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Description
Technical Field

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

Background Art

[0002] A heat exchanger of an air conditioner, which
includes a plurality of heat transfer tubes extending in a
horizontal direction, is known. The plurality of heat trans-
fer tubes are disposed at intervals in a vertical direction.
Afinis provided on an outer surface of each heat transfer
tube. 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 config-
ured such that a refrigerant, which is introduced into a
first header out of a pair of headers and is circulated in
a second header via the heat transfer tubes, turns back
at the second header to return to the first header again
via the heat transfer tubes, in order to secure a flow pas-
sage length for the refrigerant.

[0003] The inside of the second header, which is 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 direction. Accordingly, a refrig-
erant introduced in one region of the header via the heat
transfer tubes returns to the first header on an entrance
side via the plurality of heat transfer tubes connected to
the other region after being introduced into the other re-
gion of the header via a connecting tube.

[0004] Forexample, a heat exchanger having the con-
necting tube connected to a lower portion of each region
of a header, into which a refrigerant that has turned back
is introduced, is disclosed in PTL 1.

Citation List
Patent Literature

[0005] [PTL 1] Japanese Patent No. 5071597

Summary of Invention
Technical Problem

[0006] However, in a case where the heat exchanger
is used as an evaporator, not the entire refrigerant intro-
duced into one region of the header via heat transfer
tubes evaporates, and the refrigerant is in a state of a
gas-liquid two phase refrigerant, in which a liquid phase
refrigerant and a gas phase refrigerant are mixed. In a
case where such a gas-liquid two phase refrigerant is
introduced in a lower portion of the other region of the
header via the connecting tube, a liquid phase refrigerant
with a high density is unlikely to reach upper heat transfer
tubes. For this reason, a refrigerant flowing in the upper
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heat transfer tubes is a liquid phase refrigerant having a
lower flow rate. As a consequence, there is a problem
that the heat exchanger does not show a desired per-
formance.

[0007] The invention is devised to solve such prob-
lems, and an object thereofis 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

[0008] In order to solve the problems, the invention
adopts the following means.

[0009] Accordingtoafirstaspectoftheinvention, there
is provided a heat exchanger including a plurality of first
heat transfer tubes that extend in a horizontal direction
to allow a refrigerant to circulate therein, and are ar-
ranged at intervals in a vertical direction, a first header
section that has a cylindrical shape extending in the ver-
tical direction and is connected to one end of each of the
plurality of first heat transfer tubes in a communicating
state, a plurality of second heat transfer tubes that extend
in the horizontal direction to allow the refrigerant to cir-
culatetherein, and are arranged at intervalsin the vertical
direction, a second header section that is connected to
one end of each of the plurality of second heat transfer
tubes in a communicating state, a first connecting tube
that connects a lower portion of the first header section
and an upper portion of the second header section to-
gether, and a second connecting tube that connects an
upper portion of the first header section and a lower por-
tion of the second header section together.

[0010] Insuch a heatexchanger, for example, a refrig-
erant with a high liquid phase content and a high density,
out of gas-liquid two phase refrigerants introduced in the
first header section via the first heat transfer tubes, is
introduced into the first connecting tube connected to the
lower portion of the first header section. For this reason,
the refrigerant with a high density is supplied to the upper
portion of the second header section via the first con-
necting tube. On the other hand, a refrigerant with a high
gas phase content and a low density, out of gas-liquid
two phase refrigerants introduced in the first header sec-
tion, is introduced into the second connecting tube con-
nected to the upper portion of the first header section.
For this reason, the refrigerant with a low density is sup-
plied to the lower portion of the second header section
via the second connecting tube.

[0011] Consequently, in the second header section,
the refrigerant with a high liquid phase content pours
down from the upper portion and the refrigerant with a
high gas phase content is blown upwards from the lower
portion. For this reason, the liquid phase content and the
gas phase content are caused to be mixed, and a refrig-
erant density over the entire area in the second header
section in the vertical direction is homogenized. Thus,
the uniformization of distributions of refrigerants supplied
to the plurality of heat transfer tubes connected to the
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second header section can be achieved.

[0012] The heat exchanger may further include a sec-
ond header partition plate that partitions a space in the
second header section into a second upper region com-
municating with the first connecting tube and a second
lower region communicating with the second connecting
tube and has a communication-hole formed vertically
therethrough.

[0013] Consequently, a refrigerant with a high liquid
phase content introduced from the upper portion of the
second header section temporarily stays in the second
upper region. On the other hand, a refrigerant with a high
gas phase content introduced from the lower portion of
the second header section is blown upwards to the sec-
ond upper region via the communication-hole. Accord-
ingly, in the upper portion of the second header section,
a gas phase content does not become excessive. That
is, the mixing of a gas phase content and a liquid phase
content can be caused.

[0014] The heat exchanger may further include a first
header partition plate that partitions a space in the first
header section into a first lower region communicating
with the first connecting tube and a first upper region
communicating with the second connecting tube.
[0015] Aliquid-gas ratio of arefrigerantintroduced into
the first header section via the first heat transfer tubes is
different for each of the first heat transfer tubes. In par-
ticular, arefrigerantintroduced from the first heat transfer
tubes positioned on the upper side into the first header
section has a higher gas phase content, and a refrigerant
introduced from the first heat transfer tubes positioned
onthe lower side into the firstheader section has a higher
liquid phase content. For this reason, since the first head-
er partition plate partitions the first header section into
the first lower region and the second upper region, the
gas phase-liquid phase ratios of refrigerants supplied to
the lower portion and the upper portion of the second
header section via the first connecting tube and the sec-
ond connecting tube can be stabilized. In addition, the
gas-liquid ratios or flow rates of refrigerants supplied to
the lower portion and the upper portion of the second
header section can be adjusted so as to be desired values
by adjusting the vertical position of the first header par-
tition plate.

