down direction in Fig. 4) between two adjacent crests
43. Louver length is indicated at Lh.
[0043] Accordingly, as shown in Figs. 5-6, 8-11, for
convenience of description, the fin wall, the crest and the
louver of the first fin portion 4a are indicated at 42a, 43a,
and 41a respectively, and the fin wall, the crest and the
louver of the second fin portion 4b are indicated at 42b,
43b, and 41b respectively. Further, the vane and the
opening of the first fin portion 4a are indicated at 411 a
and 412a respectively and the vane and the opening of
the second fin portion 4b are indicated at 411b and 412b
respectively. In addition, the fin pitches of the first fin por-
tion 4a and second fin portion 4b are indicated at FP1
and FP2 respectively.
[0044] As shown in Figs. 5-6 and 10-11, in some em-
bodiments of the present disclosure, in order to make the
heat transfer coefficient of the second fin portions 4b
greater than that of the first fin portions 4a, the fin pitch
FP2 of each second fin portion 4b is smaller than the fin
pitch FP 1 of each first fin portion 4a.
[0045] In some embodiments of the present disclo-
sure, as shown in Figs. 5-6 and 8-9, in order to make the
heat transfer coefficient of the second fin portions 4b
greater than that of the first fin portions 4a, the louver
angle α2 of each second fin portion 4b is greater than
the louver angle α1 of each first fin portion 4a.
[0046] In some embodiments of the present disclo-
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sure, as shown in Figs. 5-6, in order to make the heat
transfer coefficient of the second fin portion 4b greater
than that of the first fin portion 4a, the louver length Lh2
of each second fin portion 4b is greater than the louver
length Lh 1 of each first fin portion 4a.
[0047] With the above embodiments, by causing at
least one of the louver angle, the louver length and fin
pitch of the first pin portion not identical to a correspond-
ing one of the second fin portions, the heat transfer co-
efficient of the second heat exchanger portion is in-
creased. It will be appreciated that the present disclosure
is not limited to this.
[0048] With the inverted V-shaped heat exchanger ac-
cording to embodiments of the present disclosure, since
the heat transfer coefficient of the second fin portions is
different from that of the first fin portions, the capacity of
the second heat exchanger portion may be substantially
identical with that of the first heat exchanger portion, so
that the temperature of the outlet air at the left side may
be substantially identical with that of the outlet air at the
right side. In other words, the heat transfer coefficient of
the second fin portions located at a side where the tem-
perature of the refrigerant is higher is greater than that
of the first fin portion located at another side where the
temperature of the refrigerant is lower, thus improving
the heat exchange performance such as the comforta-
bleness of an air conditioner.
[0049] Reference throughout this specification to "an
embodiment", "some embodiments", "one embodiment",
"an example", "a specific examples", or "some examples"
means that a particular feature, structure, material, or
characteristic described in connection with the embodi-
ment or example is included in at least one embodiment
or example of the disclosure. Thus, the appearances of
the phrases such as "in some embodiments", "in one
embodiment", "in an embodiment", "an example", "a spe-
cific example", or "some examples" in various places
throughout this specification are not necessarily referring
to the same embodiment or example of the disclosure.
Furthermore, the particular features, structures, materi-
als, or characteristics may be combined in any suitable
manner in one or more embodiments or examples.
[0050] Although explanatory embodiments have been
shown and described, it would be appreciated by those
skilled in the art that changes, alternatives, and modifi-
cations all falling into the scope of the claims and their
equivalents may be made in the embodiments without
departing from spirit and principles of the disclosure.

Claims

1. A heat exchanger, comprising:

a first header;
a second header;
a plurality of tubes spaced apart from each other
and each connected between the first and sec-

ond headers in fluid communication therewith;
and
a plurality of fins each disposed between adja-
cent tubes,
wherein the heat exchanger has a bent portion
between the first and second headers such that
the heat exchanger is divided into first and sec-
ond heat exchanger portions which are located
at two sides of the bent portion respectively, and
wherein a heat transfer coefficient of the second
heat exchanger portion is greater than that of
the first heat exchanger portion.

2. The heat exchanger according to claim 1, wherein
each fin is divided into a first fin portion in the first
heat exchanger portion and a second fin portion in
the second heat exchanger portion, and a heat trans-
fer coefficient of the second fin portions is greater
than that of the first fin portions.

3. The heat exchanger according to claim 2, wherein
each of the first and second fin portions is formed
with louvers, in which a louver angle of the louvers
in each second fin portion is greater than that of the
louvers in each first fin portion.

4. The heat exchanger according to claim 2 or 3, where-
in each of the first and second fin portions is formed
with louvers, in which a louver length of the louvers
in each second fin portion is greater than that of the
louvers in each first fin portion.

5. The heat exchanger according to any one of claims
2-4, wherein each of the first and second fin portions
has a substantially corrugated shape, and a fin pitch
of each second fin portion is smaller than that of each
first fin portion.

6. The heat exchanger according to any one of claims
1-5, further comprising a third header and a fourth
header,
wherein the first header and the third header are con-
nected and communicated via the first tube portions,
and the second header and the fourth header are
connected and communicated via the second tube
portions;
wherein the third header and the fourth header are
connected and communicated via a connection pipe;
and
wherein the bent portion is formed by bending the
connection pipe.

7. The heat exchanger according to claim 1, wherein
the heat exchanger is formed by bending a single
heat exchanger of parallel flow type.

8. The heat exchanger according to claim 7, wherein
no fins are disposed in the bent portion.
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