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Description
Technical Field

[0001] The present invention relates to a heat ex-
changer and an air conditioner.

[0002] This application claims priority from Japanese
Patent Application No. 2016-038404 filed on February
29, 2016; the contents of which are incorporated herein
by reference.

Background Art

[0003] A heat exchanger, in which a plurality of heat
transfer tubes extending in a horizontal direction are dis-
posed at intervals in a vertical direction and a fan is pro-
vided on an outer surface of each heat transfer tube, is
known as a heat exchanger of an air conditioner. Both
ends of the plurality of heat transfer tubes are connected
to a pair of headers extending in the vertical direction,
respectively. Such a heat exchanger is configured such
that a refrigerant, which is introduced into one header
and is circulated in the other header via the heat transfer
tubes, turns back at the other header to return to one
header again via the heat transfer tubes, in order to se-
cure a flow passage length for the refrigerant.

[0004] The inside of the header at a turnback side is
partitioned into a plurality of regions with a partition plate
partitioning the inside of the header in the vertical direc-
tion. Accordingly, a refrigerant introduced in one region
via the heat transfer tubes returns to one header on an
entrance side via the plurality of heat transfer tubes con-
nected to the other region after being introduced into the
other region via a connection pipe.

[0005] Forexample, a heatexchangerincluding a con-
nection pipe which has one main pipe portion and branch
pipe portions that extend so as to branch off into a plurality
of portions from the main pipe portion is disclosed in PTL
1. In the heat exchanger, the main pipe portion is con-
nected to a region in one header, and the branch pipe
portions each are connected to any one of the plurality
of other regions in the header. In a case where the heat
exchanger is used as an evaporator, a refrigerant intro-
duced in one region of the header via the heat transfer
tubes is introduced into the plurality of other regions via
the main pipe portion and the branch pipe portions of the
connection pipe.

Citation List
Patent Literature

[0006] [PTL 1]Japanese Unexamined Patent Applica-
tion Publication No. 2015-55404
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Summary of Invention
Technical Problem

[0007] However, in the heat exchanger in PTL 1, re-
frigerants having different degrees of dryness are intro-
duced into the respective branch pipe portions in some
cases when diverting refrigerants from the main pipe por-
tion of the connection pipe to the branch pipe portions.
That is, a large amount of liquid phase refrigerants flow
into only some of a plurality of branch pipes in some cases
according to the flow rate of a refrigerant and a branching
direction, and thus there is a problem that a refrigerant
is not uniformly diverted. In addition, a refrigerant in the
connection pipe separates into a gas phase and a liquid
phase in some cases according to a density difference
between gas and liquid as well, and a refrigerant is di-
verted in some cases in a state where a deviation occurs
in the flow rate or the degree of dryness.

[0008] When a refrigerant is not uniformly diverted as
described above, a change in a refrigerant distribution
ratio at the time of diversion occurs since a flow aspect
in each branch pipe differs according to a flow rate.
[0009] For this reason, when the refrigerant is again
introduced into the heat transfer tubes via the headers,
there is a heat transfer tube through which a liquid phase
refrigerant hardly passes, and thus a heat transfer region
of the heat exchanger cannot be sufficiently used. As a
consequence, for example, in a case where the heat ex-
changer is used as an air conditioner, a cooling perform-
ance and a heating performance deteriorate, and thus
indoor amenity is impaired.

[0010] An object of the invention is to provide a heat
exchanger which can suppress a performance decrease
and an air conditioner in which the heat exchanger is
used. Solution to Problem

[0011] In order to solve the problems, the invention
adopts the following means.

[0012] Accordingto afirstaspectoftheinvention, there
is provided a heat exchanger including a first tube group
that has a plurality of first heat transfer tubes which ex-
tend in a horizontal direction, allow a refrigerant to circu-
late therein, and are arranged at intervals in a vertical
direction, a first header part that is in a cylindrical shape
extending in the vertical direction and is connected to
one end of each of the first heat transfer tubes of the first
tube group in state of communicating, a plurality of sec-
ond tube groups that have a plurality of second heat
transfer tubes which extend in the horizontal direction,
allow therefrigerant to circulate therein, and are arranged
at intervals in the vertical direction, a plurality of second
header parts, which are provided so as to correspond to
the plurality of second tube groups and are in a cylindrical
shape extending in the vertical direction and each of
which is connected to one end of each of the second heat
transfer tubes of the second tube groups in a communi-
cating state, and a plurality of communication passages,
which are provided so as to correspond to the plurality
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of second header parts and each have one end connect-
ed to the same vertical position of the first header part
and the other end connected to any one of the second
header parts such that the first header part communi-
cates with each of the second header parts.

[0013] In such a heat exchanger, the refrigerant intro-
duced in the first header part via each first heat transfer
tube of the first tube group is introduced into the commu-
nication passage connected to the same vertical position
of the first header part. Herein, a liquid phase is likely to
stay in a lower portion of the first header part due to a
density difference between gas and liquid in the refriger-
ant and a gas phase is likely to stay in an upper portion
of the first header part. For this reason, a difference in
the gas-liquid ratios of refrigerants occurs in the vertical
direction in the first header part. In the heat exchanger
ofthe invention, the communication passages connected
to the plurality of respective second header parts are con-
nected to the same vertical position in the first header
part. Therefore, refrigerants with almost the same gas
phase-liquid phase ratio are introduced into each com-
munication passage. For this reason, the uniformization
of flow rates of refrigerants for the plurality of respective
communication passages can be achieved. As a conse-
quence, the flow rates of refrigerants introduced into the
plurality of second heat transfer tubes can be uni-
formized.

[0014] The heat exchanger may include a branch con-
nection pipe that has a main pipe portion, of which one
end is connected to the first header part and in which a
plurality of split flow passages arranged in the horizontal
direction are formed, and branch pipe portions, which
branch off into a plurality of portions from the other end
side of the main pipe portion, in which branch flow pas-
sages are formed so as to communicate with the split
flow passages, and each of which is connected to each
of the second header parts. Each of the communication
passages may be a flow passage formed by each of the
split flow passages and each of the branch flow passag-
es.