[0016] In the heat exchanger, at least one of the first
connecting tube and the second connecting tube may
have a flat tubular shape in which a plurality of flow pas-
sages are arranged at intervals.

[0017] Accordingly, a large amount of refrigerants cir-
culating inside can be secured and a pressure loss of a
refrigerant can be reduced, compared to, for example,
the first connecting tube and the second connecting tube
having circular sections.

[0018] In the heat exchanger, a header is further in-
cluded, the header may have a header body, which has
acylindrical shape extending in the vertical direction, and
a main partition plate which partitions an inside of the
header body into upper and lower parts, the first header
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section may be a portion below the main partition plate
in the header body, and the second header section may
be a portion above the main partition plate in the header
body.

[0019] The heatexchangerhaving the firstheadersec-
tion and the second header section can be easily config-
ured by forming the first header section and the second
header section with the main partition plate in one header.
[0020] In addition, oil separated out from a refrigerant
isled to the first header section via the second connecting
tube without being stored in the second header section.
Consequently, the oil can be mixed again in the refriger-
ant. Therefore, itis possible to suppress the insufficiency
of oil in the refrigerant.

[0021] According to a second aspect of the invention,
there is provided an air conditioner including any one of
the heat exchangers described above.

[0022] Accordingly, a decrease in a heat exchange
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

[0023] The heat exchanger and the air conditioner ac-
cording to one aspect of the invention can achieve the
suppression of an efficiency decrease.

Brief Description of Drawings
[0024]

Fig. 1 is an overall configuration view of an air con-
ditioner according to afirst 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 view for illustrating an operational effect
in a case where the heat exchanger according to the
first embodiment of the invention is used as an evap-
orator.

Fig. 5 is a view for illustrating an operational effect
in a case where the heat exchanger according to the
first embodiment of the invention is used as a con-
denser.

Fig. 6 is a perspective view of a heat exchanger ac-
cording to a second embodiment of the invention.
Fig. 7 is a longitudinal sectional view of the heat ex-
changer according to the second embodiment of the
invention.

Fig. 8 is a perspective view of a heat exchanger ac-
cording to a third embodiment of the invention.

Fig. 9 is a view for illustrating an operational effect
in a case where the heat exchanger according to the
third embodiment of the inventionis used as an evap-
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orator.

Fig. 10 is a view for illustrating an operational effect
in a case where the heat exchanger according to the
third embodiment of the invention is used as a con-
denser.

Fig. 11 is a perspective view of a first connecting
tube and a second connecting tube of a heat ex-
changer according to a fourth embodiment of the in-
vention.

Fig. 12 is a sectional view of a heat exchanger ac-
cording to a first modification example of the embod-
iment of the invention.

Fig. 13 is a sectional view of a heat exchanger ac-
cording to a second modification example of the em-
bodiment of the invention.

Fig. 14 is a sectional view of a heat exchanger ac-
cording to a third modification example of the em-
bodiment of the invention.

Fig. 15 is a sectional view of a heat exchanger ac-
cording to a fourth modification example of the em-
bodiment of the invention.

Description of Embodiments

[0025] Hereinafter, an air conditioner including a heat
exchanger according to a first embodiment of the inven-
tion will be described with reference to Figs. 1 to 5.
[0026] 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. The air conditioner 1 configures a refrigerant
circuit with the elements described above.

[0027] The compressor 2 compresses a refrigerant
and supplies the compressed refrigerant to the refriger-
ant circuit.

[0028] 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
heatfrom the inside during cooling operation, and is used
asacondensertoradiate heatto the inside during heating
operation. The outdoor heat exchanger 5 performs heat
exchange between the refrigerant and outdoor air.
[0029] The expansion valve 4 reduces a pressure by
expanding the high-pressure refrigerant liquefied by the
condenser exchanging heat.

[0030] The outdoor heat exchanger 5 is used as a con-
denser to radiate heat to the outside during cooling op-
eration and is used as an evaporator to absorb heat from
the outside during heating operation.

[0031] 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
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2, the indoor heat exchanger 3, the expansion valve 4,
and the outdoor heat exchanger 5 in this order during
heating operation.

[0032] 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 Figs. 2
to 5.

[0033] The heatexchangers 10 eachinclude a plurality
of heat transfer tubes 20, a plurality of fins 23, a pair of
headers 30, a first connecting tube 55, and a second
connecting tube 56.

[0034] 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.

[0035] 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
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.

[0036] Thefins 23 each are disposed between the heat
transfer tubes 20 arranged as described above. The fins
23 of the embodiment extend in a so-called corrugated
shape so as to be alternately in contact with the vertically
nearby heat transfer tubes 20 as facing the extending
direction of each of the heat transfer tubes 20. Without
being limited thereto, the shapes of the fins 23 may be
any shape insofar as the fins are provided so as to pro-
trude from outer peripheral surfaces of the heat transfer
tubes 20.

[0037] 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
from the extending direction of the heat transfer tubes
20. One header of the pair of headers 30 is an entrance
side header 40, which is an entrance for a refrigerant
from the outside to the heat exchanger 10. In addition,
the other header is a turnback side header 50 for a re-
frigerant to turn back in the heat exchanger 10.

