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(54) HEAT EXCHANGER AND AIR CONDITIONING DEVICE

(57) A heat exchanger of one embodiment of the
present invention includes a plurality of heat transfer
tubes, an outer pipe having a plurality of connection parts
that are arranged at intervals in a longitudinal direction
and to each of which a corresponding one of the plurality
of heat transfer tubes is connected, an inner pipe pro-
vided inside the outer pipe and having a plurality of first
orifices at a periphery, and a first partition having a first
through-hole in which the inner pipe is fitted, the first
partition separating an inside of the outer pipe into a main
space and a first space. The main space is a space with
which the plurality of first orifices and the plurality of
connection parts communicate. The first space commu-
nicates with none of the plurality of first orifices and the
plurality of connection parts and is a space with which an
opening provided at one end of the inner pipe commu-
nicates, the one end being a first end. Refrigerant sup-
plied into the first space flows into an inside of the inner
pipe, the plurality of first orifices, the main space, the
plurality of connection parts, and then the plurality of heat
transfer tubes.EP
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Description

Technical Field

[0001] The present invention relates to a heat exchan-
ger including a double-pipe refrigerant distributer and to
an air-conditioning apparatus including the heat exchan-
ger.

Background Art

[0002] Some known heat exchangers include refriger-
ant distributers having a double-pipe structure (see Pa-
tent Literature 1, for example). Such a known double-pipe
refrigerant distributer includes an outer pipe, and an inner
pipe provided inside the outer pipe. The inner pipe has
orifices that are also referred to as refrigerant discharge
holes. A plurality of heat transfer tubes are connected to
the outer pipe. A two-phase gas-liquid refrigerant is dis-
tributed from the known double-pipe refrigerant distribu-
ter to the heat transfer tubes.
[0003] In this process, the two-phase refrigerant first
flows from the outside into the inner pipe. The two-phase
gas-liquid refrigerant thus flowing in the inner pipe flows
through the orifices and is discharged to a space provided
between the inner pipeand the outer pipe.The two-phase
gas-liquid refrigerant thus discharged to the space be-
tween the inner pipe and the outer pipe is distributed to
the plurality of heat transfer tubes connected to the outer
pipe.
[0004] To summarize, in the heat exchanger including
the known double-pipe refrigerant distributer, the two-
phase gas-liquid refrigerant flowing in the inner pipe is
discharged through the orifices to the space provided
between the inner pipe and the outer pipe, so that the
liquid refrigerant component of the two-phase gas-liquid
refrigerant can be distributed evenly to the heat transfer
tubes, aiming to reduce the probability of deterioration in
the heat-exchange performance of the heat exchanger.

Citation List

Patent Literature

[0005] Patent Literature 1: Japanese Unexamined Pa-
tent Application Publication
JP 2012‑ 2 475 A

Summary of the Invention

Technical Problem

[0006] The heat exchanger including the known dou-
ble-pipe refrigerant distributer, however, may experience
a deterioration of the heat-exchange performance there-
of when the liquid refrigerant component of the two-
phase gas-liquid refrigerant is unevenly distributed to
the heat transfer tubes, depending on the condition of

the two-phase gas-liquid refrigerant flowing inside the
inner pipe. Such condition may occur where the liquid
refrigerant component of the two-phase gas-liquid refrig-
erant flows unevenly inside the inner pipe.
[0007] The present invention has been conceived in
view of the above circumstances, and a first object of the
present invention is to provide a heat exchanger config-
ured to exhibit more even distribution of the liquid refrig-
erant component of the two-phase gas-liquid refrigerant
to the heat transfer tubes than in the known art. A second
object of the present invention is to provide an air-con-
ditioning apparatus including such a heat exchanger.

Solution to Problem

[0008] A heat exchanger of one embodiment of the
present invention includes a plurality of heat transfer
tubes, an outer pipe having a plurality of connection parts
that are arranged at intervals in a longitudinal direction
and to each of which a corresponding one of the plurality
of heat transfer tubes is connected, an inner pipe pro-
vided inside the outer pipe and having a plurality of first
orifices at a periphery, and a first partition having a first
through-hole in which the inner pipe is fitted, the first
partition separating an inside of the outer pipe into a main
space and a first space.
[0009] The main space is a space with which the
plurality of first orifices and the plurality of connection
parts communicate. The first space communicates with
none of the plurality of first orifices and the plurality of
connection parts and is a space with which an opening
provided at one end of the inner pipe communicates, the
one end being a first end. Refrigerant supplied into the
first space flows into an inside of the inner pipe, the
plurality of first orifices, the main space, the plurality of
connection parts, and then the plurality of heat transfer
tubes.
[0010] An air-conditioning apparatus of another embo-
diment of the present invention includes the heat ex-
changer according to the above embodiment of the pre-
sent invention.

Advantageous Effects of the Invention

[0011] In the heat exchanger according to the above
embodiment of the present invention, a gas refrigerant
component and a liquid refrigerant component of a two-
phase gas-liquid refrigerant flowing in the first space are
mixed together in the first space. The two-phase gas-
liquid refrigerant with the gas refrigerant component and
the liquid refrigerant component thereof thus mixed to-
gether is distributed to the plurality of heat transfer tubes
after flowing through the inside of the inner pipe, the first
orifices, the main space, and the connection parts of the
outer pipe. Hence, in the heat exchanger according to the
above embodiment of the present invention, the liquid
refrigerant component of the two-phase gas-liquid refrig-
erant is distributed more evenly to the heat transfer tubes
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than in the known art.

Brief Description of the Drawings

[0012]

FIG. 1 is a refrigerant circuit diagram illustrating an
air-conditioning apparatus according to Embodi-
ment 1.
FIG. 2 is a schematic side view of a heat exchanger
according to Embodiment 1, with a part thereof illu-
strated in sectional view.
FIG. 3 is a sectional view of a part, including a
refrigerant distributer, of the heat exchanger accord-
ing to Embodiment 1, taken along line A-A given in
FIG. 2.
FIG. 4 is a schematic side view of a heat exchanger
according to Embodiment 2, with a part thereof illu-
strated in sectional view.
FIG. 5 is a sectional view of a refrigerant distributer
according to Comparative Example.
FIG. 6 is a sectional view of a refrigerant distributer
according to Embodiment 2.
FIG. 7 is a sectional view of another exemplary
refrigerant distributer according to Embodiment 2.
FIG. 8 is a schematic side view of a heat exchanger
according to Embodiment 3, with a part thereof illu-
strated in sectional view.
FIG. 9 is a sectional view of a refrigerant distributer of
the heat exchanger according to Embodiment 3,
illustrating a part around a second space.
FIG. 10 is a sectional view of a part, including an
exemplary refrigerant distributer, of the heat exchan-
ger according to Embodiment 3.
FIG. 11 is a sectional view of a part, including an
exemplary refrigerant distributer, of the heat exchan-
ger according to Embodiment 3.
FIG. 12 is a schematic side view of a heat exchanger
according to Embodiment 4, with a part thereof illu-
strated in sectional view.
FIG. 13 is a schematic side view of another exemp-
lary heat exchanger according to Embodiment 4,
with a part thereof illustrated in sectional view.
FIG. 14 is a schematic side view of a heat exchanger
according to Embodiment 5, with a part thereof illu-
strated in sectional view.
FIG. 15 is a schematic side view of a heat exchanger
according to Embodiment 6, with a part thereof illu-
strated in sectional view.

