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(54) HEAT EXCHANGER AND AIR-CONDITIONING DEVICE

(57) A heat exchanger includes: a heat exchange
module including fins and heat transfer pipes, and con-
figured to cause heat exchange to be performed between
refrigerant that flows in the heat exchange module and air
that flows around the heat exchange module, the fins
being arranged apart from each other in a first direction,
the heat transfer pipes being provided to extend through
the fins and arranged apart from each other in a second
direction crossing the first direction; and a refrigerant
distributor connected to an end portion of the heat ex-
change module in the first direction. The refrigerant dis-
tributor includes: one or more distributors including a first
inlet and first outlets with which some of the heat transfer
pipes are connected, the one or more distributors each
including a collision wall therein, and being configured to
cause the refrigerant that flows from the first inlet into the
one or more distributors to branch into refrigerant

streams because of collision of the refrigerant with the
collision wall, and cause each of the refrigerant streams
to flow out from an associated one of the first outlets; and
a communication header including a second inlet and
second outlets with which some others of the heat trans-
fer pipes are connected, the communication header in-
cluding a communication space therein, and being con-
figured to cause the refrigerant that flows from the second
inlet into the communication space to branch into refrig-
erant streams, and cause each of the refrigerant streams
to flow out from an associated one of the second outlets.
The number K of the refrigerant streams into which the
refrigerant passes through the communication header to
branch is smaller than the number M of refrigerant
streams into which the refrigerant passes through the
distributor to branch.
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Description
Technical Field

[0001] The present disclosure relates to a heat ex-
changer including a refrigerant distributor and to an air-
conditioning apparatus.

Background Art

[0002] Inrecentyears,inair-conditioning apparatuses,
heat transfer pipes for use in heat exchangers have been
made narrower in order that the amount of refrigerant to
be used be decreased and the heat exchangers be made
to have a higher performance. In this connection, flat
tubes have been used as the heat transfer pipes of the
heat exchangers. However, in order to reduce the pres-
sure loss of the refrigerant, itis necessary to increase the
number of refrigerant streams into which the refrigerant is
branched, because the flat tubes are small in hydraulic
diameter.

[0003] For example, Patent Literature 1 discloses a
heat exchanger employing a stack type distributor in
which branching of the refrigerant into two refrigerant
streams is repeated three times (23 = 8 refrigerant
streams), in order to increase the number of refrigerant
streams into which the refrigerant is branched.

[0004] In the heat exchanger described in Patent Lit-
erature 1, a plurality of heat transfer pipes extending in a
horizontal direction are arranged in a vertical direction.
The stack type distributor is connected to one end of each
of those heat transfer pipes. When the heat exchanger
operates as an evaporator, refrigerant that flows through
a refrigerant pipe flows into the stacked distributor and is
distributed therefrom to the heat transfer pipes of the heat
exchanger. In the heat transfer pipes, the refrigerant
exchanges heat with air thatis supplied by an air-sending
device.

Citation List
Patent Literature

[0005]
6214789

Patent Literature 1: Japanese Patent No.

Summary of Invention
Technical Problem

[0006] As described above, in recent years, heat ex-
changers have been provided that include flat tubes in
orderthatthe amount of refrigerant to be used be reduced
and the heat exchangers be made to have a higher
performance. In such a heat exchanger, the number of
refrigerant streams into which the refrigerant is branched
may be increased in order to reduce the pressure loss of
the refrigerant. However, in the case where the number of
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refrigerant streams into which the refrigerant is branched
is increased, when the heat exchanger operates as an
evaporator, itis hard to evenly distribute the refrigerant to
the heat transfer pipes in the case where a communica-
tion header is used as a distributor. That is, since refrig-
erant that flows into the communication header in the
above case is two-phase gas-liquid refrigerant, the re-
frigerant unevenly flows, for example, due to the effect of
gravity such that, for example, liquid-phase refrigerant
flows downward and gas-phase refrigerant flows upward.
Accordingly, it is impossible to evenly distribute the re-
frigerant. In the case where it is impossible to evenly
distribute the refrigerant, the performance of the heat
exchanger easily deteriorates, especially during the
heating operation.

[0007] On the other hand, in the case of using a stack
type distributor in which branching of the refrigerant into
two refrigerant streams is repeated three times (23 = 8
refrigerant streams) as in the heat exchanger of Patent
Literature 1, an uneven flow of refrigerant is not pro-
duced, unlike the case of using the communication head-
er. However, in the stack type distributor, branching of the
refrigerant into two refrigerant streams is repeated three
times, and the final number of refrigerant streams into
which the refrigerant is branched is 8. Therefore, the
number of rows in the heat exchanger changes in incre-
ments of eight rows (such as 8, 16, 24, ....) according to
the number of stack type distributors to be arranged.
Therefore, the "increments of eight rows" impose restric-
tions on the degrees of freedom in the design of the heat
exchanger. Consequently, it is impossible to design the
heat exchanger such that the heat exchanger has an
optimum number of rows for maximizing the performance
of the heat exchanger.

[0008] The present disclosure is applied to solve the
above problem, and relates to a heat exchanger and an
air-conditioning apparatus that have an optimum number
of rows for maximizing the performance of the heat ex-
changer while achieving an even distribution of refriger-
ant to heat transfer pipes of the heat exchanger.

Solution to Problem

[0009] A heat exchanger according to an embodiment
of the present disclosure includes: a heat exchange
module including a plurality of fins and a plurality of heat
transfer pipes, and configured to cause heat exchange to
be performed between refrigerant that flows in the heat
exchange module and air that flows around the heat
exchange module, the plurality of fins being arranged
apart from each other in a first direction, the heat transfer
pipes being provided to extend through the plurality of fins
and arranged apart from each other in a second direction
crossing the first direction; and a refrigerant distributor
connected to an end portion of the heat exchange module
in the first direction. The refrigerant distributor includes:
one or more distributors including a first inlet and a
plurality of first outlets with which some of the plurality
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of heat transfer pipes are connected, the one or more
distributors each including a collision wall therein, and
being configured to cause the refrigerant that flows from
the first inlet into the one or more distributors to branch
into refrigerant streams because of collision of the refrig-
erant with the collision wall, and cause each of the
refrigerant streams to flow out from an associated one
of the plurality of first outlets; and a communication head-
er including a second inlet and a plurality of second
outlets with which some others of the plurality of heat
transfer pipes are connected, the communication header
including a communication space therein, and being
configured to cause the refrigerant that flows from the
second inlet into the communication space to branch into
refrigerant streams, and cause each of the refrigerant
streams to flow out from an associated one of the plurality
of second outlets. The number K of the refrigerant
streams into which the refrigerant passes through the
communication header to branch is smaller than the
number M of refrigerant streams into which the refrigerant
passes through the distributor to branch.

[0010] An air-conditioning apparatus according to an-
other embodiment of the present disclosure includes an
outdoor unit and an indoor unit that are connected by a
refrigerant pipe, whereby a refrigerant circuit is provided.
The outdoor unit includes: a compressor configured to
compress and discharge refrigerant; a four-way valve
configured to switch a flow passage for the refrigerant
between plural flow passages; an outdoor heat exchan-
ger configured to cause heat exchange to be performed
between outdoor air and the refrigerant; an outdoor fan
configured to send the outdoor air to the outdoor heat
exchanger; and an expansion valve configured to expand
the refrigerant to decompress the refrigerant. The indoor
unit includes: an indoor heat exchanger configured to
cause heat exchange to be performed between indoor air
and the refrigerant; and an indoor fan configured to send
the indoor air to the indoor heat exchanger. Atleast one of
the outdoor heat exchanger and the outdoor heat ex-
changer is the above heat exchanger.

Advantageous Effects of Invention

[0011] The refrigerant distributor includes: the one or
more distributors each including the collision wall therein,
and configured to cause the refrigerant to branch into
refrigerant streams because of collision of the refrigerant
with the collision wall, and the communication header
configured to cause the refrigerant to branch into refrig-
erant streams, through the communication space.
Furthermore, the number K of the refrigerant streams
into which the refrigerant passes through the commu-
nication header to branch is smaller than the number M of
refrigerant streams into which the refrigerant passes
through the distributor to branch. As a main method for
distributing the refrigerant, one or more distributors each
of which easily evenly distributes the refrigerant are used.
Therefore, the heat exchanger can evenly distribute the
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refrigerant as a whole. Furthermore, in order to prevent
the "increments of M rows" from imposing restrictions on
the freedom of design depending on the number M of
refrigerant streams into which the refrigerant is branched
in the distributor, the communication header configured
to cause the refrigerant to branch into the number K of
refrigerant streams that is smaller than M is used in
combination with the distributor. As a result, it is possible
to design a heat exchanger that has an optimum number
of rows for maximizing the performance of the heat ex-
changer.