[0038] The entrance side header 40 is a cylindrical
member extending in the vertical direction, and an upper
end and a lower end of the entrance side header are
closed. The entrance side header 40 is partitioned into
two upper and lower regions with a partition plate 41. In
the entrance side header 40, 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 side header 40. The lower entry region
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42 and the upper entry region 43 each are connected to
the pipe 7 configuring the refrigerant circuit.

[0039] Herein, out of the plurality of heat transfer tubes
20 connected to the entrance side header 40, 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 communicating state are
set as second heat transfer tubes 22.

[0040] The turnback side header 50 includes a header
body 51 and a main partition plate 54.

[0041] 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 plate 54 is provided in the header body 51, and
partitions a space in the header body 51 into two upper
and lower regions. A portion below the main partition
plate 54 of the header body 51 is set as a first header
section 52, and a portion above the main partition plate
54 of the header body 51 is set as a second header sec-
tion 53. That s, in the embodiment, the first header sec-
tion 52 and the second header section 53 each of which
has a space therein are formed in the turnback side head-
er50bytheinside of the headerbody 51 being partitioned
with the main partition plate 54. In other words, the turn-
back side header 50 is configured with the first header
section 52 and the second header section 53.

[0042] The first heat transfer tubes 21 each are con-
nected to the first header section 52 so as to be in a
communicating state with the inside of the first header
section 52. The second heat transfer tubes 22 each are
connected to the second header section 53 so as to be
in a communicating state with the second header section
53. In other words, the heat transfer tubes 20 connected
to the first header section 52 are set as the first heat
transfer tubes 21, and the heat transfer tubes 20 con-
nected to the second header section 53 are set as the
second heat transfer tubes 22. The second heat transfer
tubes 22 are provided more than the first heat transfer
tubes 21 in the embodiment. Without being limited there-
to, however, the first heat transfer tubes 21 may be pro-
vided more than the second heat transfer tubes 22. In
addition, the same number of the first heat transfer tubes
21 and the second heat transfer tubes 22 may be pro-
vided.

[0043] Thefirstconnecting tube 55isatubularmember
in which a flow passage is formed. One end of the first
connecting tube is connected to the first header section
52 in a communicating state with the inside of the first
header section 52, and the other end is connected to the
second header section 53 in a communicating state with
the inside of the second header section 53. More specif-
ically, one end of the first connecting tube 55 is connected
to a lower portion of the first header section 52. On the
other hand, the other end of the first connecting tube 55
is connected to an upper portion of the second header
section 53.

[0044] Herein, it is preferable that one end of the first
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connecting tube 55 be connected to the first header sec-
tion 52 at a position (position where at least a part of the
first connecting tube overlaps when seen from the hori-
zontal direction) where at least a part of the first connect-
ing tube overlaps a connection point of the first heat trans-
fer tube 21, which is positioned the lowermost, out of the
plurality of first heat transfer tubes 21 connected to the
first header section 52, to the first header section 52 in
the vertical direction.

[0045] In addition, it is preferable that the other end of
the first connecting tube 55 be connected to the second
header section 53 at a position (position where at least
a part of the first connecting tube overlaps when seen
from the horizontal direction) where at least a part of the
first connecting tube overlaps a connection point of the
second heat transfer tube 22, which is positioned the
uppermost, out of the plurality of second heat transfer
tubes 22 connected to the second header section 53, to
the second header section 53 in the vertical direction.
[0046] The second connecting tube 56 is a tubular
member in which a flow passage is formed. As the first
connecting tube 55, one end of the second connecting
tube is connected to the first header section 52 in a com-
municating state with the inside of the first header section
52, and the other end is connected to the second header
section 53 in a communicating state with the inside of
the second header section 53. On the other hand, unlike
the first connecting tube 55, one end of the second con-
necting tube 56 is connected to an upper portion of the
first header section 52 and the other end is connected to
a lower portion of the second header section 53.

[0047] It is sufficient that one end of the second con-
necting tube 56 is connected to the first header section
52 higher than one end of the first connecting tube 55 is
connected. In addition, it is sufficient that the other end
of the second connecting tube 56 is connected to the
second header section 53 lower than the other end of
the first connecting tube 55 is connected.

[0048] Itis preferable that one end of the second con-
necting tube 56 be connected to the first header section
52 at a position (position where at least a part of the
second connecting tube overlaps when seen from the
horizontal direction) where at least a part of the second
connecting tube overlaps a connection point of the first
heat transfer tube 21, which is positioned the uppermost,
out of the plurality of first heat transfer tubes 21 connected
to the first header section 52, to the first header section
52 in the vertical direction.

[0049] In addition, it is preferable that the other end of
the second connecting tube 56 be connected to the sec-
ond header section 53 at a position (position where at
least a part of the second connecting tube overlaps when
seen from the horizontal direction) where at least a part
of the second connecting tube overlaps a connection
point of the second heat transfer tube 22, which is posi-
tioned the lowermost, out of the plurality of second heat
transfer tubes 22 connected to the second header section
53, to the second header section 53 in the vertical direc-
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tion.

[0050] Next, operation and effects in a case where the
heat exchanger 10 is used as an evaporator will be de-
scribed.

[0051] 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.