Description of Embodiments

[0013] Embodiments exemplifying the heat exchanger
according to the present invention will now be described
with reference to the drawings. In Embodiment 1, an
example of the air-conditioning apparatus according to
the present invention will be described with reference to
relevant drawings. In the drawings to be referred to

below, like elements are denoted by like reference signs.
Redundant description of the embodiments is omitted, if
not necessary. The heat exchanger and the air-condition-
ing apparatus according to the present invention may
include any combination of combinable features to be
described in the following embodiments.

Embodiment 1

[Air-Conditioning Apparatus 100]

[0014] FIG. 1 is a refrigerant circuit diagram illustrating
an air-conditioning apparatus according to Embodiment
1.
[0015] The air-conditioning apparatus, 100, according
to Embodiment 1 includes a heat exchanger 1 according
to Embodiment 1. In the air-conditioning apparatus 100
exemplified in FIG. 1, the heat exchanger 1 is employed
as an outdoor heat exchanger. Specifically, the air-con-
ditioning apparatus 100 includes a compressor 101; an
indoor heat exchanger 105, which serves as a condenser
in a heating operation; an expansion valve 104, which is
configured to expand refrigerant discharged from the
condenser; and the heat exchanger 1, which is employed
as an outdoor heat exchanger that serves as an eva-
porator in the heating operation.
[0016] The compressor 101, the indoor heat exchan-
ger 105, the expansion valve 104, and the heat exchan-
ger 1 employed as an outdoor heat exchanger are con-
nected to one another by refrigerant pipes, whereby a
refrigerant circuit is formed for refrigerant to circulate
therethrough. Hereinafter, one of the refrigerant pipes
that connects between the compressor 101 and the heat
exchanger 1 is denoted as a refrigerant pipe 122, and
another one of the refrigerant pipes that connects be-
tween the expansion valve 104 and the heat exchanger 1
is denoted as a refrigerant pipe 121.
[0017] The refrigerant circuit of the air-conditioning
apparatus 100 according to Embodiment 1 further in-
cludes an accumulator 107, which is configured to accu-
mulate excess refrigerant and is provided on the suction
side of the compressor 101. The air-conditioning appa-
ratus 100 according to Embodiment 1 is also capable of
performing a cooling operation.
[0018] Therefore, the air-conditioning apparatus 100
includes a four-way valve 102. The four-way valve 102 is
configured to switch the heat exchangers to be con-
nected to the discharge port of the compressor 101
and to switch the heat exchangers to be connected to
the suction port of the compressor 101. In the cooling
operation, the indoor heat exchanger 105 serves as an
evaporator, whereas the heat exchanger 1 employed as
an outdoor heat exchanger serves as a condenser.
[0019] The above elements forming the refrigerant
circuit of the air-conditioning apparatus 100 are each
included in either an outdoor unit 111 or an indoor unit
112. Specifically, the compressor 101, the four-way valve
102, the heat exchanger 1 employed as an outdoor heat
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exchanger, and the accumulator 107 are included in the
outdoor unit 111. The indoor heat exchanger 105 and the
expansion valve 104 are included in the indoor unit 112.
The outdoor unit 111 further includes a fan 103, which is
configured to supply outdoor air to the heat exchanger 1
employed as an outdoor heat exchanger.
[0020] The indoor unit 112 further includes a fan 106,
which is configured to supply indoor air to the indoor heat
exchanger 105. The air-conditioning apparatus 100 in-
cludes at least one indoor unit 112. The air-conditioning
apparatus 100 exemplified in FIG. 1 includes three indoor
units 112. If the air-conditioning apparatus 100 includes a
plurality of indoor units 112, the indoor units 112 are, for
example, connected in parallel with each other to the
outdoor unit 111.
[0021] In the heating operation of the air-conditioning
apparatus 100, refrigerant circulates as represented by
broken-line arrows in FIG. 1. Specifically, to start the
heating operation in the air-conditioning apparatus
100, the four-way valve 102 is switched to establish a
passageway represented by broken lines in FIG. 1. Ac-
cordingly, the discharge port of the compressor 101 is
connected to the indoor heat exchanger 105, and the
suction port of the compressor 101 is connected to the
heat exchanger 1 employed as an outdoor heat exchan-
ger.
[0022] That is, the indoor heat exchanger 105 serves
as a condenser, whereas the heat exchanger 1 employed
as an outdoor heat exchanger serves as an evaporator. In
this state, a gas refrigerant compressed by the compres-
sor 101 to have a high temperature and a high pressure is
discharged from the compressor 101 and flows into the
indoor heat exchanger 105. The high-temperature high-
pressure gas refrigerant flowing in the indoor heat ex-
changer 105 condenses while rejecting heat to the indoor
air supplied from the fan 106, thereby turning into a high-
pressure liquid refrigerant, which is discharged from the
indoor heat exchanger 105. In this process, the indoor air
is heated.
[0023] The high-pressure liquid refrigerant discharged
from the indoor heat exchanger 105 flows into the ex-
pansion valve 104. The high-pressure liquid refrigerant
flowing in the expansion valve 104 is expanded by the
expansion valve 104, thereby turning into a low-tempera-
ture low-pressure two-phase gas-liquid refrigerant,
which is discharged from the expansion valve 104. The
low-temperature low-pressure two-phase gas-liquid re-
frigerant discharged from the expansion valve 104 flows
through the refrigerant pipe 121 into the heat exchanger 1
employed as an outdoor heat exchanger.
[0024] The low-temperature low-pressure two-phase
gas-liquid refrigerant flowing in the heat exchanger 1
employed as an outdoor heat exchanger evaporates
by receiving heat from the outdoor air supplied from
the fan 103, thereby turning into a low-pressure gas
refrigerant, which is discharged from the heat exchanger
1 employed as an outdoor heat exchanger. The low-
pressure gas refrigerant discharged from the heat ex-

changer 1 employed as an outdoor heat exchanger flows
through the refrigerant pipe 122 and is suctioned into the
compressor 101. The low-pressure gas refrigerant suc-
tioned into the compressor 101 is compressed by the
compressor 101, thereby turning into a high-temperature
high-pressure gas refrigerant. The high-temperature
high-pressure gas refrigerant is discharged from the
compressor 101 again.
[0025] In the cooling operation of the air-conditioning
apparatus 100, refrigerant circulates as represented by
solid-line arrows in FIG. 1. Specifically, to start the cooling
operation in the air-conditioning apparatus 100, the four-
way valve 102 is switched to establish a passageway
represented by solid lines in FIG. 1. Accordingly, the
discharge port of the compressor 101 is connected to
the heat exchanger 1 employed as an outdoor heat
exchanger, and the suction port of the compressor 101
is connected to the indoor heat exchanger 105. That is,
the heat exchanger 1 employed as an outdoor heat
exchanger serves as a condenser, whereas the indoor
heat exchanger 105 serves as an evaporator.
[0026] In this state, a gas refrigerant compressed by
the compressor 101 to have a high temperature and a
high pressure is discharged from the compressor 101
and flows through the refrigerant pipe 122 into the heat
exchanger 1 employed as an outdoor heat exchanger.
The high-temperature high-pressure gas refrigerant
flowing in the heat exchanger 1 employed as an outdoor
heat exchanger condenses while rejecting heat to the
outdoor air supplied from the fan 103, thereby turning into
a high-pressure liquid refrigerant, which is discharged
from the heat exchanger 1 employed as an outdoor heat
exchanger.
[0027] The high-pressure liquid refrigerant discharged
from the heat exchanger 1 employed as an outdoor heat
exchanger flows through the refrigerant pipe 121 into the
expansion valve 104. The high-pressure liquid refriger-
ant flowing in the expansion valve 104 is expanded by the
expansion valve 104, thereby turning into a low-tempera-
ture low-pressure two-phase gas-liquid refrigerant,
which is discharged from the expansion valve 104. The
low-temperature low-pressure two-phase gas-liquid re-
frigerant discharged from the expansion valve 104 flows
into the indoor heat exchanger 105.
[0028] The low-temperature low-pressure two-phase
gas-liquid refrigerant flowing in the indoor heat exchan-
ger 105 evaporates by receiving heat from the indoor air
supplied from the fan 106, thereby turning into a low-
pressure gas refrigerant, which is discharged from the
indoor heat exchanger 105. In this process, the indoor air
is cooled. The low-pressure gas refrigerant discharged
from the indoor heat exchanger 105 is suctioned into the
compressor 101. The low-pressure gas refrigerant suc-
tioned into the compressor 101 is compressed by the
compressor 101, thereby turning into a high-temperature
high-pressure gas refrigerant. The high-temperature
high-pressure gas refrigerant is discharged from the
compressor 101 again.
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[Heat Exchanger 1]