[0015] Consequently, construction is easy compared
to a case where each communication passage is config-
ured of a separate individual connection pipe since there
is one construction point to the first header part in the
case of the branch connection pipe.

[0016] In the heat exchanger, the numbers of the sec-
ond heat transfer tubes of the second tube groups may
be different from each other, and the plurality of commu-
nication passages may be formed such that the commu-
nication passage connected to the second header part,
to which the second tube group with a larger number of
the second heat transfer tubes is connected, has a larger
flow passage sectional area.

[0017] Consequently, a larger amount of refrigerants
are introduced into the second header part having a rel-
atively larger number of the connected second heat
transfer tubes. On the other hand, a smaller amount of
refrigerants are introduced into the second header part
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having arelatively smaller number of the connected sec-
ond heat transfer tubes. As a consequence, the uniformi-
zation of the amount of a refrigerant, which is diverted
and introduced into each of the second heat transfer
tubes, can be achieved.

[0018] The heat exchanger may include an air blowing
unit that blows air to each of the second tube groups, a
speed of blowing air received by each of the second tube
groups from the air blowing unit may be different for each
of the second tube groups, and the plurality of commu-
nication passages may be formed such that the commu-
nication passage connected to the second header part,
to which the second tube group receiving the blowing air
of ahigher speedis connected, has alarger flow passage
sectional area.

[0019] In such a heat exchanger, the higher the speed
of blown airreceived by the second tube groups, the more
heat exchange in the second tube groups is caused.
Thus, the heat exchange efficiency of the heat exchanger
as a whole can be improved by introducing a larger
amount of refrigerants into the second header part con-
nected to the second tube group that receives blowing
air of which the speed is higher.

[0020] The heat exchanger may further include anoth-
er communication passage of which one end is connect-
ed to the first header part at the same height position as
the communication passages connected to the first head-
er part and the other end is connected to the second
header part at a height position different from the com-
munication passages connected to the second header
parts such that the first header part communicates with
any one of the plurality of second header parts.

[0021] Consequently, refrigerants are introduced from
a plurality of points different in the vertical direction into
the second header parts. Thus, since the homogeniza-
tion of gas-liquid ratio of refrigerants in the vertical direc-
tion in the second header parts can be achieved, the flow
rate of the refrigerant diverted into the respective second
heat transfer tubes can be uniformized.

[0022] Intheheatexchanger,aheaderthathasahead-
er body which is in a cylindrical shape extending in the
vertical direction and a plurality of main partition plates
that partition an inside of the header body into a plurality
of regions in the vertical direction may be included, the
first header part may be a portion that includes the low-
ermost region out of the plurality of regions in the header,
and each of the second header parts may be a portion
that includes any one of the regions excluding the low-
ermostregion, out of the plurality of regions in the header.
[0023] The heat exchanger having the first header part
and the plurality of second header parts can be easily
configured by forming the first header part and the plu-
rality of second header parts with the main partition plate
in one header part.

[0024] According to a second aspect of the invention,
there is provided an air conditioner including any one of
the heat exchangers described above.

[0025] Accordingly, a decrease in a heat exchange
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performance caused by inhomogeneous distribution of
the refrigerant is suppressed, and thus the air conditioner
with a high efficiency can be provided.

Advantageous Effects of Invention

[0026] The heat exchanger and the air conditioner of
the invention can achieve the suppression of an efficien-
cy decrease.

Brief Description of Drawings
[0027]

Fig. 1 is an overall configuration view of an air con-
ditioner according to a first embodiment of the inven-
tion.

Fig. 2 is a longitudinal sectional view of a heat ex-
changer according to the first embodiment of the in-
vention.

Fig. 3 is a perspective view of the heat exchanger
according to the first embodiment of the invention.
Fig. 4 is a side view of a turnback side header and
a branch connection pipe of a heat exchanger ac-
cording to a second embodiment of the invention.
Fig. 5A is a view illustrating a sectional shape of a
flow passage of a main pipe portion in the branch
connection pipe of the heat exchanger according to
the second embodiment of the invention.

Fig. 5B is a view illustrating the sectional shape of
the flow passage of the main pipe portion in the
branch connection pipe of the heat exchanger ac-
cording to the second embodiment of the invention.
Fig. 6 is a perspective view of a heat exchanger ac-
cording to a third embodiment of the invention.

Fig. 7 is a side view of a turnback side header and
a connection pipe of the heat exchanger according
to the third embodiment of the invention.

Fig. 8 is a perspective view of a heat exchanger ac-
cording to a fourth embodiment of the invention.
Fig. 9 is a side view of a turnback side header and
a connection pipe of the heat exchanger according
to the fourth embodiment of the invention.

Fig. 10 is a perspective view illustrating an example
of an air blowing unit according to the fourth embod-
iment of the invention.

Fig. 11 is a perspective view of a heat exchanger
according to a fifth embodiment of the invention.
Fig. 12 is a side view of a turnback side header and
a connection pipe of the heat exchanger according
to the fifth embodiment of the invention.

Fig. 13 is a side view of a turnback side header and
a connection pipe of a heat exchanger according to
a sixth embodiment of the invention.

Description of Embodiments

[0028] Hereinafter, an air conditioner including a heat
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exchanger according to a first embodiment of the inven-
tion will be described with reference to Figs. 1 to 5.
[0029] As illustrated in Fig. 1, an air conditioner 1 in-
cludes a compressor 2, an indoor heat exchanger 3 (heat
exchanger 10), an expansion valve 4, an outdoor heat
exchanger 5 (heat exchanger 10), a four-way valve 6,
and a pipe 7 that connects the configuration elements
together, and a refrigerant circuit formed of the configu-
ration elements is configured.

[0030] The compressor 2 compresses a refrigerant
and supplies the compressed refrigerant to the refriger-
ant circuit.

[0031] The indoor heat exchanger 3 performs heat ex-
change between the refrigerant and indoor air. The in-
door heatexchanger 3 is used as an evaporator to absorb
heat from the inside during cooling operation, and is used
as acondensertoradiate heatto the inside during heating
operation.

[0032] The expansion valve 4 reduces a pressure by
expanding the high-pressure refrigerant liquefied by the
condenser exchanging heat.