[0052] When the heat exchanger 10 is used as an
evaporator, a liquid phase refrigerant is supplied from
the pipe 7 to the lower entry region 42 of the entrance
side header 40 illustrated in Fig. 2. The refrigerant is di-
vided and supplied to the plurality of first heat transfer
tubes 21 in the lower entry region 42, and exchanges
heatwith the external atmosphere of the first heat transfer
tubes 21 in the process of circulating in the first heat
transfer tubes 21, thereby causing evaporation. Conse-
quently, the refrigerant supplied from the first heat trans-
fertubes 21 into the first header section 52 of the turnback
side header 50 becomes a gas-liquid two phase refrig-
erant, in which a liquid phase and a gas phase are mixed,
by some of the refrigerant changing from the liquid phase
to the gas phase.

[0053] As illustrated in Fig. 4, out of the gas-liquid two
phase refrigerant supplied into the first header section
52, a refrigerant with a high liquid phase content and a
high density gathers atthe lower portion of the first header
section 52 due to gravity, and a refrigerant with a high
gas phase content and a low density gathers at the upper
portion of the first header section 52. As a consequence,
the refrigerant with a high liquid phase content is intro-
duced into the first connecting tube 55 connected to the
lower portion of the first header section 52, and is intro-
duced into the second header section 53 via the first con-
necting tube 55. On the other hand, the refrigerant with
a high gas phase content is introduced into the second
connecting tube 56 connected to the upper portion of the
first header section 52, and is introduced into the second
header section 53 via the second connecting tube 56.
[0054] Consequently, the refrigerant with a high liquid
phase content is supplied to the upper portion of the sec-
ond header section 53 connected to the first connecting
tube 55. In the second header section 53, the refrigerant
with a high liquid phase content pours down from the
upper portion to the lower portion. On the other hand, the
refrigerant with a high gas phase content is supplied to
the lower portion of the second header section 53 con-
nected to the second connecting tube 56. In the second
header section 53, the refrigerant with a high gas phase
content is blown upwards from the lower portion. As a
consequence, the refrigerant with a high gas phase con-
tent and the refrigerant with a high liquid phase content
are mixed together in the second header section 53, and
thus the homogenization of a gas-liquid ratio of a refrig-
erantin the entire second header section 53 is achieved.
Consequently, therefrigerant of which the gas-liquid ratio
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is homogenized is supplied to each of the plurality of sec-
ond heattransfertubes 22 connected to the second head-
er section 53.

[0055] Then, the refrigerant again causes evaporation
by exchanging heat with the external atmosphere of the
second heattransfertubes 22 inthe process of circulating
in the second heat transfer tubes 22. Consequently, in
the second heat transfer tubes 22, the remaining liquid
phase in the refrigerant changes to the gas phase and
thus 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 introduced from the upper
entry region 43 to the pipe 7, thereby circulating in the
refrigerant circuit.

[0056] As described above, in the heat exchanger 10
of the embodiment, while arefrigerant with a high density,
which includes a high liquid phase content, in the first
header section 52 is supplied to the upper portion of the
second header section 53 via the first connecting tube
55, arefrigerant with a low density, which includes a high
gas phase content, in the first header section 52 is sup-
plied to the lower portion of the second header section
53 via the second connecting tube 56. For this reason,
the positions of refrigerants with a high density and a low
density are vertically inverted in the second header sec-
tion 53 compared to the first header section 52. Conse-
quently, in the second header section 53, while a refrig-
erant with a high density moves downwards due to grav-
ity, a refrigerant with a low density moves upwards.
Therefore, after causing refrigerants which have different
densities to be mixed, the refrigerant can be led to the
second heat transfer tubes 22. Thus, the uniformization
of distributions of refrigerants supplied to the plurality of
heat transfer tubes 20 connected to the second header
section 53 can be achieved. As a consequence, the flow
rate of a liquid phase refrigerant circulating in the second
heat transfer tubes 22 is homogenized regardless of the
vertical position of each of the second heat transfer tubes
22. Therefore, a performance decrease of the heat ex-
changer 10 can be suppressed.

[0057] Next, operation and effects in a case where the
heat exchanger 10 is used as a condenser will be de-
scribed.

[0058] In a case where the heat exchanger 10 is the
indoor heat exchanger 3, the air conditioner 1 is used as
a condenser during heating operation, and in a case
where the heat exchanger is the outdoor heat exchanger
5, the air conditioner 1 is used as a condenser during
cooling operation.

[0059] When the heat exchanger 10 is used as a con-
denser, a gas phase refrigerant is supplied from the pipe
7 to the upper entry region 43 of the entrance side header
40 illustrated in Fig. 2. The refrigerant is divided and sup-
plied to the plurality of second heat transfer tubes 22 in
the upper entry region 43, and exchanges heat with the
external atmosphere of the second heat transfer tubes
22 inthe process of circulating in the second heat transfer
tubes 22, thereby causing condensation. Consequently,
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the refrigerant supplied from the second heat transfer
tubes 22 into the second header section 53 of the turn-
back side header 50 becomes a gas-liquid two phase
refrigerant, in which a liquid phase and a gas phase are
mixed, by some of the refrigerant changing from the gas
phase to the liquid phase.