[0029] FIG. 2 is a schematic side view of the heat
exchanger according to Embodiment 1, with a part there-
of illustrated in sectional view. FIG. 3 is a sectional view of
a part, including a refrigerant distributer, of the heat
exchanger according to Embodiment 1, taken along line
A-A given in FIG. 2. Arrows with black solid heads illu-
strated in FIGS. 2 and thereafter represent the flow
direction of the refrigerant in the heat exchanger 1 when
the heat exchanger 1 is used as an evaporator.
[0030] The heat exchanger 1 includes a refrigerant
distributer 10, a plurality of heat transfer tubes 2, a
plurality of fins 3, and a merging pipe 4. With the heat
exchanger 1 installed in the air-conditioning apparatus
100, the refrigerant distributer 10 is laid out in, for ex-
ample, the horizontal direction. The plurality of heat
transfer tubes 2 are arranged side by side at intervals.
One end of each of the heat transfer tubes 2 is connected
to the refrigerant distributer 10.
[0031] In Embodiment 1, the lower ends of the heat
transfer tubes 2 are connected to the refrigerant distri-
buter 10. The plurality of fins 3 are each provided be-
tween corresponding adjacent two of the heat transfer
tubes 2 and are connected to the heat transfer tubes 2.
The merging pipe 4 receives the other end of each of the
heat transfer tubes 2. In Embodiment 1, the upper ends of
the heat transfer tubes 2 flows in the merging pipe 4.
[0032] When the heat exchanger 1 is used as an
evaporator, the refrigerant flowing from the outside to-
ward the heat exchanger 1 first flows into the refrigerant
distributer 10. The refrigerant flowing in the refrigerant
distributer 10 is distributed in portions to the heat transfer
tubes 2, and the refrigerant portions flow into the respec-
tive heat transfer tubes 2. The refrigerant portions flowing
in the heat transfer tubes 2 exchange heat with air
through the heat transfer tubes 2 and the fins 3. The
refrigerant portions are then discharged from the heat
transfer tubes 2 and are collected together by the mer-
ging pipe 4. The collected refrigerant is discharged from
the merging pipe 4 to the outside of the heat exchanger 1.
[0033] When the heat exchanger 1 is used as a con-
denser, the refrigerant flowing from the outside toward
the heat exchanger 1 first flows into the merging pipe 4.
The refrigerant flowing in the merging pipe 4 is distributed
in portions to the heat transfer tubes 2, and the refrigerant
portions flow into the respective heat transfer tubes 2.
The refrigerant portions flowing in the heat transfer tubes
2 exchange heat with air through the heat transfer tubes 2
and the fins 3.
[0034] The refrigerant portions are then discharged
from the heat transfer tubes 2 and are collected together
by the refrigerant distributer 10. The collected refrigerant
is discharged from the refrigerant distributer 10 to the
outside of the heat exchanger 1. Therefore, the refriger-
ant pipe 121 is connected to the refrigerant distributer 10,
and the refrigerant pipe 122 is connected to the merging
pipe 4.

[Refrigerant Distributer 10]

[0035] When the heat exchanger 1 is used as an
evaporator, as described above, the refrigerant flowing
from the outside into the refrigerant distributer 10 is
distributed to the heat transfer tubes 2. That is, the re-
frigerant distributer 10 distributes a two-phase gas-liquid
refrigerant to the heat transfer tubes 2. To distribute the
two-phase gas-liquid refrigerant to the heat transfer
tubes 2 while reducing the probability of deterioration
in the heat-exchange performance of the heat exchanger
1, it is important to evenly distribute the liquid refrigerant
component of the two-phase gas-liquid refrigerant to the
heat transfer tubes 2. In this respect, the heat exchanger
1 according to Embodiment 1 employs the refrigerant
distributer 10 configured as illustrated in FIG. 2. Speci-
fically, the refrigerant distributer 10 has a double-pipe
structure and includes an outer pipe 20, an inner pipe 30,
and a first partition 11.
[0036] The outer pipe 20 is a pipe member with the both
ends thereof closed. The outer pipe 20 has a plurality of
connection parts 21, which are arranged at intervals in
the longitudinal direction of the outer pipe 20 and to each
of which a corresponding one of the heat transfer tubes 2
is connected. That is, the plurality of heat transfer tubes 2
are arranged side by side at intervals in the longitudinal
direction of the outer pipe 20.
[0037] Herein, the longitudinal direction of the outer
pipe 20 refers to the direction in which the outer pipe 20
extends and is also regarded as the axial direction of the
outer pipe 20. In FIG. 2, the left-right direction in the plane
of the page matches with the longitudinal direction of the
outer pipe 20. The outer pipe 20 may be bent at least in
part thereof. The longitudinal direction of such an outer
pipe 20 at any given point is regarded as the axial direc-
tion of the outer pipe 20 at that given point.
[0038] The inner pipe 30 is a pipe member with at least
one end thereof open. The one end is referred to as a first
end 31. In other words, the inner pipe 30 is a pipe member
having an opening 31a at least at the first end 31 thereof.
In Embodiment 1, the inner pipe 30 is a pipe member with
the both ends thereof open. That is, the inner pipe 30
according to Embodiment 1 is open also at the other end,
which is a second end 32 and is located opposite the first
end 31.
[0039] In other words, the inner pipe 30 according to
Embodiment 1 has an opening 32a at the second end 32
thereof. The inner pipe 30 is provided inside the outer
pipe 20. With the inner pipe 30 placed inside the outer
pipe 20, the opening 31a at the first end 31 communicates
with the space inside the outer pipe 20. Furthermore, with
the inner pipe 30 placed inside the outer pipe 20, the
opening 32a at the second end 32 is closed by an end wall
of the outer pipe 20. The inner pipe 30 has at the periph-
ery thereof a plurality of first orifices 30a, which are also
referred to as refrigerant discharge holes. The plurality of
first orifices 30a are arranged at intervals in the axial
direction of the inner pipe 30.
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[0040] In the above-configured refrigerant distributer
10, the two-phase gas-liquid refrigerant flowing inside the
inner pipe 30 is discharged through the plurality of first
orifices 30a to a space provided between the outer per-
ipheral surface of the inner pipe 30 and the inner periph-
eral surface of the outer pipe 20, which will be described
in detail separately below. The two-phase gas-liquid re-
frigerant discharged to the space between the outer
peripheral surface of the inner pipe 30 and the inner
peripheral surface of the outer pipe 20 flows through
the connection parts 21 of the outer pipe 20 into the heat
transfer tubes 2.
[0041] In terms of distributing the two-phase gas-liquid
refrigerant to the heat transfer tubes 2, the plurality of first
orifices 30a may preferably be located as illustrated in
FIG. 2, although the locations of the plurality of first
orifices 30a are not limited. Specifically, the first orifices
30a may each preferably be located between corre-
sponding adjacent two of the heat transfer tubes 2 in
the axial direction of the inner pipe 30.
[0042] In the arrangement of the first orifices 30a that is
illustrated in FIG. 2, the gas refrigerant component and
the liquid refrigerant component of the two-phase gas-
liquid refrigerant discharged into the space between the
outer peripheral surface of the inner pipe 30 and the inner
peripheral surface of the outer pipe 20 are mixed together
in the space in a better way before flowing into the heat
transfer tubes 2 than in an arrangement where the first
orifices 30a are located vertically below the respective
heat transfer tubes 2. That is, the arrangement of the first
orifices 30a that is illustrated in FIG. 2 realizes more even
distribution of the liquid refrigerant component of the two-
phase gas-liquid refrigerant to the heat transfer tubes 2.
[0043] In the process of distributing the two-phase gas-
liquid refrigerant to the heat transfer tubes 2 as described
above, if the axis of the inner pipe 30 is inclined signifi-
cantly relative to the axis of the outer pipe 20 because of,
for example, any bend in the inner pipe 30, the effect of
evenly distributing the liquid refrigerant component of the
two-phase gas-liquid refrigerant to the heat transfer
tubes 2 is reduced. In such a case, since the liquid
refrigerant component of the two-phase gas-liquid refrig-
erant tends to flow unevenly inside the inner pipe 30, the
flow of the liquid refrigerant component of the two-phase
gas-liquid refrigerant in the space between the outer
peripheral surface of the inner pipe 30 and the inner
peripheral surface of the outer pipe 20 tends to become
uneven.
[0044] Hence, in the refrigerant distributer 10 accord-
ing to Embodiment 1, the inner pipe 30 is held at positions
close to the both ends thereof, whereby the axis of the
inner pipe 30 is prevented from incline significantly re-
lative to the axis of the outer pipe 20. Such a configuration
realizes more even distribution of the liquid refrigerant
component of the two-phase gas-liquid refrigerant to the
heat transfer tubes 2.
[0045] Specifically, the outer pipe 20 is provided there-
inside with the first partition 11. The first partition 11 has a