[0033] The outdoor heat exchanger 5 performs heat
exchange between the refrigerant and outdoor air. The
outdoor heat exchangeris used as a condensertoradiate
heat to the outside during cooling operation and is used
as an evaporator to absorb heat from the outside during
heating operation.

[0034] The four-way valve 6 switches between direc-
tions where a refrigerant circulates during heating oper-
ation and during cooling operation. Consequently, a re-
frigerant circulates in the compressor 2, the outdoor heat
exchanger 5, the expansion valve 4, and the indoor heat
exchanger 3 in this order during cooling operation. On
the other hand, a refrigerant circulates in the compressor
2, the indoor heat exchanger 3, the expansion valve 4,
and the outdoor heat exchanger 5 in this order during
heating operation.

[0035] Next, the heat exchangers 10 which are used
as the indoor heat exchanger 3 and the outdoor heat
exchanger 5 will be described with reference to Fig. 2
and Fig. 3.

[0036] The heatexchangers 10 eachinclude a plurality
of heat transfer tubes 20, a plurality of fans 28, a pair of
headers 30, a first connection pipe 60, and a second
connection pipe 70.

[0037] The heattransfertubes 20 are tubular members
linearly extending in a horizontal direction, and flow pas-
sages through which a refrigerant circulates are formed
therein. The plurality of heat transfer tubes 20 are ar-
ranged at intervals in a vertical direction, and are dis-
posed so as to be parallel to each other.

[0038] In the embodiment, the heat transfer tubes 20
each have a flat tubular shape, and the plurality of flow
passages arranged in the horizontal direction orthogonal
to an extending direction of the heat transfer tubes 20
are formed inside the heat transfer tubes 20. The plurality
of flow passages are arranged so as to be parallel to
each other. Consequently, a sectional shape orthogonal
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to the extending direction of the heat transfer tubes 20
is a flat shape of which a longitudinal direction is the hor-
izontal direction orthogonal to the extending direction of
the heat transfer tubes 20.

[0039] The fans 28 each are disposed between the
heat transfer tubes 20 arranged as described above, and
extend in a so-called corrugated shape so as to be alter-
nately in contact with the vertically nearby heat transfer
tubes 20 as facing the extending direction of each of the
heat transfer tubes 20 in the embodiment. Without being
limited thereto, the shapes of the fans 28 may be any
shape insofar as the fans are provided so as to protrude
from outer peripheral surfaces of the heat transfer tubes
20.

[0040] At both ends of the plurality of heat transfer
tubes 20, the pair of headers 30 is provided such that the
heat transfer tubes 20 are sandwiched therebetween.
One of the pair of headers 30 is set as an entrance side
header 40, which is an entrance of a refrigerant from the
outside into the heat exchanger 10, and the other one is
set as a turnback side header 50 for a refrigerant to turn
back in the heat exchanger 10.

[0041] The entrance side header 40 is a cylindrical
member extending in the vertical direction. An upper end
and a lower end of the entrance side header are closed
and the inside of the entrance side header is partitioned
into two upper and lower regions with a partition plate
41. The lower region partitioned with the partition plate
41 is set as a lower entry region 42 and the upper region
is set as an upper entry region 43. The lower entry region
42 and the upper entry region 43 are in a state of not
communicating with each other in the entrance header
40. The lower entry region 42 and the upper entry region
43 each are connected to the pipe 7 configuring the re-
frigerant circuit.

[0042] Herein, out of the plurality of heat transfer tubes
20, the heat transfer tubes 20 connected to the lower
entry region 42 in a communicating state are set as first
heat transfer tubes 21, and the heat transfer tubes 20
connected to the upper entry region 43 in a communicat-
ing state are set as second heat transfer tubes 23.
[0043] The turnback side header 50 includes a header
body 51 and main partition plates 58.

[0044] The headerbody 51 is a cylindrical member ex-
tending in the vertical direction, and an upper end and a
lower end of the header body are closed. The main par-
tition plates 58 are provided in the header body 51, and
partition a space in the header body 51 into upper and
lower regions. In the embodiment, the two main partition
plates 58 are disposed in the header body 51 at an in-
terval in the vertical direction. Accordingly, the inside of
the header body 51 is partitioned into three regions ver-
tically arranged.

[0045] Out of the three regions in the header body 51,
a portion that includes the lowermost region is set as a
first header part 52. In addition, out of the three regions,
portions that each include one of the two upper regions,
excluding the lowermost region, are set as second head-
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er parts 53. That is, in the embodiment, one first header
part 52 and two second header parts 53 each of which
has a space inside therein are formed in the turnback
side header 50 by the inside of the header body 51 being
partitioned with the two main partition plates 58. In other
words, the turnback side header 50 is configured with
one first header part 52 and two second header parts 53.
[0046] The first heat transfer tubes 21 each are con-
nected to the first header part 52 so as to be in a com-
municating state with the inside of the first header part
52. A first tube group 22 is configured with the plurality
of first heat transfer tubes 21. In other words, the heat
transfer tubes 20 connected to the first header part 52
are set as the first heat transfer tubes 21.

[0047] The second heat transfer tubes 23 each are
connected to one of the second header parts 53 so as
to be in a communicating state with one of the insides of
the second header parts 53. That is, the heat transfer
tubes 20 connected to the second header parts 53 are
set as the second heat transfer tubes 23.

[0048] Second tube groups 24 each are configured
with the plurality of second heat transfer tubes 23 each
of which is connected to one of the second header parts
53. That is, since there are two second header parts 53
in the embodiment, two second tube groups 24 are con-
figured so as to be paired with the two second header
parts 53.

[0049] Hereinafter, out of the two upper and lower sec-
ond header parts 53, the second header part 53 disposed
on a lower side will be referred to as a lower second
header part 54, and the second header part 53 disposed
on an upper side will be referred to as an upper second
header part 55, in the embodiment.

[0050] In addition, the second tube group 24 config-
ured with the second heat transfer tubes 23 connected
to the lower second header part 54 will be referred to as
alower second tube group 25, and the second tube group
24 configured with the second heat transfer tubes 23 con-
nected to the upper second header part 55 will be referred
to as an upper second tube group 26.