Brief Description of Drawings
[0012]

[Fig. 1] Fig. 1 is a refrigerant circuit diagram illustrat-
ing an example of a configuration of a refrigeration
cycle apparatus of an air-conditioning apparatus
according to Embodiment 1.

[Fig. 2] Fig. 2 is a configuration diagram schemati-
cally illustrating a configuration of a heat exchanger
according to Embodiment 1.

[Fig. 3] Fig. 3 is a perspective view illustrating the
configuration of the heat exchanger according to
Embodiment 1.

[Fig. 4] Fig. 4 is a partially enlarged perspective view
illustrating a configuration of a heat exchange mod-
ule provided in the heat exchanger according to
Embodiment 1.

[Fig. 5] Fig. 5 is a partially enlarged perspective view
illustrating the configuration of the heat exchange
module provided in the heat exchanger according to
Embodiment 1.

[Fig. 6] Fig. 6 is a sectional view illustrating an ex-
ample of a configuration of a communication header
provided in the heat exchanger according to Embo-
diment 1.

[Fig. 7] Fig. 7 is an exploded perspective view illus-
trating an example of a configuration of a distributor
provided in the heat exchanger according to Embo-
diment 1.

[Fig. 8] Fig. 8 is a perspective view illustrating an-
other example of a configuration of a distributor
provided in the heat exchanger according to Embo-
diment 1.

[Fig. 9] Fig. 9 is a sectional view illustrating the
configuration of the distributor as illustrated in Fig. 8.
[Fig. 10] Fig. 10 is a graph illustrating a relationship
between the number of paths in the heat exchange
module of the heat exchanger according to Embodi-
ment 1 and an annual performance factor APF.
[Fig. 11] Fig. 11 is a configuration diagram illustrating
a configuration of a heat exchanger of a comparative
example.

[Fig. 12] Fig. 12 is an explanatory view for the flow
rates of refrigerant through the communication
header and heat transfer pipes under conditions
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where the flow rate of refrigerant in the heat exchan-
ger of the comparative example is low.

[Fig. 13] Fig. 13 is an explanatory view for a refrig-
erant distribution under conditions where the circu-
lating volume of the refrigerant in an air-conditioning
apparatus of the comparative example is small.
[Fig. 14] Fig. 14 is an explanatory view for a refrig-
erant distribution under conditions where the circu-
lating volume of the refrigerantin the air-conditioning
apparatus of the comparative example is large.
[Fig. 15] Fig. 15is a configuration diagram illustrating
a configuration of a heat exchanger according to a
modification of Embodiment 1.

[Fig. 16] Fig. 16 is a perspective view illustrating the
configuration of the heat exchanger according to the
modification of Embodiment 1.

[Fig. 17] Fig. 17 is a configuration diagram schema-
tically illustrating a configuration of a heat exchanger
according to Embodiment 2.

[Fig. 18] Fig. 18 is a perspective view schematically
illustrating the configuration of the heat exchanger
according to Embodiment 2.

[Fig. 19] Fig. 19 is a perspective view illustrating
examples of couplings that connect heat transfer
pipes of a windward heat exchange module and a
leeward heat exchange module in the heat exchan-
ger according to Embodiment 2.

[Fig. 20] Fig. 20 is a configuration diagram schema-
tically illustrating the configuration of the heat ex-
changer according to Embodiment 2.

[Fig. 21] Fig. 21 is a perspective view illustrating the
configuration of the heat exchanger according to
Embodiment 2.

[Fig. 22] Fig. 22 is a configuration diagram schema-
tically illustrating a configuration of a heat exchanger
according to Embodiment 3.

[Fig. 23] Fig. 23 is a perspective view illustrating the
configuration of the heat exchanger according to
Embodiment 3.

[Fig. 24] Fig. 24 is a configuration diagram schema-
tically illustrating the configuration of the heat ex-
changer according to Embodiment 3.

[Fig. 25] Fig. 25 is a perspective view illustrating the
configuration of the heat exchanger according to
Embodiment 3.

[Fig. 26] Fig. 26 is a configuration diagram schema-
tically illustrating a configuration of a heat exchanger
according to Embodiment 4.

[Fig. 27] Fig. 27 is a perspective view illustrating the
configuration of the heat exchanger according to
Embodiment 4.

[Fig. 28] Fig. 28 is a configuration diagram schema-
tically illustrating the configuration of the heat ex-
changer according to Embodiment 4.

[Fig. 29] Fig. 29 is a perspective view illustrating the
configuration of the heat exchanger according to
Embodiment 4.

[Fig. 30] Fig. 30 is an explanatory view for the case
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where stagnation of refrigerant occurs in a common
heat exchanger.

[Fig. 31] Fig. 31 is a sectional view illustrating a
configuration of a communication header and a sec-
ond refrigerant distributor of a refrigerant distributor
provided in the heat exchanger according to Embo-
diment 4.

Description of Embodiments

[0013] A heat exchanger and an air-conditioning ap-
paratus according to embodiments of the present dis-
closure will be described with reference to the drawings.
The following descriptions concerning the embodiments
are not limiting, and various modifications can be made
without departing from the gist of the present disclosure.
The presentdisclosure encompasses all combinations of
combinable ones of components that will be described
below regarding the embodiments and modifications
thereof. Furthermore, in each of figures in the drawings,
components that are the same as or equivalentto thosein
a previous figure or previous figures are denoted by the
same reference signs. The same is true of the entire text
of the specification. In each of the figures, for example, a
relationship in dimension between components and
shapes thereof may be different from actual ones.
Furthermore, in each figure, the Z direction corresponds
tothe height direction of the heat exchanger, for example,
a vertical direction; the X direction corresponds to a
direction in which fins of the heat exchanger are stacked,
for example, a horizontal direction; and the Y direction
corresponds to a direction crossing the X direction and
the Z direction, for example, a horizontal direction. The X
direction may be referred to as "first direction"; the Z
direction may be referred to as "second direction"; and
the Y direction may be referred to as "third direction".

Embodiment 1

[0014] Fig. 1is a refrigerant circuit diagram illustrating
an example of the configuration of a refrigeration cycle
apparatus that corresponds to an air-conditioning appa-
ratus according to Embodiment 1.

[0015] As illustrated in Fig. 1, the refrigeration cycle
apparatus corresponding to the air-conditioning appara-
tus 1 includes an outdoor unit 2 and an indoor unit 3. The
outdoor unit 2 and the indoor unit 3 are connected by
refrigerant pipes 4. The outdoor unit 2 is provided with a
compressor 5, a four-way valve 6, an outdoor heat ex-
change module 7a, an outdoor fan 8a, an expansion
valve 9, a refrigerant distributor 10a, and a gas header
11a. The indoor unit 3 is provided with an indoor heat
exchange module 7b, an indoor fan 8b, a refrigerant
distributor 10b, and a gas header 11b.

[0016] Therefrigerantdistributor 10a, the outdoor heat
exchange module 7a, and the gas header 11a form an
outdoor heat exchanger 20a. Similarly, the refrigerant
distributor 10b, the indoor heat exchange module 7b,
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and the gas header 11b form an indoor heat exchanger
20b. The outdoor heat exchanger 20a and the indoor heat
exchanger 20b will be sometimes collectively referred to
"heat exchanger 20". At least one of the outdoor heat
exchanger 20a and the indoor heat exchanger 20b cor-
responds to the "heat exchanger" according to Embodi-
ment 1.

[0017] Furthermore, the outdoor heat exchange mod-
ule 7a and the indoor heat exchange module 7b will be
sometimes collectively referred to as "heat exchange
module 7". The outdoor fan 8a and the indoor fan 8b will
be sometimes collectively referred to "air-sending fan 8".
The refrigerant distributor 10a and refrigerant distributor
10b will be sometimes collectively referred to as "refrig-
erant distributor 10". The gas header 11a and the gas
header 11b will be sometimes collectively referred to as
"gas header 11".

[0018] The above components of the air-conditioning
apparatus 1 as illustrated in Fig. 1 will be described.
[0019] The compressor 5 sucks refrigerant that flows
through the refrigerant pipe 4. The compressor 5 com-
presses the sucked refrigerant and discharges the re-
frigerantto the refrigerant pipe 4. The compressor 5 is, for
example, an inverter compressor. In the case where the
compressor 5 is an inverter compressor, the operating
frequency of the compressor 5 may be arbitrarily chan-
ged by aninverter circuit or other circuits under control by
a controller (not illustrated), whereby the capacity of
refrigerant that the compressor 5 sends out per unit time
is changed. The refrigerant discharged from the com-
pressor 5 flows into the indoor heat exchange module 7b
during heating or flows into the outdoor heat exchange
module 7a during cooling.