[0060] As illustrated in Fig. 5, out of gas-liquid two
phase refrigerant supplied into the second header sec-
tion 53, a refrigerant with a high liquid phase content and
a high density gathers at the lower portion of the second
header section 53 due to gravity, and a refrigerant with
a high gas phase content and a low density gathers at
the upper portion of the second header section 53. As a
consequence, the refrigerant with a high gas phase con-
tent is introduced into the first connecting tube 55 con-
nected to the upper portion of the second header section
53, and is introduced into the lower portion of the first
header section 52 via the first connecting tube 55. On
the other hand, the refrigerant with a high liquid phase
content is introduced into the second connecting tube 56
connected to the lower portion of the second header sec-
tion 53, and is introduced into the upper portion of the
first header section 52 via the second connecting tube
56. Accordingly, in the first header section 52, the ho-
mogenization of a gas-liquid ratio of a refrigerant in the
entire first header section 52 is achieved, asin the second
header section 53 in a case where the heat exchanger
10 is used as an evaporator.

[0061] Herein, in a case where the heat exchanger 10
is used as a condenser, the flow rate in each of the plu-
rality of first heat transfer tubes 21 to which the refrigerant
is supplied from the firstheader section 52 becomes high-
er as head differences (heights of the first heat transfer
tubes 21 in the entrance side header 40) of the first heat
transfer tubes 21 become larger. For this reason, a cool-
ing effect from external atmosphere is small in the first
heat transfer tubes 21 with low flow rates, and a cooling
effect from external atmosphere is larger in the first heat
transfer tubes 21 with high flow rates. When variations
in a cooling effect caused by each of the first heat transfer
tubes 21 occur as described above, a performance de-
crease of the entire heat exchanger 10 is caused.
[0062] In a case where a gas phase content is high in
the upper portion of the first header section 52, a cooling
effect in the first heat transfer tubes 21 disposed on the
upper side is small. Therefore, a refrigerant cannot be
sufficiently condensed. On the other hand, in a case
where a liquid phase content is high in the lower portion
of the first header section 52, a cooling effect in the first
heattransfer tubes 21 disposed on the lower side is large.
Therefore, a refrigerant is overcooled.

[0063] For this reason, since the homogenization of a
gas-liquid ratio in the first header section 52 is achieved
as described above in the embodiment, the inconven-
ience can be suppressed in a case where the heat ex-
changer 10 is used as a condenser.

[0064] Even in a case where the heat exchanger 10 is
used as any one of an evaporator and a condenser, the
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lower portion of the turnback side header 50 is set as the
first header section 52 and the upper portion of the turn-
back side header is set as the second header section 53
in the embodiment. Therefore, oil separated out from a
refrigerant can be introduced into the first header section
52 via the second connecting tube 56 without staying in
the lower portion of the second header section 53. Ac-
cordingly, since the oil is mixed with the refrigerant in the
first header section 52, the insufficiency of oil in a refrig-
erant can be avoided when carrying out a refrigerating
cycle in the refrigerant circuit.

[0065] Next, a heat exchanger 60 according to a sec-
ond embodiment of the invention will be described with
reference to Fig. 6 and Fig. 7. In the second 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.

[0066] As illustrated in Fig. 6 and Fig. 7, the heat ex-
changer 60 of the second embodiment is different from
the first embodiment in that the turnback side header 50
further includes a second header partition plate 61.
[0067] The second header partition plate 61 partitions
a space in the second header section 53 into two upper
and lower regions. A lower region, out of the two regions,
is set as a second lower region 63, and an upper region
is set as a second upper region 64. The second lower
region 63 and the second upper region 64 each commu-
nicate with the second heat transfer tubes 22. In addition,
the second lower region 63 communicates with the other
end of the second connecting tube 56, and the second
upper region 64 communicates with the other end of the
first connecting tube 55.

[0068] Thesecondheaderpartitionplate 61 hasacom-
munication-hole 62 formed in the vertical direction. The
second lower region 63 and the second upper region 64
are in a communicating state with each other via the com-
munication-hole 62 at a portion in the horizontal direction.
In other words, the second header partition plate 61 is
formed so as to protrude from inner peripheral surfaces
of the header body 51 to the inside such that a commu-
nicating state between the second lower region 63 and
the second upper region 64 is allowed at a part in the
horizontal direction.

[0069] The communication-hole 62 may be formed in
the middle of the second header partition plate 61 in the
horizontal direction, or may be formed off the middle.
[0070] In the heat exchanger 60 including such a sec-
ond header partition plate 61, a gas and a liquid in the
second header section 53 can be mixed more effectively
than in the heat exchanger 10 of the first embodiment in
a case where the heat exchanger 60 is used in particular
as an evaporator.

[0071] Thatis, in the case of the heat exchanger 10 of
the firstembodiment, arefrigerantwith a high liquid phase
content and a high density, which is supplied from the
upper portion of the second header section 53, falls quick-
ly down to the lower portion of the second header section
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53 due to gravity. Therefore, a liquid phase content be-
comes higher in the lower portion of the second header
section 53 in some cases.

[0072] In particular, this is more conspicuous in a case
where the amount of a refrigerant supplied from the upper
portion of the second header section 53 is large.

[0073] Onthe contrary, since there is the second head-
er partition plate 61 in the embodiment, a refrigerant with
a high liquid phase content introduced from the upper
portion of the second header section 53 temporarily stays
in the second upper region 64 instead of moving quickly
to the lower portion of the second header section 53.
Since the refrigerant with a high gas phase content in-
troduced from the lower portion of the second header
section 53 is blown upwards to the second upper region
64 via the communication-hole 62, a gas phase content
can be stably supplied to the second upper region 64.
Accordingly, it can be suppressed that a liquid phase
content becomes excessive in the second lower region
63 of the second header section 53, and it can be sup-
pressed that a gas phase content becomes excessive in
the second upper region 64. Accordingly, the mixing of
a gas phase content and a liquid phase content can be
caused more efficiently in the entire second header sec-
tion 53.