[0051] Thefirstconnection pipe 60is atubular member
in which a flow passage is formed. One end of the first
connection pipe is connected to the first header part 52
ina communicating state with the inside of the first header
part 52, and the other end is connected to the lower sec-
ond header part 54 in a communicating state with the
inside of the lower second header part 54. More specif-
ically, one end of the first connection pipe 60 is connected
to an upper portion of the first header part 52. In addition,
the other end of the first connection pipe 60 is connected
to a lower portion of the lower second header part 54. In
the embodiment, the flow passage in the first connection
pipe 60 is set as a first communication passage 61 (com-
munication passage) that connects the first header part
52 and the lower second header part 54 together.
[0052] The second connection pipe 70 is a tubular
member in which a flow passage is formed. One end of
the second connection pipe is connected to the firsthead-
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er part 52 in a communicating state with the inside of the
first header part 52 as in the first connection pipe 60. On
the other hand, the other end of the second connection
pipe 70 is connected to the upper second header part 55
in a communicating state with the inside of the upper
second header part 55, unlike the first connection pipe
60. More specifically, one end of the second connection
pipe 70 is connected to the upper portion of the first head-
erpart52. In addition, the other end of the first connection
pipe 60 is connected to a lower portion of the upper sec-
ond header part 55. In the embodiment, the flow passage
in the second connection pipe 70 is set as a second com-
munication passage 71 (communication passage) that
connects the first header part 52 and the upper second
header part 55 together.

[0053] Herein,aconnection pointofthefirstconnection
pipe 60 to the first header part 52 and a connection point
of the second connection pipe 70 to the first header part
52 are at the same vertical position, in the embodiment.
That is, the connection point of the first connection pipe
60 to the first header part 52 is disposed so as to be
adjacent to or to be spaced apart from the connection
point of the second connection pipe 70 to the first header
part 52 in the horizontal direction, and has the same ver-
tical position as the connection point of the second con-
nection pipe to the first header part.

[0054] "The same vertical position" is not limited to a
case where the vertical position of a center of the con-
nection point of the first connection pipe 60 to the first
header part 52 and the vertical position of a center of the
connection point of the second connection pipe 70 to the
first header part 52 are the same, it is sufficient that at
least a part of the vertical position of the connection point
of the first connection pipe 60 to the first header part 52
and a part of the vertical position of the connection point
of the second connection pipe 70 to the first header part
52 overlap each other in the vertical direction.

[0055] Next, operation and effects in a case where the
heat exchanger 10 is used as an evaporator will be de-
scribed.

[0056] In a case where the heat exchanger 10 is the
indoor heat exchanger 3, the air conditioner 1 is used as
an evaporator during cooling operation, and in a case
where the heat exchanger is the outdoor heat exchanger
5, the air conditioner 1 is used as an evaporator during
heating operation.

[0057] When the heat exchanger 10 is used as an
evaporator, a gas-liquid two phase refrigerant having a
high liquid phase content is supplied from the pipe 7 to
the lower entry region 42 of the entrance side header 40
illustrated in Fig. 2. Therefrigerantis divided and supplied
to the plurality of first heat transfer tubes 21 in the lower
entry region 42, and exchanges heat with the external
atmosphere of the first heat transfer tubes 21 in the proc-
ess of circulating in the first heat transfer tubes 21, there-
by causing evaporation. Consequently, the refrigerant
supplied from the first heat transfer tubes 21 into the first
header part 52 of the turnback side header 50 becomes
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agas-liquid two phase refrigerant, in which the proportion
of a liquid phase has dropped, by some of the refrigerant
changing from the liquid phase to a gas phase.

[0058] Out of gas-liquid two phase refrigerants sup-
plied into the first header part 52, a refrigerant with a high
liquid phase content and a high density gathers at the
lower portion of the first header part 52 due to gravity,
and a refrigerant with a high gas phase content and a
low density gathers atthe upper portion of the first header
part 52. That s, in the first header part 52, the gas-liquid
ratio of a refrigerant, that is, the density of the refrigerant
differs according to a vertical position. Herein, if the con-
nection position of the first connection pipe 60 to the first
header part 52 and the connection position of the second
connection pipe 70 to the first header part 52 are different
from each other in the vertical direction, the gas-liquid
ratios of refrigerants introduced into the first connection
pipe 60 and the second connection pipe 70 are different
from each other. As a consequence, as a result of a re-
frigerant with a high density being introduced into one of
the first connection pipe 60 and the second connection
pipe 70, which is connected to a lower part of the first
header part 52, the mass flow rate of the refrigerant be-
comes higher. On the other hand, as a result of a refrig-
erant with a low density being introduced into a connec-
tion pipe connected to a higher part of the first header
part, the mass flow rate of the refrigerant becomes lower.
[0059] On the contrary, the connection position of the
first connection pipe 60 to the first header part 52 and
the connection position of the second connection pipe
70 to the first header part 52 are at the same vertical
position, in the embodiment. For this reason, refrigerants
having almost the same gas-liquid ratio are introduced
into the first connection pipe 60 and the second connec-
tion pipe 70 respectively. As a consequence, the gas-
liquid ratios of the refrigerants introduced into the lower
second header part 54 and the upper second header part
55 via the first connection pipe 60 and the second con-
nection pipe 70 respectively are almost the same. That
is, the uniformization of the mass flow rates of refrigerants
circulating in the first connection pipe 60 and the second
connection pipe 70 is achieved.

[0060] After then, a refrigerant introduced in the lower
second header part 54 and the upper second header part
55 via the first connection pipe 60 or the second connec-
tion pipe 70 is diverted to the plurality of second heat
transfer tubes 23 connected thereto and circulates in the
second heat transfer tubes 23. Then, the refrigerant
again causes evaporation by exchanging heat with the
external atmosphere of the second heat transfer tubes
23inthe process of circulating in the second heat transfer
tubes 23. Consequently, in the second heat transfer
tubes 23, the remaining liquid phase in the refrigerant
changes to the gas phase and the refrigerant in a gas
phase state is supplied to the upper entry region 43 of
the entrance side header 40. Then, the refrigerant is in-
troduced from the upper entry region 43 to the pipe 7,
thereby circulating in the refrigerant circuit.
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[0061] As described above, in the heat exchanger 10
of the invention, the first communication passage 61 of
the first connection pipe 60 and the second communica-
tion passage 71 of the second connection pipe 70, each
of which is connected to one of the plurality of second
header parts 53, are connected to the first header part
52 at the same vertical position. Therefore, refrigerants
with almost the same gas phase-liquid phase ratio are
introduced into the respective communication passages.
For this reason, the uniformization of flow rates of refrig-
erants for the plurality of respective communication pas-
sages can be achieved. As a consequence, for example,
in a case where the heat exchanger 10 is used as an air
conditioner, a cooling performance and a heating per-
formance are not impaired.