[0020] The outdoor heat exchange module 7a causes
heat exchange to be performed between refrigerant that
flows in the outdoor heat exchange module 7a and air that
flows around the outdoor heat exchange module 7a (that
is, outdoor air). The outdoor heat exchange module 7a
operates as a condenser during cooling operation to
condense and liquefy the refrigerant. The outdoor heat
exchange module 7a operates as evaporator during
heating operation to evaporate and gasify the refrigerant.
[0021] The indoor heat exchange module 7b causes
heat exchange to be performed between refrigerant that
flows in the indoor heat exchange module 7b and air that
flows around the indoor heat exchange module 7b (that
is, indoor air in an indoor space to be air-conditioned).
The indoor heat exchange module 7b operates as eva-
porator during the cooling operation to evaporate and
gasify the refrigerant. The indoor heat exchange module
7b operates as a condenser during the heating operation
to condense and liquefy the refrigerant.

[0022] The outdoor heat exchange module 7a and the
indoor heat exchange module 7b are, forexample, finand
tube heat exchangers including heat transfer pipes and
fins.

[0023] Theoutdoorfan8aincludes afan motor81aand
a blade portion 82a. The outdoor fan 8a sends the out-
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door air to the outdoor heat exchange module 7a.
[0024] The indoor fan 8b includes a fan motor 81b and
a blade portion 82b. The indoor fan 8b sends the indoor
air to the indoor heat exchange module 7b. It should be
noted that the fan motor 81a and the fan motor 81b will be
sometimes collectively referred to as "fan motor 81". The
blade portion 82a and the blade portion 82b will be some-
times collectively referred to as "blade portion 82".
[0025] The state of the four-way valve 6 is switched
between a state of the four-way valve 6 that is set for the
cooling operation to cool an indoor space in which the
indoor unit 3 is provided and a state of the four-way valve
6 that is set for the heating operation to heat the indoor
space. The four-way valve 6 is a flow switching device
that switches the flow of the refrigerant between the flow
of the refrigerant in the cooling operation and that in the
heating operation. In the heating operation, the four-way
valve 6 is set in a state indicated by solid lines in Fig. 1,
whereby the refrigerant discharged from the compressor
5 flows into the indoor heat exchange module 7b. At this
time, the indoor heat exchange module 7b of the indoor
unit 3 operates as a condenser, and the outdoor heat
exchange module 7a of the outdoor unit 2 operates as an
evaporator. In the cooling operation, the four-way valve 6
is set in a state indicated by dashed lines in Fig. 1,
whereby the refrigerant discharged from the compressor
5 flows into the outdoor heat exchange module 7a of the
outdoor unit 2. At this time, the outdoor heat exchange
module 7a of the outdoor unit 2 operates as a condenser,
and the indoor heat exchange module 7b of the indoor
unit 3 operates as an evaporator.

[0026] The expansion valve 9 is a pressure reducing
device configured to decompress and expand the refrig-
erant, and is, for example, an electronic expansion valve.
In the case where the expansion valve 9 is the electronic
expansion valve, the opening degree of the expansion
valve 9 is adjusted in response to an instruction from the
controller (not illustrated) or other devices. The expan-
sion valve 9 is provided between the outdoor heat ex-
change module 7a of the outdoor unit 2 and the indoor
heat exchange module 7b of the indoor unit 3.

[0027] The refrigerant distributor 10a provided in the
outdoor unit 2 is connected to one of end portions of the
outdoor heat exchange module 7a. When the outdoor
heat exchange module 7a operates as an evaporator, the
refrigerant distributor 10a distributes the refrigerantto the
heat transfer pipes of the outdoor heat exchange module
7a.

[0028] The gasheader 11a provided in the outdoor unit
2 is connected to the other end portion of the outdoor heat
exchange module 7a. When the outdoor heat exchange
module 7a operates as a condenser, the gas header 11a
causes high-temperature and high-pressure gas refrig-
erant discharged from the compressor 5 to flow into the
heat transfer pipes of the outdoor heat exchange module
7a.

[0029] The refrigerant distributor 10b provided in the
indoor unit 3 is connected to one of end portions of the
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indoor heat exchange module 7b. When the indoor heat
exchange module 7b operates as an evaporator, the
refrigerant distributor 10b distributes the refrigerant to
the heat transfer pipes of the indoor heat exchange
module 7b.

[0030] The gasheader 11b provided in the indoor unit 3
is connected to the other end portion of the indoor heat
exchange module 7b. When the indoor heat exchange
module 7b operates as a condenser, the gas header 11b
causes the high-temperature and high-pressure gas re-
frigerant discharged from the compressor 5 to flow into
the heat transfer pipes of the indoor heat exchange
module 7b.

[0031] The compressor 5, the four-way valve 6, the gas
header 11b, the indoor heat exchange module 7b, the
refrigerant distributor 10b, the expansion valve 9, the
refrigerant distributor 10a, the outdoor heat exchange
module 7a, and the gas header 11a are connected by the
refrigerant pipes 4, whereby a refrigerant circuit is
formed.

[0032] Next, operation of the air-conditioning appara-
tus 1 will be described with reference to Fig. 1.

[0033] AsillustratedinFig. 1, in the case where the air-
conditioning apparatus 1 is in the heating operation, the
high-temperature and high-pressure gas refrigerant dis-
charged from the compressor 5 is caused by the four-way
valve 6 to flow into the indoor heat exchange module 7b
through the gas header 11b. In the indoor heat exchange
module 7b, the refrigerant condenses by exchanging
heat with indoor air that is supplied by the indoor fan
8b. The refrigerant that has condensed changes into
high-pressure liquid refrigerant, and the high-pressure
liquid refrigerant flows out from the indoor heat exchange
module 7b through the refrigerant distributor 10b. Then,
the high-pressure liquid refrigerant is decompressed by
the expansion valve 9 to change into low-pressure two-
phase gas-liquid refrigerant. The low-pressure two-
phase gas-liquid refrigerant flows into the outdoor heat
exchange module 7a via the refrigerant distributor 10a. In
the outdoor heat exchange module 7a, the refrigerant
evaporates by exchanging heat with outdoor air that is
supplied by the outdoor fan 8a. The refrigerant that has
evaporated changes into low-pressure gas refrigerant,
and the low-pressure gas refrigerant is sucked into the
compressor 5.

[0034] In the case where the air-conditioning appara-
tus 1isinthe cooling operation, the refrigerant flows in the
opposite direction to the flow direction of the refrigerantin
the heating operation. That is, in the case where the air-
conditioning apparatus 1 is in the cooling operation, the
high-temperature and high-pressure gas refrigerant dis-
charged from the compressor 5 is caused by the four-way
valve 6 to flow into the outdoor heat exchange module 7a
through the gas header 11a. In the outdoor heat ex-
change module 7a, the refrigerant condenses by ex-
changing heat with outdoor air that is supplied by the
outdoor fan 8a. The refrigerant that has condensed
changes into high-pressure liquid refrigerant, and the
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high-pressure liquid refrigerant flows out from the out-
door heat exchange module 7a through the refrigerant
distributor 10a. Then, the high-pressure liquid refrigerant
is decompressed by the expansion valve 9 to change into
low-pressure two-phase gas-liquid refrigerant. The low-
pressure two-phase gas-liquid refrigerant flows into the
indoor heat exchange module 7b via the refrigerant dis-
tributor 10b. In the indoor heat exchange module 7b, the
refrigerant evaporates by exchanging heat with indoor air
that is supplied by the indoor fan 8b. The refrigerant that
has evaporated changes into low-pressure gas refriger-
ant, and the low-pressure gas refrigerant is sucked into
the compressor 5.

[0035] Next, a configuration of the heat exchanger 20
will be described with reference to Figs. 2to 5. Fig. 2 is a
configuration diagram schematically illustrating a config-
uration of a heat exchanger according to Embodiment 1.
Fig. 3is a perspective view illustrating the configuration of
the heat exchanger according to Embodiment 1. Fig. 4 is
a partially enlarged perspective view illustrating a con-
figuration of a heat exchange module provided in the heat
exchanger according to Embodiment 1. Fig. 5 is a par-
tially enlarged perspective view illustrating the configura-
tion of the heat exchange module provided in the heat
exchanger according to Embodiment 1.

