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(54) Air conditioner and outdoor unit thereof

(57) An air conditioner includes a compressor, a first
heat exchanger connected to the compressor through a
first connection pipe, a second heat exchanger connect-
ed to the first heat exchanger through a second connec-
tion pipe and adapted to discharge super-cooled refrig-
erant through a third connection pipe, and a blower to
blow air toward the first heat exchanger and the second
heat exchanger. The first heat exchanger includes a first
header in communication with the first connection pipe
for introduction of the refrigerant, a plurality of tubes each
having one end in communication with the first header
and the other opposite end, and a second header in com-
munication with the other end of each of the plurality of
tubes. The second heat exchanger includes a heat ex-
change pipe that is bent plural times between the second
connection pipe and the third connection pipe.
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Description

BACKGROUND

1. Field

[0001] Embodiments relate to an air conditioner having
a refrigeration cycle system.

2. Description of the Related Art

[0002] An air conditioner is an apparatus to control,
e.g., the temperature or humidity of air through transfer
of heat generated during evaporation or condensation of
a refrigerant.
[0003] Generally, a refrigeration cycle system of an air
conditioner includes a compressor, a condenser, an ex-
pander, an evaporator, and pipes connecting the above
mentioned elements to one another. In circulation of a
refrigerant through the pipes, the refrigerant is com-
pressed to a high pressure by the compressor and then,
is introduced into the condenser. The refrigerant is con-
densed via heat emission while passing through the con-
denser. The condensed refrigerant is introduced into the
expander so as to be expanded to a low-temperature and
low-pressure refrigerant. As the expanded liquid-phase
refrigerant is introduced into the expander, the refrigerant
is evaporated upon receiving heat from the surrounding
air while passing through the evaporator.
[0004] The performance of the air conditioner may be
estimated in terms of cooling/heating capability and en-
ergy efficiency. To enhance the cooling/heating capabil-
ity and energy efficiency of the air conditioner, it may be
necessary to increase heat transfer ability and efficiency
of the condenser.

SUMMARY

[0005] Therefore, it is an aspect to provide an air con-
ditioner having an improved refrigeration cycle system
to enhance air-conditioning performance and an outdoor
unit thereof.
[0006] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the invention.
[0007] In accordance with one aspect, an air condition-
er includes a compressor to compress a refrigerant, a
first heat exchanger arranged to undergo heat exchange
with the surrounding air and connected to the compressor
through a first connection pipe so as to condense the
gas-phase refrigerant compressed by the compressor, a
second heat exchanger arranged to undergo heat ex-
change with the surrounding air and connected to the
first heat exchanger through a second connection pipe
so as to super-cool the refrigerant condensed by the first
heat exchanger, the super-cooled refrigerant being dis-
charged through a third connection pipe, and a blower