[0062] Next, a heat exchanger 80 according to a sec-
ond embodiment of the invention will be described with
reference to Fig. 4, Fig. 5A, and Fig. 5B. In the second
embodiment, the same configuration elements as the first
embodiment will be assigned with the same reference
signs as the first embodiment, and the detailed descrip-
tion thereof will be omitted.

[0063] As illustrated in Fig. 4, the heat exchanger 80
of the second embodiment is different from the heat ex-
changer of the first embodiment in that one branch con-
nection pipe 81 is included instead of the first connection
pipe 60 and the second connection pipe 70 of the first
embodiment.

[0064] The branch connection pipe 81 has a main pipe
portion 82 and a plurality of (two, in the embodiment)
branch pipe portions 85.

[0065] One end of the main pipe portion 82 is connect-
ed to the first header part 52. In the first header part 52,
two split flow passages 83, which are formed by splitting
the inside of the first header part 52 in the horizontal
direction into two regions, are formed as illustrated in Fig.
5A and Fig. 5B. The split flow passages 83 are arranged
in the horizontal direction so as to extend from one end
to the other end of the main pipe portion 82. As illustrated
in Fig. 5A, the main pipe portion 82 may have a structure
in which the two split flow passages 83 are formed by
providing a split wall portion 84 in the middle of a circular
section of the flow passage in the horizontal direction. In
addition, as illustrated in Fig. 5B, the main pipe portion
may have a structure in which the split flow passages 83
obtained by linearly cutting out a part of the circular sec-
tion of the flow passage are provided so as to be arranged
side by side via the split wall portion 84 configuring the
linear portion.

[0066] The two branch pipe portions 85 are provided
so as to branch off into a plurality of portions from the
other end side of the main pipe portion 82. The branch
pipe portions 85 are connected to the lower second head-
er part 54 and the upper second header part 55 respec-
tively. In addition, branch flow passages 86, which are
flow passages inside the respective branch pipe portions
85, communicate with the split flow passages 83 in the
main pipe portion 82 in a one-to-one relationship. Ac-

10

15

20

25

30

35

40

45

50

55

cordingly, out of the two split flow passages 83 of the
main pipe portion 82, one split flow passage 83 is in a
communicating state with the inside of the lower second
header part 54 via one branch flow passage 86, that is,
the first communication passage 61 that allows the first
header part 52 to communicate with the lower second
header part 54 by means of one split flow passage 83
and one branch flow passage 86 is formed. In addition,
the other split flow passage 83 is in a communicating
state with the inside of the upper second header part 55
via the other branch flow passage 86, that is, the second
communication passage 71 that allows the inside of the
first header part 52 to communicate with the upper sec-
ond header part 55 by means of the other split flow pas-
sage 83 and the other branch flow passage 86 is formed.
[0067] Insuch a heatexchanger 80 of the second em-
bodiment, the two split flow passages 83 in the main pipe
portion 82 of the branch connection pipe 81 are arranged
in the horizontal direction side by side. Therefore, refrig-
erants with almost the same density are introduced into
the two split flow passages 83. Then, the refrigerants are
introduced into the lower second header part 54 and the
upper second header part 55 via the respective branch
flow passages 86. Thus, the uniformization of mass flow
rates of refrigerants introduced into the lower second
header part 54 and the upper second header part 55 can
be achieved as in the first embodiment.

[0068] In addition, since there is only one connection
point to the first header part 52, construction can be per-
formed more easily compared to a case where the first
connection pipe 60 and the second connection pipe 70
are separately provided as in the first embodiment.
[0069] Next, a heat exchanger 90 according to a third
embodiment of the invention will be described with ref-
erence to Fig. 6 and Fig. 7. In the third embodiment, the
same configuration elements as the first embodiment will
be assigned with the same reference signs as the first
embodiment, and the detailed description thereof will be
omitted.

[0070] As illustrated in Fig. 6 and Fig. 7, the heat ex-
changer 90 of the third embodiment is different from the
first embodiment in that the number of the second heat
transfer tubes 23 of the lower second tube group 25 and
the number of the second heat transfer tubes 23 of the
upper second tube group 26 are different from each other
and the flow passage sectional areas of the first connec-
tion pipe 60 and the second connection pipe 70 are dif-
ferent from each other.

[0071] The heat exchanger 90 of the embodiment is
provided such thatthe number of the second heat transfer
tubes 23 of the upper second tube group 26 is larger than
the number of the second heat transfer tubes 23 of the
lower second tube group 25. Since respective intervals
between the second heat transfer tubes 23 in the vertical
direction are the same, the upper second header part 55
has a larger dimension in the vertical direction than the
lower second header part 54 has according to a differ-
ence between the number of the second heat transfer
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tubes 23 of the lower second tube group 25 and the
number of the second heat transfer tubes 23 of the upper
second tube group 26.

[0072] The flow passage sectional area of the second
connection pipe 70 is set so as to be larger than the flow
passage sectional area of the first connection pipe 60
over the entire region in an extending direction of the first
connection pipe 60 and an extending direction of the sec-
ond connection pipe 70. The flow passage sectional ar-
eas are the areas of the sections, which are orthogonal
to the extending direction of the first connection pipe 60
and the extending direction of the second connection
pipe 70, of the flow passages.

[0073] As described above, in the embodiment, the
flow passage sectional area of the first connection pipe
60 connected to the lower second header part 54 corre-
sponding to the lower second tube group 25 having a
relatively smaller number of the second heat transfer
tubes 23 is set so as to be relatively smaller. In addition,
the flow passage sectional area of the second connection
pipe 70 connected to the upper second header part 55
corresponding to the upper second tube group 26 having
a relatively larger number of the second heat transfer
tubes 23 is set so as to be relatively larger.