[0036] Asillustrated in Figs. 2 and 3, the heat exchan-
ger 20 includes a heat exchange module 7 and a refrig-
erant distributor 10 connected to one of end portions of
the heat exchange module 7. Furthermore, as illustrated
in Figs. 2 and 3, the heat exchanger 20 further includes a
gas header 11. The gas header 11 is connected to the
other end portion of the heat exchange module 7. An
arrow in Fig. 2 indicates a direction in which the refriger-
ant flows when the heat exchange module 7 operates as
an evaporator. Thatis, when the heat exchange module 7
operates as an evaporator, the refrigerant flows from the
refrigerant distributor 10 into the heat exchange module 7
and flows out toward the compressor 5 (see Fig. 1) via the
gas header 11. On the other hand, when the heat ex-
change module 7 operates as a condenser, the refriger-
antflows in the opposite direction to the direction in which
the refrigerant flows when the heat exchange module 7
operates as an evaporator. That is, when the heat ex-
change module 7 operates as a condenser, the refriger-
ant flows from the gas header 11 into each of the heat
transfer pipes 70 of the heat exchange module 7, then
joins together in the refrigerant distributor 10, and flows
out therefrom toward the expansion valve 9 (see Fig. 1).
[0037] As illustrated in Fig. 4, the heat exchange mod-
ule 7 includes a plurality of fins 71 arranged apart from
each other in the X direction and heat transfer pipes 70
providedin suchamannerasto penetrate the fins 71. The
heat transfer pipes 70 are arranged apart from each other
inthe Z direction crossing the X direction. Thatis, the heat
transfer pipes 70 extend in the X direction. Furthermore,
the heat transfer pipes 70 are joined to the fins 71. The
heat transfer pipes 70 are, for example, flat tubes. It
should be noted that the heat transfer pipes 70 are not
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limited to the flat tubes but may be, for example, small
heat transfer pipes that are smaller in inside diameter
than common heat transfer pipes.

[0038] As illustrated in Fig. 5, in the case where the
heat transfer pipes 70 are flat tubes, each of the heat
transfer pipes 70 is elongated to have a major axis and a
minor axis. The minor axis of the heat transfer pipe 70
extends in the Z direction, and the major axis of the heat
transfer pipe 70 extends in the Y direction. Since the heat
transfer pipe 70 is elongated, the perimeter of the heat
transfer pipe per cross section can be made longer than
that of a circular tube. In this case, assume that the
diameter of the circular tube in this case is equal to the
length of the minor axis of the flat tube. In such a manner,
the heat transfer pipe 70 is formed to be longer in peri-
meter than the circular tube. To that extent, the heat
transfer pipe 70 is larger in heat transfer area than the
circular tube.

[0039] Furthermore, inthe example illustrated in Fig. 5,
the heat transfer pipes 70 are porous flat tubes. In this
case, the interior of each of the heat transfer pipes 70 is
divided by interior columns 72 into smaller tubes that form
a plurality of refrigerant flow passages 73 thatare small in
diameter. By contrast, the circular tube is configured to
have only one refrigerant flow passage that is large in
diameter. Each of the heat transfer pipes 70 as illustrated
in Fig. 5 can be segmented such that its length of contact
between the refrigerant and the tube interior per cross
section is more than double that of an unsegmented flat
tube. Thus, itis possible toincrease the heattransferarea
of the interior of the heat transfer pipe 70. As a result, the
heat exchange efficiency is further improved.

[0040] In such a manner, by using segmented heat
transfer pipes (for example, flat tubes), it is possible to
obtain some advantages, for example, it is possible to
reduce the amount of the refrigerant and improve the
performance of the heat exchange module 7. However, in
order to reduce a pressure loss of the refrigerant, it is
necessary to increase the number of refrigerant streams
into which the refrigerant is branched, because the flat
tubes are small in hydraulic diameter. However, it should
be noted that when the number of refrigerant streams into
which the refrigerantis branched is increased, itis hard to
evenly distribute the refrigerant to the heat transfer pipes
70 when the heat exchange module 7 operates as an
evaporator. In view of this point, in Embodiment 1, in
order to evenly distribute the refrigerant to the heat
transfer pipes 70 and provide an optimum number of
rows in the heat exchange module 7, a refrigerant dis-
tributor 10 obtained by combining two types of distribu-
tors having different configurations is used. This will be
described in detail.

[0041] As illustrated in Figs. 2 and 3, the refrigerant
distributor 10 is connected to one of end portions of the
heat exchange module 7 in the X direction. The one end
portion of the heat exchange module 7 in the X direction
may be sometimes referred to as "first end portion". The
other end portion of the heat exchange module 7 in the X
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direction may be sometimes referred to as "second end
portion". The gas header 11 is connected to the second
end portion of the heat exchange module 7. As illustrated
in Figs. 2 and 3, the refrigerant distributor 10 includes one
or more distributors 10-1 and one communication header
10-2. Fig. 2illustrates an example in which the refrigerant
distributor 10 includes N distributors 10-1 and one com-
munication header 10-2. The number of distributors 10-1
may be any number greater than or equal to 1. It suffices
thatthe number of distributors 10-1 is appropriately setas
needed. Thatis, N is an arbitrary integer greater than or
equal to 1. The N distributors 10-1 and the one commu-
nication header 10-2 are arranged side by side in the Z
direction. Supposing that the Z direction is an up-down
direction, the communication header 10-2 is provided
under the distributors 10-1. Furthermore, where M is
the number of refrigerant streams into which the refrig-
erant is branched in each of the distributors 10-1 is M,
some of the heat transfer pipes 70 of the heat exchange
module 7 (N X M of the total number of heat transfer pipes
70) are connected to the N distributors 10-1. On the other
hand, some others (K) of the plurality of heat transfer
pipes 70 of the heat exchange module 7 are connected to
the communication header 10-2.

[0042] Ineach ofallthe distributors 10-1, the number of
refrigerant streams into which the refrigerant is branched
is M. Although the following description concerning Em-
bodiment 1 is made by referring to by way of example the
case where Mis 8, Mis notlimited to 8. It suffices that M is
an integer greater than or equal to 2. It should be noted,
however, that M is a power of 2. Therefore, since the
number of refrigerant streams into which the refrigerantis
branched in each of the N distributors 10-1 is M, the
number of heat transfer pipes 70 that are connected to
all the distributors 10-1is N X M as described above. On
the other hand, the number of refrigerant streams into
which the refrigerant is branched in the communication
header 10-2is K. Accordingly, the number of heat transfer
pipes 70 that are connected to the communication head-
er is K. The total number of heat transfer pipes 70 of the
heat exchange module 7 is N X M + K. The total number
of heat transfer pipes 70 of the heat exchange module 7
may be sometimes referred to as "the number of paths in
the heat exchange module 7" or "the number of rows in
the heat exchange module 7". In Embodiment 1, K is set
to a value smaller than M. That is, in the case where M is
8, Kis an arbitrary integer that falls within the range of 1 to
7. This will be described in detail.

[0043] Fig.6is a sectional view illustrating an example
of the configuration of a communication header provided
in the heat exchanger according to Embodiment 1. As
illustrated in Fig. 3, the communication header 10-2 is
formed in the shape of a cylinder having a bottom and
extending in the Z direction. The communication header
10-2 has an upper portion and a lower end portion thatare
closed. Furthermore, as illustrated in Fig. 6, the commu-
nication header 10-2 includes one first opening 100 and a
plurality of second openings 101 in its side surface. The
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first opening 100 faces the second openings 101. The
number of the second openings 101 corresponds to the
number of refrigerant streams into which the refrigerant is
branched in the communication header 10-2, that is, the
number of refrigerant streams into which the refrigerant is
branched in the communication header 10-2. In the ex-
ample illustrated in Fig. 2, the number of refrigerant
streams into which the refrigerant is branched in the
communication header 10-2 is K. Accordingly, the num-
ber of the second openings 101 is K. The K second
openings 101 of the communication header 10-2 are
connected with the K ones of the heat transfer pipes
70 of the heat exchange module 7. The second openings
101 serve as heat transfer pipe insertion spaces. As
illustrated in Fig. 6, the communication header 10-2 in-
cludes a communication space 102 therein. The com-
munication space 102 extends in the Z direction. The
communication space 102 communicates with the first
opening 100 and communicates with all the second
openings 101. Refrigerant that flows into the communi-
cation space 102 through the first opening 100 flows out
to the heat transfer pipes 70 of the heat exchange module
7 through the K second openings 101. In such a manner,
the communication header 10-2 operates as a distributor
configured to cause the refrigerant that flows thereinto to
branch into K refrigerant streams and cause the refrig-
erant streams to flow out to the heat transfer pipes 70 of
the heat exchange module 7.