arranged to generate air flow toward the first heat ex-
changer and the second heat exchanger, wherein the
first heat exchanger includes a first header in communi-
cation with the first connection pipe for introduction of the
refrigerant, a plurality of tubes each having one end in
communication with the first header, and a second head-
er in communication with the other end of each of the
plurality of tubes, and wherein the second heat exchang-
er includes a heat exchange pipe that is bent plural times
between the second connection pipe and the third con-
nection pipe.
[0008] The second heat exchanger may be arranged
upstream of the first heat exchanger in a blowing direction
of the blower.
[0009] The first heat exchanger may include a plurality
of baffles arranged in the first header and the second
header to divide the plurality of tubes into a plurality of
groups, each of the groups may include the plurality of
tubes, and the refrigerant of the first heat exchanger may
flow in the same direction through the tubes of the same
group.
[0010] Some of the plurality of groups arranged down-
stream in a refrigerant flow direction may include a lower
number of tubes than others arranged upstream in the
refrigerant flow direction.
[0011] The second connection pipe may be connected
to the first header at one side of the first heat exchanger,
and may be connected to the second heat exchanger at
one side of the second heat exchanger corresponding to
the side of the first heat exchanger.
[0012] The first heat exchanger may include a first heat
exchange region defined between the first header and
the second header, the second heat exchanger may in-
clude a first bent portion and a second bent portion ar-
ranged at opposite sides, and a second heat exchange
region defined between the first bent portion and the sec-
ond bent portion, and the first heat exchange region and
the second heat exchange region may overlap each oth-
er.
[0013] The first heat exchange region and the second
heat exchange region may have the same shape.
[0014] A distance between the first bent portion and
the second bent portion of the second heat exchanger
may be substantially equal to a distance between the first
header and the second header of the first heat exchang-
er.
[0015] A height of the first heat exchange region may
be substantially equal to a height of the second heat ex-
change region.
[0016] In accordance with another aspect, an outdoor
unit of an air conditioner includes a compressor to com-
press a refrigerant, a first heat exchanger connected to
the compressor so as to condense the gas-phase refrig-
erant compressed by the compressor and including a
first header, a second header and a plurality of tubes
arranged between the first header and the second header
to define a first heat exchange region, a second heat
exchanger connected to the first heat exchanger so as
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to super-cool the refrigerant condensed by the first heat
exchanger and including a heat exchange pipe that is
bent plural times to define a second heat exchange re-
gion, and a blower arranged to generate air flow passing
through the first heat exchanger and the second heat
exchanger, wherein the first heat exchanger and the sec-
ond heat exchanger are arranged parallel to each other
in a blowing direction of the blower.
[0017] The blower may include an axial flow fan, and
the second heat exchanger, the first heat exchanger and
the axial flow fan may be arranged sequentially in the
blowing direction.
[0018] The first heat exchange region and the second
heat exchange region may have substantially the same
shape and size.
[0019] The first heat exchanger may include a plurality
of baffles arranged in the first header and the second
header to divide the plurality of tubes into a plurality of
groups, each of the groups may include the plurality of
tubes, and the refrigerant of the first heat exchanger may
flow in the same given direction when passing through
the tubes of the same group, and may flow in different
directions when passing through the tubes of the neigh-
boring two groups.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings of which:

FIG. 1 is a view schematically illustrating an air con-
ditioner according to an embodiment;
FIG. 2 is a perspective view illustrating an outdoor
unit of the air conditioner according to an embodi-
ment;
FIG. 3 is a perspective view illustrating a fan, a first
heat exchanger and a second heat exchanger in-
cluded in the outdoor unit of the air conditioner ac-
cording to an embodiment;
FIG. 4 is a front view of the first heat exchanger; and
FIG. 5 is a front view of the second heat exchanger.

DETAILED DESCRIPTION

[0021] Reference will now be made in detail to the em-
bodiments, examples of which are illustrated in the ac-
companying drawings, wherein like reference numerals
refer to like elements throughout. FIG. 1 is a view sche-
matically illustrating an air conditioner according to an
embodiment, and FIG. 2 is a perspective view illustrating
an outdoor unit of the air conditioner according to an em-
bodiment.
[0022] As shown in FIG. 1, the air conditioner 1 in-
cludes an indoor unit 2 and an outdoor unit 3. Constituent
elements of a refrigeration cycle system are mounted in
the indoor unit 2 and the outdoor unit 3. These constituent