[0074] In the heat exchanger 90 of the third embodi-
ment, a larger amount of refrigerants are introduced into
the upper second header part 55 having arelatively larger
number of the connected second heat transfer tubes 23.
On the other hand, a smaller amount of refrigerants are
introduced into the lower second header part 54 having
arelatively smaller number of the connected second heat
transfertubes 23. The larger the number of the connected
second heat transfer tubes 23, the larger amount of re-
frigerants circulate in the second heat transfer tubes 23
and thus heat exchange can be caused. Therefore, the
uniformization of mass flow rates of refrigerants circulat-
ing in the second heat transfer tubes 23 as a whole can
be achieved.

[0075] Next, a heat exchanger 100 according to a
fourth embodiment of the invention will be described with
reference to Fig. 8 to Fig. 10. In the third embodiment,
the same configuration elements as the first embodiment
will be assigned with the same reference signs as the
firstembodiment, and the detailed description thereof will
be omitted.

[0076] As illustrated in Fig. 8 and Fig. 9, the heat ex-
changer 100 of the fourth embodiment is different from
the first embodiment in that the speed of blowing air re-
ceived by the second heat transfer tubes 23 of the lower
second tube group 25 and the speed of blowing air re-
ceived by the second heat transfer tubes 23 of the upper
second tube group 26 are different from each other and
the flow passage sectional areas of the first connection
pipe 60 and the second connection pipe 70 are different
from each other.

[0077] Inthe embodiment, the speed of blowing air re-
ceived by the upper second tube group 26 is higher than
the speed of blowing air received by the lower second
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tube group 25. A difference in the speed of the received
blowing air occurs, for example, due to an air blowing
unit 103 illustrated in Fig. 10.

[0078] Thatis, the heat exchanger 100 of the embod-
iment has a casing 101 accommodating the heat ex-
changer 100 as illustrated in Fig. 10.

[0079] The casing 101 has a casing body 102, a ven-
tilating unit 104, and the air blowing unit 103. The casing
body 102is a substantially rectangular parallelepiped box
extending in the vertical direction, and has the ventilating
unit 104, through which air can circulate inside and out-
side the casing body 102, for example, on two side sur-
faces next to each other, out of four side surfaces. The
air blowing unit 103 formed of a fan that is rotatable about
a vertical axis is provided on a top surface of the casing
body 102. When the fan of the ventilating unit 104 oper-
ates, airin the casing body 102 is sent toward the outside
of the casing 101, that is, from the lower side toward the
upper side. Conversely, air is sent from the outside of
the casing body 102 into the casing body 102 via the
ventilating unit 104. As described above, when the ven-
tilating unit 104 operates such that air is blown from above
the casing 101, the heat exchanger 100 disposed in the
casing body 102 receives the blown air having a speed
that differs according to the vertical direction. According-
ly, in the embodiment, the speed of blowing air received
by the upper second tube group 26 is higher than the
speed of blowing air received by the lower second tube
group 25.

[0080] Inthe embodiment, the flow passage sectional
area of the second connection pipe 70 is set so as to be
larger than the flow passage sectional area of the first
connection pipe 60 over the entire region in the extending
direction of the first connection pipe 60 and the extending
direction of the second connection pipe 70, as in the third
embodiment.

[0081] As described above, in the embodiment, the
flow passage sectional area of the first connection pipe
60 connected to the lower second header part 54 corre-
sponding to the lower second tube group 25 that receives
blowing air of a lower speed is set so as to be relatively
smaller. In addition, the flow passage sectional area of
the second connection pipe 70 connected to the upper
second header part 55 corresponding to the upper sec-
ond tube group 26, which receives blowing air of a higher
speed and has a relatively larger number of the second
heat transfer tubes 23, is set so as to be relatively larger.
[0082] In such a heat exchanger 100, the higher the
speed of blowing air received by the second tube groups
24, the more heat exchange in the second tube groups
24 is caused. Thus, the heat exchange efficiency of the
heat exchanger 100 as a whole can be improved by in-
troducing a larger amount of refrigerants into the second
header parts 53 connected to the upper second tube
group 26 that receives blowing air of a higher speed.
[0083] Next, a heat exchanger 110 according to a fifth
embodiment of the invention will be described with ref-
erence to Fig. 11 and Fig. 12. In the fifth embodiment,
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the same configuration elements as the first embodiment
will be assigned with the same reference signs as the
firstembodiment, and the detailed description thereof will
be omitted.

[0084] As illustrated in Fig. 11 and Fig. 12, the heat
exchanger 110 of the embodiment has three partition
plates 58 provided in the turnback header 50. That is,
the partition plates 58 are provided at intervals in the
vertical direction, and accordingly, a region in the header
30 is partitioned into four regions in the vertical direction.
Out of the four regions, a portion that includes the low-
ermost region is set as the first header part 52, as in the
first embodiment. In addition, out of the four regions, por-
tions that each include one of the three upper regions,
excluding the lowermost region, are set as the second
header parts 53. In the embodiment, one first header part
52 and three second header parts 53 are provided.
[0085] In the embodiment, in total three connection
pipes 120, including the connection pipe 120 that con-
nects the first header part 52 and the lowermost second
header part 53 together, out of the three second header
parts 53, the connection pipe 120 that connects the first
header part 52 and the middle second header part 53
together, out of the three second header parts 53, and
the connection pipe 120 that connects the first header
part 52 and the uppermost second header part 53 togeth-
er, out of the three second header parts 53, are provided.
A communication passage 121 that allows the first head-
er part 52 to communicate with any one of the second
header parts 53 is formed in each of the connection pipes
120.

[0086] In addition, connection points of the connection
pipes 120 to the first header part 52 are at the same
vertical position, as in the first embodiment.

[0087] In such a heat exchanger 110, the uniformiza-
tion of mass flow rates of refrigerants introduced from
the first header part 52 into the respective second header
parts 53 can be achieved as in the first embodiment.
[0088] Although an example in which the three second
header parts 53 are provided is described in the embod-
iment, there may be four or more second header parts
53. In this case, also the number of the connection pipes
120 increases according to the number of the second
header parts 53.