[0074] Although an example in which one second
header partition plate 61 is provided in the second header
section 53 is described in the embodiment, a plurality of
the second header partition plates 61 may be provided
at intervals in the vertical direction in the second header
section 53. It is preferable that each of a plurality of ver-
tically partitioned regions communicate with the second
heat transfer tubes 22. In addition, it is preferable that
the other end of the second connecting tube 56 be con-
nected to the lowermost region, out of the plurality of
regions, and the other end of the first connecting tube 55
be connected to the uppermost region.

[0075] In a case where the plurality of second header
partition plates 61 are provided, it is preferable that the
communication-holes 62 formed in the respective sec-
ond header partition plates 61 be formed at positions
where the communication-holes do not overlap each oth-
er when seen from the vertical direction. Accordingly, a
liquid phase content can be caused to stay in each region
more effectively, and it is possible to mix a gas and a
liquid more efficiently in each region.

[0076] Next, a heat exchanger 70 according to a third
embodiment of the invention will be described with ref-
erence 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 first
embodiment, and the detailed description thereof will be
omitted.

[0077] As illustrated in Fig. 8 to Fig. 10, the heat ex-
changer 70 of the third embodiment is different from the
first embodiment in that the turnback side header 50 fur-
ther includes a first header partition plate 71.

[0078] The first header partition plate 71 partitions a
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space in the first header section 52 into two upper and
lower regions. A lower region, out of the two regions, is
set as a first lower region 72, and an upper region is set
as a first upper region 73. The first lower region 72 and
the first upper region 73 each communicate with the first
heat transfer tubes 21. In addition, the first lower region
72 communicates with one end of the first connecting
tube 55, and the first upper region 73 communicates with
one end of the second connecting tube 56.

[0079] The first lower region 72 and the first upper re-
gion 73 are in a state of not communicating with each
other in the first header section 52.

[0080] An operational effect in a case where the heat
exchanger 70 according to the third embodiment of the
invention is used as an evaporator will be described.
[0081] Aliquid-gas ratio of a refrigerant introduced into
the first header section 52 via the first heat transfer tubes
21 is different for each of the first heat transfer tubes 21.
In particular, as illustrated in Fig. 9, a refrigerant intro-
duced from the first heat transfer tubes 21 positioned on
the upper side into the first header section 52 has a higher
gas phase content, and a refrigerant introduced from the
first heat transfer tubes 21 positioned on the lower side
into the first header section 52 has a higher liquid phase
content. For this reason, since the first header partition
plate 71 partitions the first header section 52 into the first
lower region 72 and the first upper region 73, the gas
phase-liquid phase ratios of refrigerants supplied to the
lower portion and the upper portion of the second header
section 53 via the first connecting tube 55 and the second
connecting tube 56 can be stabilized.

[0082] In addition, the gas-liquid ratios or flow rates of
refrigerants supplied to the lower portion and the upper
portion of the second header section 53 can be adjusted
so as to be desired values by adjusting the vertical posi-
tion of the first header partition plate 71.

[0083] Next, an operational effect in a case where the
heat exchanger 70 according to the third embodiment of
the invention is used as a condenser will be described.
[0084] Inthe embodiment, a refrigerant with a high gas
phase content is supplied to the first lower region 72 of
the first header section 52, and a refrigerant with a high
liquid phase content is supplied to the first upper region
73.

[0085] For this reason, in a case where the flow rates
of the first heat transfer tubes 21 positioned on the lower
side, out of the plurality of first heat transfer tubes 21, are
low and a cooling effect is relatively large due to a differ-
ence in the headers 30 as described above, a refrigerant
circulating in that first heat transfer tubes 21 has a high
gas phase content. Therefore, the refrigerant can be ap-
propriately condensed without overcooling. On the other
hand, even in a case where the flow rates of the first heat
transfer tubes 21 positioned on the upper portion, out of
the plurality of first heat transfer tubes 21, are high and
a cooling effect is relatively small due to a difference in
the headers 30, a refrigerant circulating in that first heat
transfer tubes 21 already has a high condensed liquid
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phase content. Therefore, there is no inconvenience.
[0086] Thus, a refrigerant can be more efficiently con-
densed in the entire heat exchanger 70.

[0087] Next, a heat exchanger 80 according to a fourth
embodiment of the invention will be described with ref-
erence to Fig. 11. The heat exchanger 80 of the fourth
embodiment is different from the first to third embodi-
ments in that the shapes of a first connecting tube 81 and
a second connecting tube 82 are flat tubular as illustrated
in Fig. 11.

[0088] Thatis, the firstconnecting tube 81 and the sec-
ond connecting tube 82 of the fourth embodiment are
connected to the first header section 52 and the second
header section 53 as the first connecting tube 55 and
second connecting tube 56 of the firstembodiment to the
third embodiment, and have the same structure as the
heat transfer tubes 20 of the first to third embodiments,
thatis, the first connecting tube and the second connect-
ing tube have a flat tubular shape having a plurality of
flow passages arranged at intervals in one direction
therein. For this reason, in the first connecting tube 81
and the second connecting tube 82 of the fourth embod-
iment, a large amount of refrigerants circulating inside
can be secured and a pressure loss of a refrigerant can
be reduced, compared to the first connecting tube 55 and
the second connecting tube 56 having circular sections
of the first to third embodiments.