elements are connected to one another via a refrigerant
line 4.
[0023] The indoor unit 2 is arranged in an indoor space
of a building to cool or heat indoor air. The outdoor unit
3 is arranged outdoors to enable heat exchange between
a refrigerant circulating through the refrigerant line 4 and
outdoor air. The indoor unit 2 and the outdoor unit 3 may
be separated from or integrated with each other.
[0024] In one example in which an indoor unit functions
as a cooler, the indoor unit 2 includes an evaporator 10.
As a fan 14 is driven by a motor 12, indoor air is fed
toward the evaporator 10. A refrigerant passing through
the evaporator 10 is evaporated by absorbing heat from
the indoor air fed by the fan 14, and the high-temperature
indoor air is cooled and is discharged into an indoor
space.
[0025] The outdoor unit 3 includes a compressor 20,
a first heat exchanger 40, a second heat exchanger 60,
and a blower 80.
[0026] The compressor 20 is connected to the evapo-
rator 10 via a refrigerant pipe 4a and compresses the
evaporated refrigerant from the evaporator 10, generat-
ing a high-temperature and high-pressure refrigerant.
[0027] The first exchanger 40 is arranged to undergo
heat exchange with the surrounding air and is connected
to the compressor 20 via a first connection pipe 4b. The
compressed gas-phase refrigerant generated in the com-
pressor 20 is introduced into the first heat exchanger 40
and is condensed by emitting heat to the surrounding air
while passing through the first heat exchanger 40.
[0028] The second heat exchanger 60 is connected to
the first heat exchanger 40 via a second connection pipe
4c. The second heat exchanger 60 undergoes heat ex-
change with the surrounding air, to super-cool the refrig-
erant condensed by the first heat exchanger 40.
[0029] When the refrigerant is condensed and cooled
by the sequentially arranged first and second heat ex-
changers 40 and 60, the air conditioner 1 may achieve
enhanced refrigerant super-cooling performance and
thus, enhanced cooling capability thereof. In addition,
since the second heat exchanger 60 has an interior space
to accommodate a liquid-phase refrigerant therein, the
refrigerant line 4 may be filled with a great quantity of
refrigerant. This may enhance the cooling capability of
the air conditioner 1 and the super-cooling efficiency of
the refrigerant without a significant increase in conden-
sation pressure or evaporation pressure of the refriger-
ant.
[0030] The blower 80 generates air flow toward the
first heat exchanger 40 and the second heat exchanger
60 as a fan 84 is rotated by a motor 82. The second heat
exchanger 60 may be arranged upstream of the first heat
exchanger 40 in a blowing direction F of the blower 80.
[0031] The above described configuration raises the
overall efficiency of the first heat exchanger 40 and the
second heat exchanger 60. Specifically, since the refrig-
erant inside the second heat exchanger 60 has a lower
temperature than that of the refrigerant inside the first
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heat exchanger 40, it may be possible to raise the effi-
ciency of the second heat exchanger 60 when the second
heat exchanger 60 first undergoes heat exchange with
the blown air. Also, even if a temperature of the blown
air increases due to heat transferred from the second
heat exchanger 60, the refrigerant inside the first heat
exchanger 40 having a relatively higher temperature may
efficiently undergo heat exchange with the increased
temperature of air.
[0032] The super-cooled refrigerant, having passed
through the second heat exchanger 60, is discharged
from the second heat exchanger 60 through a third con-
nection pipe 4d. The discharged super-cooled refrigerant
is introduced into the expander 100 thus being lowered
in pressure and then, is fed into the evaporator 10 through
a refrigerant pipe 4e.
[0033] Although FIG. 1 illustrates the expander 100
provided in the outdoor unit 3, the expander 100 may be
provided in the indoor unit 2.
[0034] As shown in FIG. 2, the outdoor unit 3 includes
a box-shaped case 120. The case 120 is formed by cou-
pling a front plate 122, a rear plate 124, both lateral plates
126 and 128, a top plate 130 and a bottom plate 132.
The rear plate 124 and one lateral plate 126 may be
formed of a single right-angled panel. The rear plate 124
has a suction grill 125 for suction of outdoor air.
[0035] The other lateral plate 128 has an opening (not
shown) for passage of the refrigerant pipes and electric
wires for power supply. A cover 134 is coupled to the
opening.
[0036] The front plate 122 has a discharge hole 123
to discharge air out of the case 120. A fan guard 136 is
coupled to the discharge hole 123 to prevent external
impurities from entering the outdoor unit 3.
[0037] The compressor 20, the first heat exchanger
40, the second heat exchanger 60 and the blower 80 are
arranged inside the case 120.
[0038] The blower 80 may include the axial flow fan 84
and the motor 82 to drive the axial flow fan 84. The blower
80 is fixed to a supporting member 86 and in turn, upper
and lower ends of the supporting member 86 are coupled
respectively to the top plate 130 and the bottom plate
132 so as to be coupled to the case 120.
[0039] The axial flow fan 84 includes a hub 84a coupled
to a rotating shaft of the motor 82, and blades 84b ex-
tending from the hub 84a in a radial direction and ar-
ranged in a circumferential direction of the hub 84a. When
the axial flow fan 84 is rotated by the motor 82, an air
stream in an axial direction F is generated.
[0040] A partition 138 is used to separate a space for
installation of the compressor 20 from a space for instal-
lation of the axial flow fan 84. An electric box 140, in which
a variety of electric elements are accommodated, is ar-
ranged in an upper region of the space for installation of
the compressor 20.
[0041] The first heat exchanger 40 and the second
heat exchanger 60 are arranged between the suction grill
125 and the axial flown fan 84 in the blowing direction F