[0089] Next, a heatexchanger 130 according to a sixth
embodiment of the invention will be described with ref-
erence to Fig. 13. In the sixth embodiment, the same
configuration elements as the first embodiment will be
assigned with the same reference signs as the first em-
bodiment, and the detailed description thereof will be
omitted.

[0090] The sixth embodiment is different from the first
embodiment in that the plurality of first connection pipes
60 and the plurality of second connection pipes 70 are
provided.

[0091] That is, the plurality of (three, in the embodi-
ment) first connection pipes 60 are provided in the sixth
embodiment. While the connection points of the first con-
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nection pipes 60 to the first header part 52 are at the
same vertical position, the connection points of the first
connection pipes to the lower second header part 54 are
at positions different from each other in the vertical di-
rection. In the embodiment, out of the three first connec-
tion pipes 60, the first-tier first connection pipe 60 is con-
nected to a lower portion of the lower second header part
54, the second-tier second connection pipe 70 is con-
nected to a middle portion of the lower second header
part 54, and the third-tier first connection pipe 60 is con-
nected to an upper portion of the lower second header
part 54.

[0092] In addition, the plurality of (three, in the embod-
iment) second connection pipes 70 are also provided in
the sixth embodiment. While the connection points of the
second connection pipes 70 to the first header part 52
are at the same vertical position, the connection points
of the second connection pipes to the upper second
header part 55 are at positions different from each other
in the vertical direction. In the embodiment, out of the
three first connection pipes 60, the first-tier first connec-
tion pipe 60 is connected to a lower portion of the upper
second header part 55, the second-tier second connec-
tion pipe 70 is connected to a middle portion of the upper
second header part 55, and the third-tier first connection
pipe 60 is connected to an upper portion of the upper
second header part 55.

[0093] In such a heat exchanger 130, the uniformiza-
tion of mass flow rates of refrigerants introduced into the
lower second header part 54 and the upper second head-
er part 55 can be achieved as in the first embodiment.
[0094] In particular, in the embodiment, refrigerants
are introduced from a plurality of points, of which height
positions are different from each other, to the first header
part 52 and the second header parts 53. For this reason,
by a refrigerant being mixed in each of the first header
part 52 and the second header parts 53 in the vertical
direction, the homogenization of refrigerants in the first
header part 52 and the second header parts 53 can be
caused. Accordingly, the uniformization of mass flow
rates of refrigerants introduced into the respective sec-
ond heat transfer tubes 23 can be achieved.

[0095] Although the embodiments of the invention are
described, the invention is not limited thereto, and can
be modified as appropriate without departing from the
technical scope of the invention.

[0096] For example, the branch connection pipe 81 of
the second embodiment may be applied to the third to
fifth embodiments.

[0097] In addition, by combining the third embodiment
with the fourth embodiment, the flow passage sectional
areas of the first connection pipe 60 and the second con-
nection pipe 70 may be adjusted according to the number
of the second heat transfer tubes 23 configuring the sec-
ond tube groups 24 and the amount of blowing air re-
ceived by each of the second heat transfer tubes 23.
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Reference Signs List

[0098]

1 air conditioner

2 compressor

3 indoor heat exchanger

4 expansion valve

5 outdoor heat exchanger
6 four-way valve

7 pipe

10 heat exchanger

20 heat transfer tube

21 first heat transfer tube

22 first tube group

23 second heat transfer tube
24 second tube group

25 lower second tube group
26 upper second tube group
28 fan

30 header

40 entrance side header

41 partition plate

42 lower entry region

43 upper entry region

50 turnback side header

51 header body

52 first header part

53 second header part

54 lower second header part
55 upper second header part
58 main partition plate

60 first connection pipe

61 first communication passage
70 second connection pipe
71 second communication passage
80 heat exchanger

81 branch connection pipe
82 main pipe portion

83 split flow passage

84 split wall portion

85 branch pipe portion

86 branch flow passage

90 heat exchanger

100 heat exchanger

101 casing

102  casing body

103  air blowing unit

104  ventilating unit

110  heat exchanger

120  connection pipe

121 communication passage
130 heat exchanger

Claims

1. A heat exchanger comprising:
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a first tube group that has a plurality of first heat
transfer tubes which extend in a horizontal di-
rection, allow a refrigerant to circulate therein,
and are arranged at intervals in a vertical direc-
tion;

a first header part that is in a cylindrical shape
extending in the vertical direction and is con-
nected to one end of each of the first heat trans-
fer tubes of the first tube group in a communi-
cating state;

a plurality of second tube groups that have a
plurality of second heat transfer tubes which ex-
tend in the horizontal direction, allow the refrig-
erant to circulate therein, and are arranged at
intervals in the vertical direction;

a plurality of second header parts, which are pro-
vided so as to correspond to the plurality of sec-
ond tube groups and are in a cylindrical shape
extending in the vertical direction and each of
which is connected to one end of each of the
second heat transfer tubes of the second tube
groups in a communicating state; and

a plurality of communication passages, which
are provided so as to correspond to the plurality
of second header parts and each have one end
connected to the same vertical position of the
first header part and the other end connected to
any one of the second header parts such that
the first header part communicates with each of
the second header parts.

2. The heat exchanger according to Claim 1, further
comprising:
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a branch connection pipe that has a main pipe
portion, of which one end is connected to the
first header part and in which a plurality of split
flow passages arranged in the horizontal direc-
tion are formed, and branch pipe portions, which
branch off into a plurality of portions from the
other end side of the main pipe portion, in which
branch flow passages are formed so as to com-
municate with the split flow passages, and each
of which is connected to any one of the second
header parts,

wherein each of the communication passages
is a flow passage formed by each of the split
flow passages and each of the branch flow pas-
sages.

3. The heat exchanger according to Claim 1 or 2,
wherein the numbers of the second heat transfer
tubes of the second tube groups are different from
each other, and

55 the communication passages are formed such that
the communication passage connected to the sec-
ond header part, to which the second tube group with
a larger number of the second heat transfer tubes is

10
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connected, has alarger flow passage sectional area.