[0089] 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.

[0090] An example in which the first header section 52
and the second header section 53 are formed integrally
with the header body 51 of the turnback side header 50
is described in the embodiments. Without being limited
thereto, however, for example, the first header section
52 and the second header section 53 may be disposed
independently of each other, as in a first modification
example illustrated in Fig. 12. In this case, the first con-
necting tube 55 and the second connecting tube 56 are
connected to the first header section 52 and the second
header section 53 such that the first connecting tube and
the second connecting tube cross each other. Although
the first header section 52 and the second header section
53 are disposed at the same vertical position in the first
modification example, the first header section and the
second header section may be disposed at vertical po-
sitions different from each other.

[0091] For example, as in a second modification ex-
ample illustrated in Fig. 13, the turnback side header 50
may be configured to be provided with two sets of the
first header sections 52 and the second header sections
53, and the entrance side header 40 may be configured
to be provided with a set of the first header section 52
and the second header section 53 such that a configu-
ration where a refrigerant, which has returned to the en-
trance side header 40, is again supplied to the turnback
side header 50 and then returns to the entrance side
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header 40 is adopted.

[0092] Forexample, as in a third modification example
illustrated in Fig. 14, the heat exchanger 10 of the em-
bodiment may be configured such that the first header
section and the second header section are vertically dis-
posed for each of two stages.

[0093] In addition, for example, as in a fourth modifi-
cation example illustrated in Fig. 15, a configuration, in
which the vertically adjacent first header sections 52 and
the vertically adjacent second header sections 53 are
provided in the turnback side header 50, the first header
sections 52 and the second header sections 53 are pro-
vided such that the first header sections 52 and the sec-
ond header sections 53 are vertically sandwiched, and
the inside of the entrance side header 40 is partitioned
so as to correspond thereto, may be adopted.

Industrial Applicability

[0094] The heat exchanger and the air conditioner ac-
cording to one aspect of the invention can achieve the
suppression of an efficiency decrease.

Reference Signs List
[0095]

air conditioner
compressor
indoor heat exchanger
expansion valve
outdoor heat exchanger
four-way valve
pipe

0 heat exchanger

20  heat transfer tube

21 first heat transfer tube

22  second heat transfer tube

23 fin

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 section

53  second header section

54 main partition plate

55  first connecting tube

56  second connecting tube

60 heat exchanger

61  second header partition plate

62 communication-hole

63 second lower region

64  second upper region

70  heat exchanger

71  first header partition plate

2= NO O~ WON -
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72  first lower region

73  first upper region

80 heat exchanger

81 first connecting tube

82  second connecting tube
Claims

1. A heat exchanger comprising:

a plurality of first heat transfer tubes that extend
in a horizontal direction to allow a refrigerant to
circulate therein, and are arranged at intervals
in a vertical direction;

afirstheader section that has a cylindrical shape
extending in use in the vertical direction and is
connected to one end of each of the plurality of
first heat transfer tubes in a communicating
state;

a plurality of second heat transfer tubes that ex-
tend in the horizontal direction to allow the re-
frigerant to circulate therein, and are arranged
at intervals in the vertical direction;

a second header section that is connected to
one end of each of the plurality of second heat
transfer tubes in a communicating state; char-
acterised by

afirst connecting tube that connects a lower por-
tion of the first header section and an upper por-
tion of the second header section together; and
a second connecting tube that connects an up-
per portion of the first header section and a lower
portion of the second header section together.

The heat exchanger according to Claim 1, further
comprising:

a second header partition plate that partitions a
space in the second header section into a second
upper region communicating with the first connecting
tube and a second lower region communicating with
the second connecting tube and has a communica-
tion-hole formed vertically therethrough.

The heatexchanger accordingto Claim 1 or 2, further
comprising:

a first header partition plate that partitions a space
in the first header section into a first lower region
communicating with the first connecting tube and a
first upper region communicating with the second
connecting tube.

The heat exchanger according to any one of Claims
1to 3,

wherein at least one of the first connecting tube and
the second connecting tube has a flat tubular shape
having a plurality of flow passages arranged at in-
tervals therein.
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10

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

a header,

wherein the header has a header body, which
has a cylindrical shape extending in the vertical
direction, and a main partition plate which par-
titions an inside of the header body into upper
and lower parts,

the first header section is a portion below the
main partition plate in the header body, and
the second header section is a portion above
the main partition plate in the header body.

6. An air conditioner comprising the heat exchanger

according to any one of Claims 1 to 5.

Patentanspriiche

Warmetauscher, umfassend:

eine Mehrzahl von ersten Warmeubertragungs-
rohren, die sich in einer horizontalen Richtung
erstrecken, damit ein Kaltemittel darin zirkulie-
ren kann, und die in Abstanden in einer vertika-
len Richtung angeordnet sind;

einen ersten Kopfabschnitt, der eine zylindri-
sche Form aufweist, die sich im Gebrauch in der
vertikalen Richtung erstreckt und mit einem En-
de jedes der Mehrzahl von ersten Warmelber-
tragungsrohren in einem Verbindungszustand
verbunden ist;

eine Mehrzahl von zweiten Warmelbertra-
gungsrohren, die sich in der horizontalen Rich-
tung erstrecken, damit das Kaltemittel darin zir-
kulieren kann, und die in Abstanden in der ver-
tikalen Richtung angeordnet sind;

einen zweiten Kopfabschnitt, der mit einem En-
de jedes der Mehrzahl von zweiten Warmeduber-
tragungsrohren in einem Verbindungszustand
verbunden ist; gekennzeichnet durch

ein erstes Verbindungsrohr, das einen unteren
Abschnitt des ersten Kopfabschnitts und einen
oberen Abschnitt des zweiten Kopfabschnitts
miteinander verbindet; und

ein zweites Verbindungsrohr, das einen oberen
Abschnitt des ersten Kopfabschnitts und einen
unteren Abschnitt des zweiten Kopfabschnitts
miteinander verbindet.