[0044] Furthermore, the gas header 11 has a similar
configuration to that of the communication header 10-2
asillustrated in Fig. 6. Thatis, the gas header 11 is formed
in the shape of a cylinder having a bottom and extending
in the Z direction. The gas header 11 has an upper end
portion and a lower end portion that are closed. Further-
more, the gas header 11 includes one first opening and a
plurality of second openings that are formed in its side
surfaces. The gas header includes a communication
space therein. The communication space extends in
the Z direction. The communication space communi-
cates with the first opening and all the second openings.
The refrigerant that flows into the communication space
through the first opening flows out through the second
openings 101 to connection pipes connected to the gas
header 11.

[0045] Fig. 7 is an exploded perspective view illustrat-
ing an example of the configuration of a distributor pro-
vided in the heat exchanger according to Embodiment 1.
As illustrated in Fig. 7, each of the distributors 10-1
includes a stack type header including, for example,
one first opening 103, a plurality of second openings
104, and distribution flow passages 105 connecting the
first opening 103 with the second openings 104.

[0046] The distribution flow passages 105 include a
first flow passage 105a and two first branch flow pas-
sages 105b into which the first flow passage 105a
branches. Furthermore, the distribution flow passages
105 include a second flow passage 105c connected with
a first branch flow passage 105b and two second branch
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flow passages 105d into which the second flow passage
105c branches. Furthermore, the distribution flow pas-
sages 105 include a third flow passage 105e connected
with a second branch flow passage 105d and two third
branch flow passages 105f into which the third flow
passage 105e branches. Thus, in the distributor 10-1,
branching of the refrigerantinto two refrigerant streams is
repeated three times, and the number M of refrigerant
streams into which the refrigerant is branched is 8 (= 23).
The above description concerning Embodiment 1 is
made with reference to the case where the number M
of times the refrigerant is branched is 8, but it is not
limiting. That is, the distributor 10-1 is a two-branch
distributor in which the number of refrigerant streams
into which the refrigerant is branched is a power of 2.
Although the following description is made by referring to
by way of example the case where in the distributor 10-1,
branching of the refrigerantinto two refrigerant streams is
repeated three times, it is not limiting, and the number of
refrigerant streams into which the refrigerant is branched
may be 2X. X is an arbitrary integer greater than or equal
to 1.

[0047] As illustrated in Fig. 7, the distributor 10-1 in-
cludes a first plate-like element 106, a second plate-like
element 107, and a third plate-like element 108. As
illustrated in Fig. 7, the first plate-like element 106, the
second plate-like element 107, and the third plate-like
element 108 basically have the same shape and the
shape size in outer perimeter, and are each formed in
the shape of a rectangular plate that is vertically long.
Accordingly, the longitudinal direction of each of the first
plate-like element 106, the second plate-like element
107, and the third plate-like element 108 is the Z direction.
Thus, the distributor 10-1 is formed by a stack of one or
more plate-like elements each having a flow passage that
causes the refrigerant to branch into two refrigerant
streams.

[0048] Furthermore, as illustrated in Fig. 7, the distri-
butor 10-1 further includes a communication wall 109
provided between the first plate-like element 106 and the
second plate-like element 107 and a collision wall 110
provided between the second plate-like element 107 and
the third plate-like element 108. Asiillustrated in Fig. 7, the
communication wall 109 and the collision wall 110 are
formed in the shape of a rectangular plate that is vertically
long. As illustrated in Fig. 7, the communication wall 109
and the collision wall 110 basically have the same plate
shape and the same size in perimeter as those of the first
plate-like element 106, the second plate-like element
107, and the third plate-like element 108. Therefore,
the longitudinal direction of each of the first plate-like
element 106, the second plate-like element 107, and the
third plate-like element 108 is the Z direction.

[0049] The first plate-like element 106, the communi-
cation wall 109, the second plate-like element 107, the
collision wall 110, and the third plate-like element 108 are
stacked together in this order, thereby forming the stack
type header included in the distributor 10-1.
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[0050] AsillustratedinFig.7,thefirstplate-like element
106 is provided with the first opening 103. The first open-
ing 103 is, for example, an inlet tube. The first opening
103 is provided in central part of the first plate-like ele-
ment 106 in the longitudinal direction of the first plate-like
element 106 that is vertically long. Furthermore, as illu-
strated in Fig. 7, the first plate-like element 106 is pro-
vided with two second flow passages 105c. One of the
two second flow passages 105c is located above the first
opening 103, and the other of the two second flow pas-
sages 105c is located below the first opening 103. Each
of the second flow passages 105c is formed in the shape
of a projection. Although the second flow passage 105c
basically extends substantially in the Z direction, the
second flow passage 105c is inclined at a certain angle
relative to the Z direction. The second flow passage 105¢
projects in a direction away from the communication wall
109. The second flow passage 105c has a groove there-
in. Furthermore, a pair of third flow passages 105e are
provided on both sides of the second flow passage 105c
in the Y direction. Each of the third flow passages 105¢ is
formed in the shape of a projection. Although the third
flow passage 105e basically extends substantially in the
Z direction, the third flow passage 105e is inclined at a
certain angle relative to the Z direction. The third flow
passage 105e is provided to extend parallel to the second
flow passage 105c. The third flow passage 105e projects
in adirection away from the communication wall 109. The
third flow passage 105e has a groove therein. An end
portion (hereinafter "first end portion") of the third flow
passage 105e is located at the same level as an end
portion (hereinafter "first end portion") of the second flow
passage 105c.

[0051] The communication wall 109 has a plurality of
through holes formed therethrough. The through holes
include first through holes 109a, second through holes
109b, and third through holes 109c. The first through
holes 109a, the second through holes 109b, and the third
through holes 109c extend through the communication
wall 109. The first opening 103 and second end portions
of the second flow passages 105c communicate with
each other via three first through holes 109a of the above
through holes, the three first through holes 109a being
provided in central part of the communication wall 109 in
the longitudinal direction of the communication wall 109
and being arranged in the Y direction. The second end
portion of each of the second flow passages 105c is
located on the opposite side of a side where the first
end portion of that second flow passage 105c is located,
in the longitudinal direction. Furthermore, three second
through holes 109b arranged in the Y direction are lo-
cated above the first through holes 109a, and other three
second through holes 109b arranged in the Y direction
are located below the first through holes 109a. The first
end portions of the second flow passages 105c and first
end portions of the third flow passages 105e commu-
nicate with each other via the second through holes 109b.
Of the third through holes 109c, one third through hole
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109c is located above the second through holes 109b,
and another one third through hole 109c is located below
the second through holes 109b. The third through holes
109¢ communicate with second end portions of the third
flow passages 105e. The second end portion of each of
the third flow passages 105e is located on the opposite
side of a side where the first end portion of the third flow
passage 105e is located, in the longitudinal direction.
[0052] The second plate-like element 107 includes a
plurality of slits provided to cause the refrigerant to
branch into two refrigerant streams. The slits include a
first slit 107a, second slits 107b, and third slits 107c. The
first slit 107a, the second slits 107b, and the third slits
107¢ extend through the second plate-like element 107.
The first opening 103 and the second end portions of the
second flow passages 105c communicate with each
other via an I-shaped first slit 107a of the above slits that
is formed in central part of the second plate-like element
107 in the longitudinal direction of the second plate-like
element 107. The longitudinal direction of the first slit
107ais the Y direction. The refrigerant that flows from the
first opening 103 passes through the first flow passage
105a and flows into the first slit 107a of the second plate-
like element 107. The refrigerant that passes through the
first slit 107a branches into two refrigerant streams by
colliding with the collision wall 110. Then, the refrigerant
streams pass through the first branch flow passages
105b and flow into the second end portions of the second
flow passages 105c¢ of the first plate-like element 106.
[0053] Furthermore, asillustrated in Fig. 7, the second
slits 107b include an I-shaped second slit 107b formed
above the I-shaped first slit 107a of the second plate-like
element 107 and an I-shaped second slit 107b formed
below the I-shaped first slit 107a of the second plate-like
element 107. The longitudinal direction of each of the
second slits 107b is the Y direction. The refrigerant that
flows through the second flow passage 105c¢ flows out
from the first end portion of the second flow passage
105c. Then, the refrigerant passes through a second slit
107b of the second plate-like element 107 and collides
with the collision wall 110 to branch into two refrigerant
streams. Then, the refrigerant streams pass through the
second branch flow passages 105d and flow into the first
end portions of the third flow passages 105e of the first
plate-like element 106.