first through-hole 11a. A portion of the inner pipe 30 that is
close to the first end 31 is fitted in the first through-hole
11a of the first partition 11. Thus, the portion of the inner
pipe 30 that is close to the first end 31 is held by the first
partition 11. The second end 32 of the inner pipe 30 is held
by the outer pipe 20 by, for example, being fixed to the end
wall of the outer pipe 20.
[0046] As illustrated in FIG. 3, the first partition 11
closes the space provided between the outer peripheral
surface of the inner pipe 30 and the inner peripheral
surface of the outer pipe 20. Hence, as illustrated in
FIG. 2, the inside of the outer pipe 20 is separated by
the first partition 11 into a main space 40 and a first space
41. The main space 40 is a space with which the plurality
of first orifices 30a and the plurality of connection parts 21
communicate. The first space 41 communicates with
none of the plurality of first orifices 30a and the plurality
of connection parts 21. The first space 41 is a space with
which the opening 31a provided at the first end 31 of the
inner pipe 30 communicates.
[0047] In the refrigerant distributer 10 according to
Embodiment 1, the refrigerant flowing from the outside
toward the refrigerant distributer 10 is temporarily sup-
plied into the first space 41. Specifically, in the refrigerant
distributer 10 according to Embodiment 1, the refrigerant
supplied from the outside into the first space 41 flows into
the plurality of heat transfer tubes 2 after flowing through
the inside of the inner pipe 30, the plurality of first orifices
30a, the main space 40, and the plurality of connection
parts 21.
[0048] The outer pipe 20 according to Embodiment 1
has a connection part 22, which communicates with the
first space 41. The refrigerant pipe 121 is connected to
the connection part 22. Therefore, when the heat ex-
changer 1 is used as an evaporator, the two-phase gas-
liquid refrigerant is supplied into the first space 41 of the
refrigerant distributer 10 through the refrigerant pipe 121.
In such a configuration where the refrigerant pipe 121 is
connected to the outer pipe 20, the way of connection of
the refrigerant pipe 121 to the outer pipe 20 may pre-
ferably be as illustrated in FIG. 2.
[0049] Specifically, the refrigerant pipe 121 connected
to the outer pipe 20 may preferably extend in the direction
in which the heat transfer tubes 2 extend. Such a way of
connection of the refrigerant pipe 121 to the outer pipe 20
reduces the length of the space occupied by the refrig-
erant pipe 121 in the direction in which the plurality of heat
transfer tubes 2 are arranged side by side.
[0050] Hence, the above way of connection of the
refrigerant pipe 121 to the outer pipe 20 allows an in-
creased number of heat transfer tubes 2 to be arranged
side by side in the space of the air-conditioning apparatus
100 that is provided for the installation of the heat ex-
changer 1 and the refrigerant pipe 121. Accordingly, the
above way of connection of the refrigerant pipe 121 to the
outer pipe 20 increases the installability of the heat
transfer tubes 2 in the heat exchanger 1.
[0051] Some known heat exchangers include double-
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pipe refrigerant distributers, aiming to realize even dis-
tribution of the liquid refrigerant component of the two-
phase gas-liquid refrigerant to the heat transfer tubes.
Such a known double-pipe refrigerant distributer does
not have the first space 41 inside the outer pipe thereof,
allowing the refrigerant on the outside to flow directly into
the inner pipe. Therefore, the heat exchanger including
the known double-pipe refrigerant distributer may experi-
ence a deterioration of the heat-exchange performance
thereof when the liquid refrigerant component of the two-
phase gas-liquid refrigerant is unevenly distributed to the
heat transfer tubes, depending on the condition of the
two-phase gas-liquid refrigerant flowing inside the inner
pipe. Such condition may occur where the distribution of
the liquid refrigerant component of the two-phase gas-
liquid refrigerant flows unevenly inside the inner pipe.
[0052] In contrast, in the heat exchanger 1 according to
Embodiment 1, the gas refrigerant component and the
liquid refrigerant component of the two-phase gas-liquid
refrigerant flowing from the outside flows in the first space
41 of the refrigerant distributer 10 and are mixed together
in the first space 41. The two-phase gas-liquid refrigerant
with the gas refrigerant component and the liquid refrig-
erant component thereof thus mixed together is distrib-
uted to the plurality of heat transfer tubes 2 after flowing
through the inside of the inner pipe 30, the first orifices
30a, the main space 40, and the connection parts 21 of
the outer pipe 20.
[0053] Therefore, in the heat exchanger 1 according to
Embodiment 1, the liquid refrigerant component of the
two-phase gas-liquid refrigerant is prevented from flow-
ing unevenly inside the inner pipe 30, realizing a stable
flow of the two-phase gas-liquid refrigerant in the inner
pipe 30. Hence, in the heat exchanger 1 according to
Embodiment 1, the liquid refrigerant component of the
two-phase gas-liquid refrigerant is distributed more
evenly to the heat transfer tubes 2 than in the known art.
[0054] To summarize, the heat exchanger 1 according
to Embodiment 1 includes the plurality of heat transfer
tubes 2, the outer pipe 20, the inner pipe 30, and the first
partition 11. The outer pipe 20 has the plurality of con-
nection parts 21 that are arranged at intervals in the
longitudinal direction and to each of which a correspond-
ing one of the plurality of heat transfer tubes 2 is con-
nected. The inner pipe 30 has the plurality of first orifices
30a at the periphery. The inner pipe 30 is provided inside
the outer pipe 20. The first partition 11 has the first
through-hole 11a in which the inner pipe 30 is fitted.
The first partition 11 separates the inside of the outer
pipe 20 into the main space 40 and the first space 41.
[0055] The main space 40 is a space with which the
plurality of first orifices 30a and the plurality of connection
parts 21 communicate. The first space 41 communicates
with none of the plurality of first orifices 30a and the
plurality of connection parts 21. The first space 41 is a
space with which the opening 31a provided at the first end
31 of the inner pipe 30 communicates. In the refrigerant
distributer 10 according to Embodiment 1, the refrigerant