of the blower 80. Outdoor air suctioned through the suc-
tion grill 125 absorbs heat from the first heat exchanger
40 and the second heat exchanger 60 thus acting to cool
the refrigerant and then, is discharged out of the case
120 through the discharge hole 123.
[0042] FIG. 3 is a perspective view illustrating a fan, a
first heat exchanger and a second heat exchanger in-
cluded in the outdoor unit of the air conditioner according
to an embodiment, FIG. 4 is a front view of the first heat
exchanger, and FIG. 5 is a front view of the second heat
exchanger.
[0043] As shown in FIGS. 3 and 4, the first heat ex-
changer 40 is a so-called parallel flow heat exchanger.
The first heat exchanger 40 includes a first header 42
and a second header 44 each defining a space therein,
and a plurality of tubes 46 connecting the first header 42
and the second header 44 to each other. The first header
42, the second header 44 and the tubes 46 may be made
of aluminum materials having superior heat transfer char-
acteristics.
[0044] The first header 42 and the second header 44
extend vertically and are horizontally spaced apart from
each other by a predetermined distance on the drawing.
The first connection pipe 4b and the second connection
pipe 4c are connected respectively to upper and lower
positions of the first header 42. The positions of the first
connection pipe 4b and the second connection pipe 4c
may be reversed.
[0045] The high-temperature and high-pressure refrig-
erant compressed in the compressor 20 is introduced
into the first heat exchanger 40 through the first connec-
tion pipe 4b. Also, the condensed refrigerant having
passed through the first heat exchanger 40 is fed into the
second heat exchanger 60 through the second connec-
tion pipe 4c.
[0046] One end of each of the tubes 46 is in commu-
nication with the first header 42, and the other opposite
end of each of the tubes 46 is in communication with the
second header 44. Air paths 48 are defined between the
respective tubes 46 to enable air passage.
[0047] The first heat exchanger 40 has a first heat ex-
change region 50 in which the refrigerant inside the first
heat exchanger 40 undergoes heat exchange with the
air stream. The first heat exchange region 50 may be
defined between the first header 42 and the second head-
er 44 in consideration of the fact that most heat exchange
occurs in the air paths 48 and the tubes 46 located be-
tween the first header 42 and the second header 44.
[0048] Fins 52 to facilitate heat exchange are arranged
in the air paths 48. The fins 52 may be made of aluminum
materials, and may be soldered to the neighboring tubes
46. Although FIG. 4 illustrates waveform-shaped fins 52
extending between the first header 42 and the second
header 44, the shape of the fins 52 may be changed.
[0049] Baffles 54a, 54b and 54c are arranged in the
first header 42 and the second header 44. The baffles
54a, 54b and 54c divide the tubes 46 of the first heat
exchanger 40 into a plurality of groups. A first group G1
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is divided by the baffle 54a arranged upstream in a re-
frigerant flow direction inside the first header 42. A sec-
ond group G2 is defined between the baffle 54a and the
baffle 54b arranged in the second header 44. A third
group G3 is defined between the baffle 54b inside the
second header 44 and the baffle 54c arranged down-
stream of the first header 42. A fourth group G4 is divided
by the baffle 54c arranged downstream of the first header
42.
[0050] When the refrigerant passes through the first
heat exchanger 40, the refrigerant flows in the same giv-
en direction when passing through the tubes of the same
group, but flows in different directions when passing
through the tubes of the neighboring two groups.
[0051] More specifically, the high-temperature and
high-pressure refrigerant, introduced into the first header
42 through the first connection pipe 4b, undergoes heat
exchange with the surrounding air while flowing to the
second header 44 through the tubes 46 of the first group
G1. The refrigerant, having passed through the tubes 46
of the first group G1, is merged into the second header
44 and thereafter, is distributed into the tubes 46 of the
second group G2. The distributed refrigerant undergoes
heat exchange with the surrounding air while flowing to
the first header 44 through the tubes 46 of the second
group G2. Thereafter, the refrigerant flows to the second
header 44 through the tubes 46 of the third group G3 and
returns to the first header 42 through the tubes 46 of the
fourth group G4, thereby being discharged through the
second connection pipe 4c.
[0052] Of the first to fourth groups G1, G2, G3 and G4,
some of the groups arranged farther downstream than
the other groups in the refrigerant flow direction may in-
clude a lower number of the tubes 46 than the other up-
stream groups. FIG. 4 illustrates an embodiment in which
the first to fourth groups G1, G2, G3 and G4 include 6,
5, 3 and 2 tubes respectively.
[0053] The high-temperature and high-pressure refrig-
erant present upstream of the first heat exchanger 40
shows a relatively faster flow rate, whereas the con-
densed refrigerant present downstream of the first heat
exchanger 40 shows a relatively slower flow rate. Ac-
cordingly, when the refrigerant flows through a great
number of tubes upstream of the first heat exchanger 40,
heat exchange ability and efficiency may be enhanced.
[0054] Although FIG. 4 illustrates an embodiment in
which the three baffles 54a, 54b and 54c divide the tubes
into the four groups G1, G2, G3 and G4, the number of
the baffles may be changed according to the number of
groups to be divided.
[0055] The refrigerant introduced into the second heat
exchanger 60 through the second connection pipe 4c is
super-cooled while passing through the second heat ex-
changer 60, and is discharged out of the second heat
exchanger 60 through the third connection pipe 4d.
[0056] As shown in FIGS. 3 and 5, the second heat
exchanger 60 includes a serpentine heat exchange pipe
62 that is bent plural times between the second connec-