4. The heat exchanger according to any one of Claims

1 to 3, further comprising:

an air blowing unit that blows air to each of the
second tube groups,

wherein a speed of blowing air received by each
of the second tube groups from the air blowing
unit is different for each of the second tube
groups, and

the communication passages are formed such
that the communication passage connected to
the second header part, to which the second
tube group receiving the blowing air of a higher
speed is connected, has a larger flow passage
sectional area.

The heat exchanger according to any one of Claims
1 to 4, further comprising:

another communication passage of which one end
is connected to the first header part at the same
height position as the communication passages con-
nected to the first header part and the other end is
connected to the second header part at a height po-
sition different from the communication passages
connected to the second header parts such that the
first header part communicates with any one of the
plurality of second header parts.

The heat exchanger according to any one of Claims
1 to 5, further comprising:

a header that has a header body which is in a
cylindrical shape extending in the vertical direc-
tion and a plurality of main partition plates that
partition an inside of the header body into a plu-
rality of regions in the vertical direction,
wherein the first header part is a portion that
includes the lowermost region out of the plurality
of regions in the header, and

each of the second header parts is a portion that
includes any one of the regions excluding the
lowermost region, out of the plurality of regions
in the header.

7. An air conditioner comprising the heat exchanger

according to any one of Claims 1 to 6.

Amended claims under Art. 19.1 PCT

[Amended] A heat exchanger comprising:

a first tube group that has a plurality of first heat
transfer tubes which extend in a horizontal di-
rection, allow a refrigerant to circulate therein,
and are arranged at intervals in a vertical direc-
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tion;

a first header part that is in a cylindrical shape
extending in the vertical direction and is con-
nected to one end of each of the first heat trans-
fer tubes of the first tube group in a communi-
cating state;

a plurality of second tube groups that have a
plurality of second heat transfer tubes which ex-
tend in the horizontal direction, allow the refrig-
erant to circulate therein, and are arranged at
intervals in the vertical direction;

a plurality of second header parts, which are pro-
vided so as to correspond to the plurality of sec-
ond tube groups and are in a cylindrical shape
extending in the vertical direction and each of
which is connected to one end of each of the
second heat transfer tubes of the second tube
groups in a communicating state; and

a plurality of communication passages, which
are provided so as to correspond to the plurality
of second header parts and each have one end
connected to the same vertical position of the
first header part and the other end connected to
any one of the second header parts such that
the first header part communicates with each of
the second header parts,

wherein the numbers of the second heat transfer
tubes of the second tube groups are different
from each other, and

the communication passages are formed such
that the communication passage connected to
the second header part, to which the second
tube group with a larger number of the second
heat transfer tubes is connected, has a larger
flow passage sectional area.

[Amended] A heat exchanger comprising:

a first tube group that has a plurality of first heat
transfer tubes which extend in a horizontal di-
rection, allow a refrigerant to circulate therein,
and are arranged at intervals in a vertical direc-
tion;

a first header part that is in a cylindrical shape
extending in the vertical direction and is con-
nected to one end of each of the first heat trans-
fer tubes of the first tube group in state of com-
municating;

a plurality of second tube groups that have a
plurality of second heat transfer tubes which ex-
tend in the horizontal direction, allow the refrig-
erant to circulate therein, and are arranged at
intervals in the vertical direction;

a plurality of second header parts, which are pro-
vided so as to correspond to the plurality of sec-
ond tube groups and are in a cylindrical shape
extending in the vertical direction and each of
which is connected to one end of each of the
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second heat transfer tubes of the second tube
groups in a communicating state;

a plurality of communication passages, which
are provided so as to correspond to the plurality
of second header parts and each have one end
connected to the same vertical position of the
first header part and the other end connected to
any one of the second header parts such that
the first header part communicates with each of
the second header parts; and

an air blowing unit that blows air to each of the
second tube groups,

wherein a speed of blowing air received by each
of the second tube groups from the air blowing
unit is different for each of the second tube
groups, and

the communication passages are formed such
that the communication passage connected to
the second header part, to which the second
tube group receiving the blowing air of a higher
speed is connected, has a larger flow passage
sectional area.

[Amended] The heat exchanger according to Claim
2,

wherein the numbers of the second heat transfer
tubes of the second tube groups are different from
each other, and

the communication passages are formed such that
the communication passage connected to the sec-
ond header part, to which the second tube group with
a larger number of the second heat transfer tubes is
connected, has alarger flow passage sectional area.

[Amended] The heat exchanger according to any
one of Claims 1 to 3, further comprising:

a branch connection pipe that has a main pipe
portion, of which one end is connected to the
first header part and in which a plurality of split
flow passages arranged in the horizontal direc-
tion are formed, and branch pipe portions, which
branch off into a plurality of portions from the
other end side of the main pipe portion, in which
branch flow passages are formed so as to com-
municate with the split flow passages, and each
of which is connected to any one of the second
header parts,

wherein each of the communication passages
is a flow passage formed by each of the split
flow passages and each of the branch flow pas-
sages.

The heat exchanger according to any one of Claims
1 to 4, further comprising:

another communication passage of which one end
is connected to the first header part at the same
height position as the communication passages con-
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nected to the first header part and the other end is
connected to the second header part at a height po-
sition different from the communication passages
connected to the second header parts such that the
first header part communicates with any one of the
plurality of second header parts.

The heat exchanger according to any one of Claims
1 to 5, further comprising:

a header that has a header body which is in a
cylindrical shape extending in the vertical direc-
tion and a plurality of main partition plates that
partition an inside of the header body into a plu-
rality of regions in the vertical direction,
wherein the first header part is a portion that
includes the lowermost region out of the plurality
of regions in the header, and

each of the second header parts is a portion that
includes any one of the regions excluding the
lowermost region, out of the plurality of regions
in the header.

7. An air conditioner comprising the heat exchanger

according to any one of Claims 1 to 6.

Statement under Art. 19.1 PCT

1.is amended based on matters described in original

Claim 3.

2. includes configurations of original Claims 1 and 4.
3. corresponds to original Claim 3.

4. corresponds to original Claim 2.

5. to 7 are not changed.
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