supplied into the first space 41 flows into the plurality of
heat transfer tubes 2 after flowing through the inside of
the inner pipe30, the plurality of first orifices 30a, the main
space 40, and the plurality of connection parts 21.
[0056] In the heat exchanger 1 configured as above,
the liquid refrigerant component of the two-phase gas-
liquid refrigerant is prevented from flowing unevenly in-
side the inner pipe 30, realizing a stable flow of the two-
phase gas-liquid refrigerant in the inner pipe 30. Hence,
in the heat exchanger 1 according to Embodiment 1, the
liquid refrigerant component of the two-phase gas-liquid
refrigerant is distributed more evenly to the heat transfer
tubes 2 than in the known art.
[0057] While the heat exchanger 1 according to Em-
bodiment 1 is employed as an outdoor heat exchanger of
the air-conditioning apparatus 100, the heat exchanger 1
is not limited thereto. The heat exchanger 1 may alter-
natively be employed as the indoor heat exchanger 105
of the air-conditioning apparatus 100. Moreover, for ex-
ample, the heat exchanger 1 may be applied to both the
outdoor heat exchanger and the indoor heat exchanger
105 of the air-conditioning apparatus 100.

Embodiment 2

[0058] As to be described in Embodiment 2, if a second
space 42 is further provided inside the outer pipe 20 of the
refrigerant distributer 10, the liquid refrigerant component
of the two-phase gas-liquid refrigerant is distributed
further more evenly to the heat transfer tubes 2. Features
that are not described in Embodiment 2 are the same as
those described in Embodiment 1.
[0059] FIG. 4 is a schematic side view of a heat ex-
changer according to Embodiment 2, with a part thereof
illustrated in sectional view.
[0060] In addition to the elements employed in Embo-
diment 1, the heat exchanger 1 according to Embodiment
2 includes a second partition 12, which is provided in the
refrigerant distributer 10. The second partition 12 is pro-
vided inside the outer pipe 20. The second partition 12
has a second through-hole 12a. A portion of the inner
pipe 30 that is close to the second end 32 is fitted in the
second through-hole 12a of the second partition 12.
Thus, the portion of the inner pipe 30 that is close to
the second end 32 is held by the second partition 12.
[0061] The second partition 12 closes the space pro-
vided between the outer peripheral surface of the inner
pipe 30 and the inner peripheral surface of the outer pipe
20. Hence, the inside of the outer pipe 20 is separated by
the second partition 12 into the main space 40 and the
second space 42. As described above in Embodiment 1,
the main space 40 is a space with which the plurality of
first orifices 30a and the plurality of connection parts 21
communicate. The second space 42 communicates with
none of the plurality of first orifices 30a and the plurality of
connection parts 21. The second space 42 is a space with
which the opening 32a provided at the second end 32 of
the inner pipe 30 communicates.
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[0062] The second space 42 has a larger area than the
space inside the inner pipe 30 in a section taken perpen-
dicularly to the axis of the inner pipe 30. In the refrigerant
distributer 10 having the second space 42, the two-phase
gas-liquid refrigerant flowing inside the inner pipe 30
flows into the second space 42 through the opening
32a provided at the second end 32 and strikes the end
wall of the outer pipe 20. Thus, the liquid refrigerant
component of the two-phase gas-liquid refrigerant is
gathered in the second space 42.
[0063] Since the second space 42 is provided inside
the outer pipe 20 of the refrigerant distributer 10, the liquid
refrigerant component of the two-phase gas-liquid refrig-
erant is prevented from being distributed by a greater
amount to those of the plurality of first orifices 30a that are
located closer to the second end 32. That is, providing the
second space 42 inside the outer pipe 20 of the refriger-
ant distributer 10 realizes further more even distribution
of the liquid refrigerant component of the two-phase gas-
liquid refrigerant to the heat transfer tubes 2.
[0064] The present inventors have elucidated the
above mechanism of how the second space 42 provided
inside the outer pipe 20 improves the refrigerant distribu-
tion, through an experiment of visualizing the flow beha-
vior of the two-phase gas-liquid refrigerant in the refrig-
erant distributer 10. Now, the mechanism of improvement
in the refrigerant distribution that has been demonstrated
by the present inventors will be described with reference
to FIGS. 5 and 6.
[0065] FIG. 5 is a sectional view of a refrigerant dis-
tributer according to Comparative Example. FIG. 6 is a
sectional view of the refrigerant distributer according to
Embodiment 2. In the following description of a refriger-
ant distributer 210 according to Comparative Example,
elements that are the same as those of the refrigerant
distributer 10 according to Embodiment 2 are denoted by
same reference signs as used for the refrigerant distri-
buter 10 according to Embodiment 2.
[0066] The refrigerant distributer 210 according to
Comparative Example has no second space 42 inside
the outer pipe 20. Therefore, in the refrigerant distributer
210 according to Comparative Example, the opening 32a
provided at the second end 32 of the inner pipe 30 is
closed by the end wall of the outer pipe 20. The other
details of the refrigerant distributer 210 according to
Comparative Example are the same as those of the
refrigerant distributer 10 according to Embodiment 2.
[0067] If, for example, the two-phase gas-liquid refrig-
erant in the inner pipe 30 flows at a high speed and a large
inertial force acts on the two-phase gas-liquid refrigerant
flowing in the inner pipe 30, an excessive amount of liquid
refrigerant component of the two-phase gas-liquid refrig-
erant may reach the second end 32 of the inner pipe 30. In
the refrigerant distributer 210 according to Comparative
Example that has no second space 42, if an excessive
amount of liquid refrigerant component of the two-phase
gas-liquid refrigerant flows toward the second end 32 of
the inner pipe 30, the liquid refrigerant component of the