tion pipe 4c and the third connection pipe 4d. The heat
exchange pipe 62 has a first bent portion 64 and a second
bent portion 66 arranged at opposite sides.
[0057] The refrigerant having passed through the first
bent portion 64 flows to the second bent portion 66, and
the flow direction of the refrigerant is reversed at the sec-
ond bent portion 66. The refrigerant having passed
through the second bent portion 66 flows to the first bent
portion 64 and the flow direction of the refrigerant is again
reversed at the first bent portion 64 so as to flow to the
second bent portion 66.
[0058] The second heat exchanger 60 has a second
heat exchange region 70 in which the refrigerant inside
the second heat exchanger 60 undergoes heat exchange
with the air stream. The second heat exchange region
70 may be defined between the first bent portion 64 and
the second bent portion 66 in consideration of the fact
that most heat exchange occurs in the heat exchange
pipe 62 between the first bent portion 64 and the second
bent portion 66.
[0059] Fins 68 to facilitate heat exchange are coupled
to the heat exchange pipe 62. The fins 68 may be press-
fitted into the heat exchange pipe 62. The fins 68 are
made of thin metal plates having superior heat transfer
characteristics and may be arranged between the first
bent portion 64 and the second bent portion 66.
[0060] As shown in FIG. 3, the second heat exchanger
60, the first heat exchanger 40 and the axial flow fan 84
are arranged sequentially in the blowing direction F. To
allow the air blown by the axial flow fan 84 to pass through
the second heat exchanger 60 and the first heat exchang-
er 40 in sequence, the first heat exchange region 50 of
the first heat exchanger 40 and the second heat ex-
change region 70 of the second heat exchanger 60 may
overlap each other. This arrangement may provide the
outdoor unit 3 with compactness and the second heat
exchanger 60 with enhanced efficiency, causing en-
hanced super-cooling performance and cooling capabil-
ity of the air conditioner 1.
[0061] As shown in FIGS. 4 and 5, the first heat ex-
change region 50 and the second heat exchange region
70 may have substantially the same shape and size. A
distance D1 between the first header 42 and the second
header 44 of the first heat exchanger 40 may be sub-
stantially equal to a distance D2 between the first bent
portion 64 and the second bent portion 66 of the second
heat exchanger 60. Also, a distance H1 between the up-
permost and lowermost tubes of the first heat exchanger
40 (i.e. a height of the first heat exchange region 50) may
be substantially equal to a distance H2 between upper
and lower ends of the heat exchange pipe 62 of the sec-
ond heat exchanger 60 (i.e. a height of the second heat
exchange region 70).
[0062] In the meantime, as shown in FIG. 2, the second
connection pipe 4c may be connected to the first header
42 at one side of the first heat exchanger 40 and also,
may be connected to the second heat exchanger 60 at
one side of the second heat exchanger 60 corresponding
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to the side of the first heat exchanger 40. This configu-
ration simplifies piping between the first heat exchanger
40 and the second heat exchanger 60, realizing com-
pactness of the outdoor unit 3.
[0063] As apparent from the above description, the air
conditioner according to the embodiment having the
above described configuration may exhibit enhanced ca-
pability and efficiency, resulting in excellent performance
without using a large size outdoor unit.
[0064] Although a few embodiments have been shown
and described, it would be appreciated by those skilled
in the art that changes may be made in these embodi-
ments without departing from the principles and spirit of
the invention, the scope of which is defined in the claims
and their equivalents.