[0054] Furthermore, as illustrated in Fig. 7, the third
slits 107c include S-shaped third slits 107¢ provided
above and below the I-shaped second slits 107b of the
second plate-like element 107. The refrigerant that flows
through the third flow passage 105e flows out from the
second end portion of the third flow passage 105e. Then,
the refrigerant flows into central portion of the S-shaped
third slit 107c of the second plate-like element 107. The
refrigerant that passes through the central portion of the
third slit 107c collides with the collision wall 110 to branch
into two refrigerant streams. Then, the two refrigerant
streams flow out from both ends of the S-shaped third slit
107c in the Z direction.
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[0055] The collision wall 110 has a plurality of I-shaped
slits 110a formed therein. The longitudinal direction of the
slits 110ais the Y direction. These slits 110a are provided
in association with the locations of the heat transfer pipes
70.

[0056] Furthermore, the third plate-like element 108
has the second openings 104. The second openings 104
are I-shaped slits. The longitudinal direction of each of the
second openings 104 is the Y direction. These second
openings 104 are arranged in association with the loca-
tions of the heat transfer pipes 70. The second openings
104 serve as heat transfer pipe insertion spaces into
which the heat transfer pipes 70 are inserted. The re-
frigerant that flows out from both ends of an S-shaped
third slit 107c of the second plate-like element 107 inthe Z
direction passes through slits 110a of the collision wall
110 and second openings 104 of the third plate-like
element 108 along the third branch flow passages 105f
and flows into heat transfer pipes 70.

[0057] The distributor 10-1 is not limited to the stack
type header as illustrated in Fig. 7. Fig. 8 is a perspective
view illustrating another example of the configuration of a
distributor provided in the heat exchanger according to
Embodiment 1. Fig. 9 is a sectional view illustrating the
configuration of the distributor as illustrated in Fig. 8.
[0058] As illustrated in Figs. 8 and 9, each of the dis-
tributors 10-1 may be a Y-joint that is Y-shaped and that
has a flow passage provided to cause the refrigerant to
branch into two refrigerant streams. In that case, the
distributor 10-1 includes one first opening 103 and a
plurality of second openings 104. Furthermore, as illu-
strated in Fig. 9, the distributor 10-1 has a flow passage
120 through which the refrigerant flows and thatis formed
in the distributor 10-1. The flow passage 120 branches
into two branches at a branch point between the first
opening 103 and the second openings 104. The branch
point serves as a collision wall 121. The refrigerant that
flows from the first opening 103 branches into two re-
frigerant streams by colliding with the collision wall 121.
[0059] Furthermore, as indicated by dashed lines in
Fig. 8, a plurality of other Y-joints are prepared and
coupled to the distributor 10-1 in the X direction, whereby
a two-branch distributor can be formed in which the
number of refrigerant streams into which the refrigerant
is branched is a power of 2. That is, the number of
refrigerant streams into which the refrigerant is branched
is 4 when two rows of Y-joints are coupled in the X
direction, and the number of refrigerant streams into
which the refrigerant is branched is 8 when three rows
of Y-joints are coupled in the X direction.

[0060] As described above, each of the distributors
10-1 includes one first opening 10-1 and a plurality of
second openings 104 whichever of a stack type header
as illustrated in Fig. 7 or a Y-joint as illustrated in Figs. 8
and 9 corresponds to the distributor 10. Moreover, one or
more of the heat transfer pipes 70 of the heat exchange
module 7 are connected with the second openings 104.
Furthermore, the distributors 10-1 each include collision
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walls 110 and 121 therein, and are each provided to
cause refrigerant that flows from the first opening 103
to branch into refrigerant streams because of collision of
the refrigerant with the collision walls 110 and 121, and
cause the refrigerant streams to flow out from the re-
spective second openings 104. Furthermore, each of the
distributors 10-1 is a two-branch distributor in which
branching of the refrigerant into two refrigerant streams
is repeated a plurality of times and the number M of
refrigerant streams into which the refrigerant is branched
is a power of 2.

[0061] When the heat exchange module 7 operates as
an evaporator, the first opening 103 of each of the dis-
tributors 10-1 may be sometimes referred to "first inlet",
and the second openings 104 of each of the distributors
10-1 may be sometimes referred to as "first outlets".
Furthermore, the first opening 100 of the communication
header 10-2 may be sometimes referred to as "second
inlet", and the second openings 101 of the communica-
tion header 10-2 may be sometimes referred to as "sec-
ond outlets".

[0062] As described above, where M is the number of
refrigerant streams into which the refrigerant is branched
in each distributor 10-1 and Kis the number of refrigerant
streams into which the refrigerant is branched in the
communication header 10-2, in Embodiment 1, K is set
to a value smaller than M. If the refrigerant distributor 10
does not include a communication header 10-2 and in-
cludes the distributors 10-1 only, the number of rows in
the heat exchange module 7 is increased in increment of
Mrows depending on the number (N) of distributors 10-1.
In this case, itis hard to use the heat exchange module 7
having an optimum number of rows, because the opti-
mum number of rows in the heat exchange module 7 is
not necessarily a multiple of M

[0063] Fig. 10 is a graph indicating a relationship be-
tween the number of paths in the heat exchange module
ofthe heat exchanger according to Embodiment 1 and an
annual performance factor (APF). In Fig. 10, the horizon-
tal axis represents the number of paths in the heat ex-
change module, and the vertical axis represents the
annual performance factor APF. It should be noted that
the annual performance factor APF is an index based on
JIS C9612 that represents cooling and heating capacity
per kilowatt of electricity that is consumed when an air-
conditioning apparatus is in operation under certain con-
ditions (set forth in JIS C9612). The higher the value of
value of the annual performance factor APF, the higher
the energy-saving performance. It can be seen from the
graph of Fig. 10 that the value of the annual performance
factor APF changes depending on the number of paths in
the heat exchange module 7. In the graph of Fig. 10, the
value of the annual performance factor APF is the highest
when the number of paths in the heat exchange module 7
isN X M+ K.

[0064] By contrast, when the number of paths in the
heat exchange module 7 is N X M, the annual perfor-
mance factor APF is the lowest value, and when the
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number of paths in the heat exchange module 7is (N + 1)
X M, the annual performance factor APF is the second
lowest, for the following reason. It should be noted that
the optimum number of rows is N X M + K. However,
when the number of path is N X M, the number of rows in
the heat exchange module 7 is insufficient. Thus, a
pressure loss in the pipes increases because of an
increase in the flow velocity of refrigerant, and as aresult,
the performance of the evaporator performance deterio-
rates. When the number of paths is (N + 1) X M, the
number of rows in the heat exchange module 7 in-
creases, and the thermal conductivity decreases be-
cause of a decrease in the flow velocity of the refrigerant,
thereby deteriorating the performance of the condenser.
[0065] Therefore, in each of the heat exchangers, a
certain number of paths that cause the annual perfor-
mance factor APF to reach the maximum value are
present. However, in the case where the refrigerant dis-
tributor 10 includes only the distributors 10-1 without
including the communication header 10-2, the number
of rows in the heat exchange module 7 is increased in
increment of M rows according to the number (N) of the
distributors 10-1. Thus, the optimum number of paths
cannot be provided. In Embodiment 1, the number of
paths in the communication header 10-2 is Kand Kiis set
to a value smaller than M, whereby it is possible to easily
provide the optimum number of paths in the heat ex-
change module 7 by appropriately selecting the value of
K'in the range of 1 to 7.

<Comparative Example>

[0066] Next, the disadvantages of a refrigerant distri-
butor 10 including only a communication header 10-2
without including distributors 10-1 will be described with
reference to Figs. 11 to 14. Fig. 11 is a block diagram
illustrating a configuration of a heat exchanger of a com-
parative example. Fig. 12 is an explanatory view for the
flow rates of refrigerant through heat transfer pipes and
the communication header under conditions where the
flow rate of flow of refrigerantin the heat exchanger of the
comparative example is small. Fig. 13 is an explanatory
view for a refrigerant distribution state under conditions
where the flow amount of circulation of the refrigerant in
an air-conditioning apparatus of the comparative exam-
pleis small. Fig. 14 is an explanatory view for a refrigerant
distribution view under conditions where the flow amount
of circulation of the refrigerant in the air-conditioning
apparatus of the comparative example is large.