two-phase gas-liquid refrigerant flowing toward the sec-
ond end 32 of the inner pipe 30 first strikes the end wall of
the outer pipe 20 and is then discharged to the main
space 40 through those first orifices 30a that are located
close to the second end 32.
[0068] Therefore, in the refrigerant distributer 210 ac-
cording to Comparative Example, if an excessive amount
of liquid refrigerant component of the two-phase gas-
liquid refrigerant reaches the second end 32 of the inner
pipe 30, a greater amount of liquid refrigerant component
of the two-phase gas-liquid refrigerant is distributed to
those of the plurality of first orifices 30a that are located
closer to the second end 32.
[0069] In contrast, in the refrigerant distributer 10 ac-
cording to Embodiment 2 that has the second space 42,
the liquid refrigerant component of the two-phase gas-
liquid refrigerant flowing toward the second end 32 of the
inner pipe 30 first flows into the second space 42 through
the opening 32a provided at the second end 32 and then
strikes the end wall of the outer pipe 20. The liquid
refrigerant component of the two-phase gas-liquid refrig-
erant thus reached the second space 42 is gathered in
the second space 42.
[0070] That is, the second space 42 serves as a stag-
nation space where the liquid refrigerant component of
the two-phase gas-liquid refrigerant is to be gathered.
The stagnation space may also be referred to as buffer
tank. The two-phase gas-liquid refrigerant flowing in the
inner pipe 30 is pulsating.
[0071] Therefore, with the elapse of a certain time,
some of the liquid refrigerant component gathered in
the second space 42 flows backward, toward upstream
ones of the first orifices 30a of the inner pipe 30. There-
fore, on the basis of time average, providing the second
space 42 inside the outer pipe 20 of the refrigerant
distributer 10 realizes further more even distribution of
the liquid refrigerant component of the two-phase gas-
liquid refrigerant to the heat transfer tubes 2.
[0072] If the first space 41 and the second space 42 are
provided inside the outer pipe 20 as in Embodiment 2, the
first space 41 and the second space 42 may preferably be
sized as follows. Referring to FIG. 4, the length of the first
space 41 in the longitudinal direction of the outer pipe 20
is defined as a length L1, and the length of the second
space 42 in the longitudinal direction of the outer pipe 20
is defined as a length L2. Under such definitions of the
length L1 and the length L2, the length L1 may preferably
be greater than the length L2. What is important here is
that the second space 42 is provided inside the outer pipe
20. Even if the length L2 is small, the above advanta-
geous effects are produced.
[0073] Furthermore, making the length L2 small allows
an increased number of heat transfer tubes 2 to be ar-
ranged side by side in the space of the air-conditioning
apparatus 100 that is provided for the installation of the
heat exchanger 1. That is, making the length L2 small
increases the installability of the heat transfer tubes 2 in
the heat exchanger 1. Therefore, the length L1 may
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preferably be greater than the length L2.
[0074] If the first space 41 and the second space 42 are
provided inside the outer pipe 20 as in Embodiment 2, the
state of fitting of the first end 31 of the inner pipe 30 in the
first partition 11 and the state of fitting of the second end
32 of the inner pipe 30 in the second partition 12 may be
determined as follows, in correspondence with the ad-
vantageous effects desired.
[0075] For example, if the ease of assembly of the
refrigerant distributer 10 is desired, as illustrated in
FIG. 4, the first end 31 of the inner pipe 30 may preferably
project into the first space 41, and the second end 32 of
the inner pipe 30 may preferably project into the second
space 42. Such a configuration prevents the inner pipe 30
from coming off the first partition 11 and the second
partition 12 during the process of assembling the refrig-
erant distributer 10, and also prevents the axis of the
inner pipe 30 from inclining significantly relative to the
axis of the outer pipe 20 at the completion of assembling
the refrigerant distributer 10.
[0076] In such a configuration, the length of projection
of the first end 31 of the inner pipe 30 into the first space
41 and the length of projection of the second end 32 of the
inner pipe 30 into the second space 42 may preferably be
defined as follows, for example. Referring to FIG. 4, the
length by which the inner pipe 30 projects into the first
space 41 is defined as a projection length t1, and the
length by which the inner pipe 30 projects into the second
space 42 is defined as a projection length t2.
[0077] Under such definitions of the projection length
t1 and the projection length t2, the projection length t1
may preferably be smaller than the projection length t2.
Setting the projection length t1 smaller than the projec-
tion length t2 increases the size of the first space 41. The
first space 41 is preferred to have a large capacity so that
the liquid refrigerant component of the two-phase gas-
liquid refrigerant can be distributed evenly to the heat
transfer tubes 2.
[0078] If the projection length t1 is set smaller than the
projection length t2, it is preferable that, in the process of
assembling the refrigerant distributer 10, the inner pipe
30 be inserted into the outer pipe 20 from the end of the
outer pipe 20 where the first space 41 is provided. Such a
process facilitates the insertion of the inner pipe 30 into
the second partition, which is one of the first partition 11
and the second partition 12 that is located on the far side
in the assembling process. Hence, the assembly of the
refrigerant distributer 10 is further facilitated.
[0079] If the liquid refrigerant component of the two-
phase gas-liquid refrigerant is desired distributed further
more evenly to the heat transfer tubes 2, the state of fitting
of the first end 31 of the inner pipe30 in the first partition 11
and the state of fitting of the second end 32 of the inner
pipe 30 in the second partition 12 may be determined as
illustrated in FIG. 7.
[0080] FIG. 7 is a sectional view of another exemplary
refrigerant distributer according to Embodiment 2.
[0081] In the refrigerant distributer 10 illustrated in FIG.

7, the first end 31 of the inner pipe 30 is located in the first
through-hole 11a of the first partition 11. In other words,
the first end 31 of the inner pipe 30 does not project into
the first space 41. Likewise, in the refrigerant distributer
10 illustrated in FIG. 7, the second end 32 of the inner pipe
30 is located in the second through-hole 12a of the
second partition 12. In other words, the second end 32
of the inner pipe 30 does not project into the second
space 42.
[0082] In such a refrigerant distributer 10, the first
space 41 and the second space 42 are larger than in
the case where the inner pipe 30 projects into the first
space 41 and the second space 42. Accordingly, such a
refrigerant distributer 10 realizes further more even dis-
tribution of the liquid refrigerant component of the two-
phase gas-liquid refrigerant to the heat transfer tubes 2.
[0083] The way of holding the inner pipe 30 by the first
partition 11 as illustrated in FIG. 7 may also be applied to
the heat exchanger 1 according to Embodiment 1. In that
case, the first space 41 becomes larger and the distribu-
tion of the liquid refrigerant component of the two-phase
gas-liquid refrigerant to the heat transfer tubes 2 be-
comes further more even than in the case where the
inner pipe 30 projects into the first space 41.