Claims

1. An air conditioner, comprising:

a compressor configured to compress a refrig-
erant;
a first heat exchanger arranged to exchange
heat with the surrounding air and
connected to the compressor through a first con-
nection pipe so as to condense the gas-phase
refrigerant compressed by the compressor;
a second heat exchanger arranged to exchange
heat with the surrounding air and
connected to the first heat exchanger through a
second connection pipe so as to super-cool the
refrigerant condensed by the first heat exchang-
er, the super-cooled refrigerant being dis-
charged through a third connection pipe; and
a blower arranged to generate air flow toward
the first heat exchanger and the second heat
exchanger,
wherein the first heat exchanger includes a first
header in communication with the first connec-
tion pipe for introduction of the refrigerant, a plu-
rality of tubes each having one end in commu-
nication with the first header, and a second
header in communication with the other end of
each of the plurality of tubes, and
wherein the second heat exchanger includes a
heat exchange pipe that is bent plural times be-
tween the second connection pipe and the third
connection pipe.

2. The air conditioner according to claim 1, wherein the
second heat exchanger is arranged upstream of the
first heat exchanger in a blowing direction of the
blower.

3. The air conditioner according to claim 1 or 2, wherein:

the first heat exchanger includes a plurality of

baffles arranged in the first header and the sec-
ond header to divide the plurality of tubes into a
plurality of groups;
each of the groups includes the plurality of tubes;
and
the refrigerant of the first heat exchanger flows
in the same direction through the tubes of the
same group.

4. The air conditioner according to claim 3, wherein the
refrigerant of the first heat exchanger flows in differ-
ent directions when passing through the tubes of the
neighboring two groups.

5. The air conditioner according to claim 3, wherein
some of the plurality of groups arranged downstream
in a refrigerant flow direction include a lower number
of tubes than others arranged upstream in the refrig-
erant flow direction.

6. The air conditioner according to any one of claims 1
to 5, wherein the second connection pipe is connect-
ed to the first header at one side of the first heat
exchanger, and is connected to the second heat ex-
changer at one side of the second heat exchanger
corresponding to the side of the first heat exchanger.

7. The air conditioner according to any one of claims 1
to 6, wherein:

the first heat exchanger includes a first heat ex-
change region defined between the first header
and the second header;
the second heat exchanger includes a first bent
portion and a second bent portion arranged at
opposite sides, and a second heat exchange re-
gion defined between the first bent portion and
the second bent portion; and
the first heat exchange region and the second
heat exchange region overlap each other.

8. The air conditioner according to claim 7, wherein the
first heat exchange region and the second heat ex-
change region have the same shape.

9. The air conditioner according to claim 7, wherein a
distance between the first bent portion and the sec-
ond bent portion of the second heat exchanger is
substantially equal to a distance between the first
header and the second header of the first heat ex-
changer.

10. The air conditioner according to claim 7, wherein a
height of the first heat exchange region is substan-
tially equal to a height of the second heat exchange
region.

11. The air conditioner according to any one of claims 1
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to 10, wherein:

the blower includes an axial flow fan; and
the second heat exchanger, the first heat ex-
changer and the axial flow fan are arranged se-
quentially in the blowing direction.

11 12 



EP 2 330 366 A2

8



EP 2 330 366 A2

9



EP 2 330 366 A2

10



EP 2 330 366 A2

11



EP 2 330 366 A2

12


	bibliography
	description
	claims
	drawings