[0067] As illustrated in Fig. 11, the heat exchanger of
the comparative example includes a heat exchange
module 7R in which the number of rows is L, a refrigerant
distributor 10R, and a gas header 11R. The refrigerant
distributor 10R includes only a communication header
10-2R in which the number of refrigerant streams into
which the refrigerant branchesis L. As the number oftime
the refrigerant branches in the communication header
10-2R, it is possible to select an arbitrary number.
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[0068] Fig. 12illustrates the flow rates of the refrigerant
in the communication header 10-2R and heat transfer
pipes 70 in the comparative example under conditions
where the flow rate of the refrigerant is small. As illu-
strated in Fig. 12, a pressure loss in the communication
header 10-2R is caused mainly by a flow resistance due
to gravity. Furthermore, a pressure loss in each of the
heat transfer pipes 70 is caused mainly by a frictional
resistance. Therefore, a lower resistance due to is ap-
plied on refrigerant that flows through the paths of heat
transfer pipes 70 connected to lower part of the commu-
nication header 10-2R than on refrigerant that flows
through the paths of heat transfer pipes 70 connected
to upper part of the communication header 10-2R. Since
a lower resistance is applied, the flow rate of the refrig-
erant that flows through the path of a heat transfer pipe 70
connected to the lower part of the communication header
10-2R tends to increase accordingly.

[0069] In such a manner, in the comparative example
illustrated in Fig. 12, in the case where two-phase gas-
liquid refrigerantis caused to flow into the communication
header 10-2R, the flow velocity of the refrigerant in the
heattransfer pipes 70 decreases under conditions where
the flow rate of the refrigerant is low. Therefore, the
pressure loss in the heat transfer pipes 70 remarkably
decreases, whereby the rate of the pressure loss due to
gravity in the communication header 10-2R relatively
increases. Therefore, under the influence of the pressure
loss due to gravity, it is harder to cause the liquid refrig-
erant to flow into the upper part of the communication
header 10-2R, and the liquid refrigerant flows intensively
through the lower part of the communication header
10-2R. As aresult, the amount of heat exchange via heat
transfer pipes 70 connected to the upper part of the
communication header 10-2R is reduced, thereby dete-
riorating the heat exchanging performance.

[0070] As aresult, as illustrated in Fig. 13, in the case
where the flow amount of circulation of the refrigerant is
small, the flow of refrigerant among the heat transfer
pipes 70 may be uneven. In the case where the flow
amount of circulation of the refrigerant is small, the flow
velocity of the refrigerant that flows into the communica-
tion header 10-2R is relatively low. Therefore, under the
influence of gravity, a liquid-phase component of the
refrigerant that is higher in specific gravity flows down-
ward in the communication header 10-2R, and a gas-
phase component of the refrigerant that is lower in spe-
cific gravity flows upward in the communication header
10-2R. Thus, itis hard to cause the liquid-phase compo-
nent to reach upper ones of the plurality of heat transfer
pipes 70. Consequently, the amount of passage of the
refrigerant in the heat transfer pipes 70 varies depending
on the level in the Z direction, that is, the amount of
passage of the refrigerant is uneven, whereby the flow
of the refrigerant may be uneven. As illustrated regarding
the comparative example in Fig. 13, when a gas-phase
component of the refrigerant that is low in specific gravity
flows into one end of a heat transfer pipe 70 located at a
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relative high position, the refrigerant that flows out from
the other end of the heat transfer pipe 70 becomes too
high in degree of superheat. As a result, while the re-
frigerant is flowing through the heat transfer pipe 70, it
cannot not change in phase, and thus cannot achieve a
sufficient heat-exchange performance. On the other
hand, when a liquid-phase component of the refrigerant
that is higher in specific gravity flows into one end of a
heat transfer pipe 70 located at a relatively high position,
the refrigerant that flows out from the other end of the heat
transfer pipe 70 does not easily have a degree of super-
heat. Consequently, the refrigerant may reach the other
end of the heat transfer pipe 70 without evaporating.
Accordingly, in this case also, the refrigerant does not
illustrate fully a heat-exchange performance. In such a
manner, in the case where the flow of the refrigerant
between the heat transfer pipes 70 is uneven, the refrig-
erant does not achieve a sufficient heat-exchange per-
formance, thus deteriorating the air-conditioning perfor-
mance of the air-conditioning apparatus decreases.

[0071] Fig. 14 illustrates the case where the flow
amount of circulation of the refrigerant is large. As illu-
strated in Fig. 14, in the case where the flow amount of
circulation of the refrigerant is large, the flow of the
refrigerant between the heat transfer pipes 70 may also
be uneven. In the case where the flow amount of circula-
tion of the refrigerant is large, the flow velocity of refrig-
erant that flows into the communication header 10-2R is
relatively high. Therefore, in the case where the flow
amount of circulation of the refrigerant is large, a Ii-
quid-phase component of refrigerant that forcibly passes
through an inlet of the communication header 10-2R
tends to collect at a higher position in the communication
header 10-2R, because the liquid-phase component is
high in specific gravity. That is, in this case, the liquid-
phase component that is higher in specific gravity tends
to collect at a higher position, and a gas-phase compo-
nent that is lower in specific gravity tends to collect at a
low position. As a result, the flow of the refrigerant be-
tween the heat transfer pipes 70 is uneven as illustrated
in Fig. 14. In this case, it is impossible to achieve a
sufficient heat-exchange performance for the same rea-
son as described above, thus deteriorating the air-con-
ditioning performance of the air-conditioning apparatus.
[0072] For the above reasons, it is important to evenly
distribute the refrigerant to all heat transfer pipes 70 to
prevent the flow of the refrigerant between the heat
transfer pipes 70 from becoming uneven. In the case
where only the communication header is used, as de-
scribed with reference to the comparative example illu-
strated in Figs. 12 to 14, the flow of refrigerant between
the heat transfer pipes 70 become uneven, for example,
because of the effect of gravity. In the case where the
number of rows of heat transfer pipes 70 that are con-
nected to one communication header is small, for exam-
ple, 10 or less, the degree of the uneven flow of the
refrigerant is low. By contrast, the number of rows of heat
transfer pipes 70 is large, for example, 20 to 80, and the
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larger the number of rows, the higher the degree of the
uneven flow.

[0073] In view of the above, in Embodiment 1, the
number of rows of heat transfer pipes 70 that are con-
nected to the communication header 10-2 (= the number
K of refrigerant streams into which the refrigerant
branches) is set smaller than or equal to 7. In the case
where the number of rows is small, for example, 7 or less,
the flow of the refrigerant hardly become uneven regard-
less of whether the flow amount of circulation of the
refrigerant is large or small. Furthermore, since an un-
even flow of the refrigerant is caused by the effect of
gravity, the communication header 10-2 is provided at a
low position such that the communication header 10-2 is
not easily affected by gravity. To be more specific, the
communication header 10-2 is provided under the one or
more distributors 10-1. As a result, the communication
header 10-2 is not easily affected by gravity, whereby it is
possible to further reduce the likelihood of production of
an uneven flow of refrigerant in the communication head-
er 10-2.

[0074] Furthermore, in Embodiment 1, as the distribu-
tors 10-1, two-branch distributors are used. In each of the
two-branch distributors, branching of the refrigerant into
two refrigerant streams is repeated a number of times. In
Embodiment 1, in an example, the number M of refrig-
erant streams into which the refrigerant branches in each
of the distributors 10-1 is 8. If the refrigerant is branched
into eight refrigerant streams at once, such an uneven
flow of refrigerant as described above is produced, and it
is therefore hard to evenly distribute the refrigerant to the
heat transfer pipes 70. Therefore, in Embodiment 1, the
two-branch distributors are used in order that the refrig-
erant be distributed as evenly as possible. In each of the
two-branch distributors, branching of the refrigerant into
two refrigerant streams is repeated until a final number of
refrigerant streams are obtained (in Embodiment 1, the
final number of refrigerant streams is M). As a result, itis
possible to evenly distribute the refrigerant.

[0075] However, it should be noted that in the case of
simply using only two-branch distributors, an uneven flow
of refrigerant is not easily produced; however, since the
number of refrigerant streams into which the refrigerantis
branched is fixed, the number of rows in the heat ex-
change module 7 isincreased in increments of M rows as
described above. Thus, the "increments of M rows" im-
poses restrictions on the degree of freedom in the design
of the heat exchange module 7. It is therefore impossible
to select an appropriate number of rows for maximizing
the annual performance factor APF.

[0076] In view of the above, Embodiment 1 uses a
combination of distributors 10-1 each including the
two-branch distributors that easily evenly distribute the
refrigerant and the communication header 10-2. Further-
more, in the embodiment, the number of refrigerant
streams into which the refrigerant is branched in each
distributor is M, the number of refrigerant streams into
which the refrigerant is branched in the communication
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header 10-2 is K, and K is set to a value smaller than M.
Thus, first, by setting the number of refrigerant streams
into which the refrigerant is branched in the communica-
tion header 10-2 to a small value, it is possible to reduce
the likelihood of production of an uneven flow of refrig-
erant in the communication header 10-2. Second, by
setting the number of rows in the heat exchange module
7toN X M+ Kandfreely selecting K from the range of 1 to
7, the degree of freedom in the design of the heat ex-
change module 7 is increased, whereby it easily be-
comes possible to select an appropriate number of rows
for maximizing the annual performance factor APF.