Embodiment 3

[0084] If the heat exchanger 1 includes the second
partition 12, the second partition 12 may have a second
orifice 12b as in Embodiment 3. Features that are not
described in Embodiment 3 are the same as those de-
scribed in Embodiment 1 or 2.
[0085] FIG. 8 is a schematic side view of a heat ex-
changer according to Embodiment 3, with a part thereof
illustrated in sectional view. FIG. 9 is a sectional view of a
refrigerant distributer of the heat exchanger according to
Embodiment 3, illustrating a part around a second space.
[0086] As with the case of the heat exchanger 1 ac-
cording to Embodiment 2, the heat exchanger 1 accord-
ing to Embodiment 3 includes the second partition 12,
and the second space 42 provided inside the outer pipe
20. The second partition 12 of the heat exchanger 1
according to Embodiment 3 has at least one second
orifice 12b, which allows the main space 40 and the
second space 42 to communicate with each other.
[0087] As described in Embodiment 2, since the sec-
ond space 42 is provided inside the outer pipe 20, an
excessive amount of liquid refrigerant component of the
two-phase gas-liquid refrigerant reaching the second
end 32 of the inner pipe 30 is gathered in the second
space 42. Such a configuration realizes even distribution
of the liquid refrigerant component of the two-phase gas-
liquid refrigerant to the heat transfer tubes 2. In the heat
exchanger 1 according to Embodiment 2, the pulsation of
the two-phase gas-liquid refrigerant flowing in the inner
pipe 30 causes some of the liquid refrigerant component
gathered in the second space 42 to flow backward into
the inner pipe 30.
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[0088] In the heat exchanger 1 according to Embodi-
ment 3, some of the liquid refrigerant component gath-
ered in the second space 42 is allowed to flow through the
second orifice 12b into the main space 40. That is, in the
configuration where the second space 42 is provided to
realize even distribution of the liquid refrigerant compo-
nent of the two-phase gas-liquid refrigerant to the heat
transfer tubes 2, the second orifice 12b provided in the
second partition 12 further allows an increased amount of
liquid refrigerant component distributed to the heat trans-
fer tubes 2. Consequently, the second orifice 12b pro-
vided in the second partition 12 further mitigates dete-
rioration in the heat-exchange performance of the heat
exchanger 1.
[0089] As described above, the second partition 12
may have at least one second orifice 12b. That is, the
second partition 12 may have a single second orifice 12b
or a plurality of second orifices 12b. Any second orifices
12b to be provided in the second partition 12 may pre-
ferably be located as follows. Now, a preferable location
of the second orifices 12b will be described with reference
to FIGS. 10 and 11.
[0090] FIGS. 10 and 11 are each a sectional view of a
part, including an exemplary refrigerant distributer, of the
heat exchanger according to Embodiment 3. Specifically,
FIGS. 10 and 11 each illustrate a section of the part,
including the exemplary refrigerant distributer, of the heat
exchanger according to Embodiment 3 that is taken
perpendicularly to the longitudinal direction of the outer
pipe 20. More specifically, FIGS. 10 and 11 each illustrate
a section of the part, including the exemplary refrigerant
distributer, of the heat exchanger according to Embodi-
ment 3 that is taken along line B-B given in FIG. 8.
[0091] As illustrated in FIG. 10 or 11, in the section
perpendicular to the longitudinal direction of the outer
pipe 20, each second orifice 12b may preferably be at
such a location as not to interfere with the first orifices 30a
provided in the inner pipe 30. The location that does not
interfere with the first orifices 30a in the section perpen-
dicular to the longitudinal direction of the outer pipe 20
referred to any location that is off the extension of the axis,
30b, of each of the first orifices 30a.
[0092] Providing the second orifice 12b at such a loca-
tion mitigates interference between the flow of the refrig-
erant from the second orifice 12b into the main space 40
and the flow of the refrigerant from the first orifices 30a
into the main space 40. Consequently, the flow of the
refrigerant in the main space 40 is stabilized, realizing
more even distribution of the liquid refrigerant component
of the two-phase gas-liquid refrigerant to the heat transfer
tubes 2.
[0093] As the size of the second orifice 12b is in-
creased, an increased portion of the liquid refrigerant
component gathered in the second space 42 is allowed
to flow into the main space 40 through the second orifice
12b. In this respect, the second orifice 12b may prefer-
ably be sized as follows, for example. The opening area
of one of the plurality of first orifices 30a is defined as an

opening area S1, and the sum total of the opening areas
of all of the second orifices 12b is defined as an opening
area S2. Under such definitions of the opening area S1
and the opening area S2, the opening area S2 may
preferably be larger than the opening area S1. That is,
the sum total of the refrigerant flow rates at all of the
second orifices 12b may preferably be greater than the
refrigerant flow rate at each of the first orifices 30a.

Embodiment 4

[0094] The heat exchanger 1 may include an inter-
mediate partition 13 as in Embodiment 4. Features that
are not described in Embodiment 4 are the same as those
described in any of Embodiments 1 to 3.
[0095] FIG. 12 is a schematic side view of a heat
exchanger according to Embodiment 4, with a part there-
of illustrated in sectional view.
[0096] The heat exchanger 1 according to Embodi-
ment 4 includes at least one intermediate partition 13.
The intermediate partition 13 is provided inside the outer
pipe 20 and between the first partition 11 and the second
partition 12. The intermediate partition 13 has an inter-
mediate-partition through-hole 13a. A middle portion of
the inner pipe 30 is fitted in the intermediate-partition
through-hole 13a of the intermediate partition 13. That is,
the intermediate partition 13 holds the middle portion of
the inner pipe 30 and separates the main space 40 into a
plurality of spaces. Such spaces are hereinafter referred
to as main-space areas 40a.
[0097] Since the intermediate partition 13 is provided,
the axis of the inner pipe 30, which may be long, is
prevented from inclining significantly relative to the axis
of the outer pipe 20 because of a bend in the inner pipe 30
or any other factor. Therefore, even if the inner pipe 30 is
long, the liquid refrigerant component of the two-phase
gas-liquid refrigerant is distributed evenly to the heat
transfer tubes 2 with the aid of the intermediate partition
13.
[0098] FIG. 13 is a schematic side view of another
exemplary heat exchanger according to Embodiment
4, with a part thereof illustrated in sectional view.
[0099] In the heat exchanger 1 according to Embodi-
ment 4, as illustrated in FIG. 13, the intermediate partition
13 may have at least one intermediate-partition orifice
13b, or may have no intermediate-partition orifice 13b as
illustrated in FIG. 12. The intermediate-partition orifice
13b is a through-hole that allows adjacent ones of the
main-space areas 40a to communicate with each other.
[0100] The effects to be produced vary with whether
the intermediate partition 13 has any intermediate-parti-
tion orifices 13b. For example, if the intermediate partition
13 has no intermediate-partition orifice 13b as illustrated
in FIG. 12, an increased effect is produced in terms of
fluid-resistance adjustment by the plurality of first orifices
30a provided in the inner pipe 30. Consequently, the
liquid refrigerant component of the two-phase gas-liquid
refrigerant is distributed more evenly to the heat transfer
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tubes 2.
[0101] In another respect, as described for the air-
conditioning apparatus 100 according to Embodiment
1, if the heat exchanger 1 is used as a condenser as
well, the refrigerant distributer 10 serves as a merging
pipe where refrigerant portions discharged from the heat
transfer tubes 2 into the refrigerant distributer 10 are
collected. In such a case, if the intermediate partition
13 has at least one intermediate-partition orifice 13b as
illustrated in FIG. 13, the fluid resistance in the refrigerant
distributer 10 is reduced.