Warmetauscher nach Anspruch 1, ferner umfas-
send:

eine zweite Kopftrennplatte, die einen Raum im
zweiten Kopfabschnitt in einen zweiten oberen Be-
reich unterteilt, der mit dem ersten Verbindungsrohr
verbunden ist, und einen zweiten unteren Bereich,
der mit dem zweiten Verbindungsrohr verbunden ist
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und ein vertikal durchgehend geformtes Verbin-
dungsloch aufweist.

Warmetauscher nach Anspruch 1 oder 2, ferner um-
fassend:

eine erste Kopftrennplatte, die einen Raumim ersten
Kopfabschnitt in einen ersten unteren Bereich unter-
teilt, der mit dem ersten Verbindungsrohr verbunden
ist, und einen ersten oberen Bereich, der mit dem
zweiten Verbindungsrohr verbunden ist.

Warmetauscher nach einem der Anspriiche 1 bis 3,
wobei zumindest eines des ersten Verbindungsrohrs
und des zweiten Verbindungsrohrs eine flache rohr-
férmige Form mit einer Mehrzahl von Strémungs-
durchgdngen aufweist, die in Abstanden darin an-
geordnet sind.

Warmetauscher nach einem der Anspriiche 1 bis 4,
ferner umfassend:

einen Kopfteil,

wobei der Kopfteil einen Kopfkdrper aufweist,
der eine zylindrische Form hat, die sich in der
vertikalen Richtung erstreckt, und eine Haupt-
trennplatte, die eine Innenseite des Kopfkorpers
in obere und untere Teile unterteilt,

der erste Kopfabschnitt ein Abschnitt unterhalb
der Haupttrennplatte im Kopfkérper ist, und
der zweite Kopfabschnitt ein Abschnitt oberhalb
der Haupttrennplatte im Kopfkorper ist.

Klimaanlage umfassend den Warmeaustauscher
nach einem der Anspriiche 1 bis 5.

Revendications

Echangeur de chaleur comprenant :

une pluralité de premiers tubes de transfert ther-
mique qui s’étendent dans une direction hori-
zontale pour permettre la circulation d’un réfri-
gérant a l'intérieur de ceux-ci, et sont agencés
a des intervalles dans une direction verticale ;
une premiére section de téte qui a une forme
cylindrique s’étendant, a I'utilisation, dans la di-
rection verticale et qui est reliée a une extrémité
de chacundes tubes de la pluralité des premiers
tubes de transfert thermique dans un état en
communication ;

une pluralité de seconds tubes de transfert ther-
mique qui s’étendent dans la direction horizon-
tale pour permettre la circulation du réfrigérant
a l'intérieur de ceux-ci, et sont agencés a des
intervalles dans la direction verticale ;

une seconde section de téte qui est reliée a une
extrémité de chacun des tubes de la pluralité
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des seconds tubes de transfert thermique dans
un état en communication ;

caractérisé par

un premier tube de liaison qui relie une partie
inférieure de la premiére section de téte et une
partie supérieure de la seconde section de téte ;
et

un second tube de liaison qui relie une partie
supérieure de la premiére section de téte et une
partie inférieure de la seconde section de téte.

Echangeur de chaleurselon larevendication 1, com-
prenant en outre :

une seconde plaque de cloison de téte qui divise un
espace dans la seconde section de téte en une se-
conde région supérieure communiquant avecle pre-
mier tube de liaison et une seconde région inférieure
communiquant avec le second tube de liaison et qui
a un trou de communication formé verticalement a
travers celle-ci.

Echangeur de chaleur selon la revendication 1 ou 2,
comprenant en outre :

une premiere plaque de cloison de téte qui divise un
espace dans la premiére section de téte en une pre-
miére région inférieure communiquant avec le pre-
mier tube de liaison et une premiére région supé-
rieure communiquant avec le second tube de liaison.

Echangeur de chaleur selon 'une quelconque des
revendications 1 a 3,

dans lequel au moins un tube parmi le premier tube
de liaison et le second tube de liaison a une forme
tubulaire plate ayant une pluralité de passages
d’écoulement agencés a des intervalles a I'intérieur
de celui-ci.

Echangeur de chaleur selon 'une quelconque des
revendications 1 a 4, comprenant en autre:

une téte,

dans lequel la téte a un corps de téte, qui a une
forme cylindrique s’étendant dans la direction
verticale, et une plaque de cloison principale qui
divise unintérieur du corps de téte en des parties
supérieure et inférieure,

la premiére section de téte est une partie au-
dessous de la plaque de cloison principale dans
le corps de téte, et

la seconde section de téte est une partie au-
dessus de la plaque de cloison principale dans
le corps de téte.

6. Climatiseur comprenant I'échangeur de chaleur se-

lon 'une quelconque des revendications 1 a 5.
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