Embodiment 5

[0102] Any heat exchanger 1 that includes the second
partition 12 may be configured as in Embodiment 5.
Features that are not described in Embodiment 5 are
the same as those described in any of Embodiments 1 to
4.
[0103] FIG. 14 is a schematic side view of a heat
exchanger according to Embodiment 5, with a part there-
of illustrated in sectional view.
[0104] The heat exchanger 1 according to Embodi-
ment 5 is configured such that not only the first space
41 but also the second space 42 is supplied with the two-
phase gas-liquid refrigerant. Therefore, in the heat ex-
changer 1 according to Embodiment 5, a refrigerant
portion supplied into the first space 41 and a refrigerant
portion supplied into the second space 42 flow into the
plurality of heat transfer tubes 2 after flowing through the
inside of the inner pipe 30, the plurality of first orifices 30a,
the main space 40, and the plurality of connection parts
21.
[0105] In Embodiment 5, the outer pipe 20 has a con-
nection part 23, which communicates with the second
space 42. The refrigerant pipe 121 is connected to the
connection part 23. Therefore, when the heat exchanger
1 is used as an evaporator, a two-phase gas-liquid re-
frigerant is supplied through the refrigerant pipe 121 into
the second space 42 of the refrigerant distributer 10.
[0106] In the refrigerant distributer 10 configured to
receive the two-phase gas-liquid refrigerant through
the both ends thereof as in Embodiment 5, the following
advantageous effects are produced, compared with the
refrigerant distributer 10 configured to receive the two-
phase gas-liquid refrigerant through one end thereof. The
unevenness in the flow of the liquid refrigerant compo-
nent of the two-phase gas-liquid refrigerant that is caused
by any inclination of the axis of the inner pipe 30 relative to
the axis of the outer pipe 20 is reduced.
[0107] Consequently, the probability of deterioration in
the heat-exchange performance of the heat exchanger 1
is reduced. The liquid refrigerant component of the two-
phase gas-liquid refrigerant flowing with an inertial force
is prevented from being distributed by a greater amount
to those first orifices 30a that are located closer to the
downstream end of the inner pipe 30 in the direction of the
flow of the two-phase gas-liquid refrigerant.

[0108] Consequently, the probability of deterioration in
the heat-exchange performance of the heat exchanger 1
is reduced. As described above, if the heat exchanger 1 is
used as a condenser, the refrigerant distributer 10 serves
as a merging pipe where refrigerant portions discharged
from the heat transfer tubes 2 into the refrigerant dis-
tributer 10 are collected. In such a case, the fluid resis-
tance in the refrigerant distributer 10 is significantly re-
duced.
[0109] The refrigerant distributer 10 according to Em-
bodiment 5 has the second space 42. If the refrigerant
distributer 10 is configured to receive the two-phase gas-
liquid refrigerant through the both ends thereof, the con-
figuration according to Embodiment 5 facilitates the con-
nection of the refrigerant pipe 121 to each of the both
ends of the refrigerant distributer 10.

Embodiment 6

[0110] The heat exchanger 1 may be a finless heat
exchanger as in Embodiment 6. Features that are not
described in Embodiment 6 are the same as those de-
scribed in any of Embodiments 1 to 5.
[0111] FIG. 15 is a schematic side view of a heat
exchanger according to Embodiment 6, with a part there-
of illustrated in sectional view.
[0112] The heat exchanger 1 according to Embodi-
ment 6 is a finless heat exchanger that includes no fins
3. Specifically, the heat exchanger 1 according to Embo-
diment 6 is obtained by removing the fins 3 from the heat
exchanger 1 according to any of Embodiments 1 to 5.
FIG. 15 illustrates an example obtained by removing the
fins 3 from the heat exchanger 1 according to Embodi-
ment 5.
[0113] What is important in a finless heat exchanger is
the ease of dense installation of heat transfer tubes to
increase the area of heat transfer. Therefore, the finless
heat exchanger has a greater number of heat transfer
tubes than the finned heat exchanger. In this respect, the
refrigerant distributer 10 according to any of Embodi-
ments 1 to 5 that realizes more even distribution of the
liquid refrigerant component of the two-phase gas-liquid
refrigerant to the heat transfer tubes 2 than in the known
refrigerant distributer is preferable as the refrigerant dis-
tributer of the finless heat exchanger.

List of Reference Signs

[0114]

1: heat exchanger
2: heat transfer tube
3: fin
4: merging pipe
10: refrigerant distributer
11: first partition
11a: first through-hole
12: second partition
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12a: second through-hole
12b: second orifice
13: intermediate partition
13a: intermediate-partition through-hole
13b: intermediate-partition orifice
20: outer pipe
21: connection part
22: connection part
23: connection part
30: inner pipe
30a: first orifice
30b: axis
31: first end
31a: opening
32: second end
32a: opening
40: main space
40a: main-space area
41: first space
42: second space
100: air-conditioning apparatus
101: compressor
102: four-way valve
103: fan
104: expansion valve
105: indoor heat exchanger
106: fan
107: accumulator
111: outdoor unit
112: indoor unit
121: refrigerant pipe
122: refrigerant pipe
210: refrigerant distributer (Comparative Example)

Claims

1. A heat exchanger comprising:

a plurality of heat transfer tubes;
an outer pipe having a plurality of connection
parts that are arranged at intervals in a long-
itudinal direction and to each of which a corre-
sponding one of the plurality of heat transfer
tubes is connected;
an inner pipe provided inside the outer pipe and
having a plurality of first orifices at a periphery;
and
a first partition having a first through-hole in
which the inner pipe is fitted, the first partition
separating an inside of the outer pipe into a main
space and a first space,
wherein the main space is a space with which
the plurality of first orifices and the plurality of
connection parts communicate,
wherein the first space communicates with none
of the plurality of first orifices and the plurality of
connection parts and is a space with which an
opening provided at one end of the inner pipe

communicates, the one end being a first end,
and
wherein refrigerant supplied into the first space
flows into an inside of the inner pipe, the plurality
of first orifices, the main space, the plurality of
connection parts, and then the plurality of heat
transfer tubes.

2. The heat exchanger of claim 1,
further comprising:

a second partition having a second through-hole
in which the inner pipe is fitted, the second
partition separating the inside of the outer pipe
into the main space and a second space,
wherein the second space communicates with
none of the plurality of first orifices and the
plurality of connection parts and is a space with
which an opening provided at an other end of the
inner pipe communicates, the other end being a
second end located opposite the first end.

3. The heat exchanger of claim 2,
wherein, letting a length of the first space in the
longitudinal direction be a length L1 and a length
of the second space in the longitudinal direction be a
length L2,
the length L1 is greater than the length L2.

4. The heat exchanger of claim 2 or 3,
further comprising:
an intermediate partition provided between the first
partition and the second partition and separating the
main space into a plurality of main-space areas.

5. The heat exchanger of claim 4,
wherein the intermediate partition has at least one
intermediate-partition orifice that allows adjacent
ones of the main-space areas to communicate with
each other.

6. The heat exchanger of any one of claims 2 to 5,
wherein the second partition has at least one second
orifice that allows the main space and the second
space to communicate with each other.

7. The heat exchanger of claim 6,
wherein, letting

an opening area of one of the plurality of first
orifices be an opening area S1 and
a sum total of opening areas of all of the second
orifices be an opening area S2,
the opening area S2 is greater than the opening
area S1.

8. The heat exchanger of any one of claims 2 to 5,
wherein a refrigerant portion supplied into the first
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space and a refrigerant portion supplied into the
second space flow into an inside of the inner pipe,
the plurality of first orifices, the main space, the
plurality of connection parts, and then the plurality
of heat transfer tubes.

9. The heat exchanger of any one of claims 2 to 8,

wherein the first end of the inner pipe projects
into the first space, and
wherein the second end of the inner pipe pro-
jects into the second space.

10. The heat exchanger of claim 9,
wherein, letting

a length by which the inner pipe projects into the
first space be a projection length t1 and
a length by which the inner pipe projects into the
second space be a projection length t2,
the projection length t1 is smaller than the pro-
jection length t2.

11. The heat exchanger of any one of claims 2 to 10,
wherein the second end of the inner pipe is located in
the second through-hole of the second partition.

12. The heat exchanger of any one of claims 1 to 11,
wherein the first end of the inner pipe is located in the
first through-hole of the first partition.

13. An air-conditioning apparatus comprising:
a heat exchanger of any one of claims 1 to 12.
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