<Advantages of Embodiment 1>

[0077] As described above, Embodiment 1 uses the
refrigerant distributor 10 that is a combination of two
types of distributors. Thus, even in the case of using,
as the heat transfer pipes, segmented heat transfer pipes
such as flat tubes, it is possible to provide the heat
exchange module 7 that evenly distributes the refrigerant
to the heat transfer pipes 70 and that has an optimum
number of rows for maximizing the heat exchange per-
formance.

[0078] Specifically, the refrigerant distributor 10 in-
cludes distributors 10-1 in each of which the number of
refrigerant streams into which the refrigerant branches is
M and a communication header 10-2 in which the number
of refrigerant streams into which the refrigerant branches
is K. The distributors 10-1 each include a collision wall
therein, and are each configured to cause the refrigerant
to branch into refrigerant streams because of collision of
the refrigerant with the collision wall. Each of the distri-
butors 10-1 is a two-branch distributor in which the num-
ber of refrigerant streams into which the refrigerant
branches is a power of 2. Since each of the distributors
10-1 repeats branching of the refrigerant into two refrig-
erant streams until a final number M of refrigerant
streams are obtained, and thus can more evenly distri-
bute the refrigerant as compared with the case where the
refrigerant is caused to branch into a final number M of
refrigerant streams at once. However, since the number
of refrigerant streams into which the refrigerant is
branched in each of the distributors 10-1 is M that is
fixed, the degree of freedom in the design of the heat
exchange module 7 is restricted. In the case where the
value of M is greater than or equal to 8, the number of
rows in the heat exchange module 7 greatly changes
when the number of distributors 10-1 increases or de-
creases by 1. Thus, Embodiment 1 ensures the degree of
freedom in the design of the heat exchange module 7 by
using in combination with the distributors 10-1, the com-
munication header 10-2 in which the number K of refrig-
erant streams into which the refrigerant branches can be
freely selected. As aresult, itis possible to obtain the heat
exchange module 7 that has an optimum number of paths
for maximizing the annual performance factor APF. In
such amanner, in Embodiment 1, itis possible to improve
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the heat exchanging performance by using the distribu-
tors 10-1 in each of which the number of refrigerant
streams into which the refrigerant branches is M in com-
bination with the communication header 10-2 in which the
number of refrigerant streams into which the refrigerant
branches is K.

[0079] As described above, in the heat exchanger 20
and the air-conditioning apparatus 1 according to Embo-
diment 1, the refrigerant distributor 10 of the heat ex-
changer 20 includes one or more distributors 10-1 each
including a collision wall therein and each configured to
cause the refrigerant to branch into refrigerant streams
because of collision of the refrigerant with the collision
wall and the communication header 10-2 configured to
cause the refrigerant to branch into refrigerant streams
via a communication space. Furthermore, the number K
of refrigerant streams into which the refrigerant is
branched in the communication header 10-2 is set to a
value smaller than the number M of refrigerant streams
into which the refrigerantis branched in each of the one or
more distributors 10-1. As a main method for distributing
the refrigerant, one or more distributors 10-1 each of
which easily evenly distributes the refrigerant are used.
Thus, the heat exchanger 20 can evenly distribute the
refrigerant as a whole. Furthermore, in order to prevent
the "increments of M rows" from imposing restrictions on
the freedom of design depending on the number M of
refrigerant streams into which the refrigerant is branched
in each of the one or more distributors, the communica-
tion header 10-2 configured to cause the refrigerant to
branch into the number K of refrigerant streams that is
smaller than M is used in combination with the one or
more distributors. It is therefore possible to freely select
the number of rows in the heat exchanger 20. As aresult,
it is possible to design the heat exchanger 20 that has an
optimum number of rows for maximizing the performance
of the heat exchanger 20.

Modification of Embodiment 1

[0080] Fig. 15 is a block diagram illustrating a config-
uration of a heat exchanger according to a modification of
Embodiment 1. Fig. 16 is a perspective view illustrating
the configuration of the heat exchanger according to the
modification of Embodiment 1. In the modification, as
illustrated in Figs. 15 and 16, the heatexchange module 7
includes a main heat exchange module 7A and an aux-
iliary heat exchange module 7B. Where the number of
rows in the heat exchange module 7 is L, the number of
rows in the main heat exchange module 7Ais K+ N x 2X
and the number of rows in the auxiliary heat exchange
module 7B is L - (K + N X 2X). In this case, 2X = M.

[0081] The main heat exchange module 7A has the
same configuration as the heat exchange module 7 of
Embodiment 1. Therefore, the refrigerant distributor 10
and the gas header 11 are connected to respective ends
of the main heat exchange module 7A in the X direction.
[0082] The auxiliary heat exchange module 7B is pro-
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vided under the main heat exchange module 7A. The
auxiliary heat exchange module 7B serves as an aid for
the main heat exchange module 7A. For example, when
the heat exchange module 7 operates as a condenser,
the refrigerant flows through the main heat exchange
module 7A and the auxiliary heat exchange module 7B
in this order. Accordingly, the refrigerant is subjected to
heat exchange in the main heat exchange module 7A to
change into low-temperature refrigerant, and the low-
temperature refrigerant is then subjected to heat ex-
change in the auxiliary heat exchange module 7B and
is thus cooled. Itis therefore possible to obtain a sufficient
degree of subcooling. Furthermore, the main heat ex-
change module 7A is smaller in the number of rows than
the auxiliary heat exchange module 7B. Thus, the flow
velocity of subcooled liquid refrigerant that flows through
the auxiliary heat exchange module 7B is higher than the
flow velocity of the refrigerant that flows through the main
heat exchange module 7A. As a result, the heat-ex-
change efficiency of the auxiliary heat exchange module
7B increases, and the heat exchanging performance of
the entire heat exchanger 20 is thus improved.

[0083] Alternatively, the auxiliary heat exchange mod-
ule 7B may be activated only when needed. In this case,
an on-offvalve (notillustrated)is provided in advance and
performs its switching operation to allow the refrigerant to
flow into the auxiliary heat exchange module 7B or inhibit
the refrigerant from flowing into the auxiliary heat ex-
change module 7B. Moreover, the configuration may be
setthat only the main heat exchange module 7A operates
first during heating and during cooling, and in the case
where the output of the heat exchanger 20 needs to be
increased, the auxiliary heat exchange module 7B oper-
ates in conjunction with the main heat exchange module
7A. The timing at which the auxiliary heat exchange
module 7B is to be activated may be appropriately set
depending on the intended use of the air-conditioning
apparatus 1.

[0084] A second refrigerant distributor 30 and a third
refrigerant distributor 31 are connected to respective
ends of the auxiliary heat exchange module 7B in the
X direction. The second refrigerant distributor 30 and the
third refrigerant distributor 31 are refrigerant distributors
for use in an auxiliary heat exchanger. The second re-
frigerant distributor 30 includes, for example, an interflow
header. The interflow header is formed in the shape of a
cylinder having a bottom, and has an upper end portion
and a lower end portion that are closed. Furthermore, as
illustrated in Fig. 16, the interflow header has an internal
space that is divided by first partition plates 30b into a
plurality of sub-internal spaces 30a according to the
number of connection pipes 51 (see Fig. 17) and the
number of heat transfer pipes 70 that are connected to
the interflow header. Each of the first partition plates 30b
is formed in the shape of a disc whose radius extendsina
horizontal direction. The sub-internal spaces 30a are
isolated from each other by the first partition plates 30b
and do not communicate with each other. The third re-
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frigerant distributor 31 basically has the same configura-
tion as the gas header 11.

[0085] Asdescribedabove, the heatexchange module
7 may include a main heat exchange module 7A and an
auxiliary heat exchange module 7B as in the modification
asillustratedin Figs. 15and 16. Furthermore, needless to
say, the modification can obtain similar advantages to
those of Embodiment 1.

[0086] Furthermore, in the modification of Embodi-
ment 1, since the heat exchange module 7 incudes the
auxiliary heat exchange module 7B, when the heat ex-
change module 7 operates as a condenser, the flow
velocity of the subcooled liquid refrigerant that flows
through the auxiliary heat exchanger increases in a con-
denser flow, thereby improving the heat exchange per-
formance.

Embodiment 2

[0087] A heat exchanger according to Embodiment 2
will be described with reference to Figs. 17 to 21.
[0088] Fig. 17 is a schematic view illustrating a config-
uration of a heat exchanger according to Embodiment 2.
Fig. 18 is a perspective view illustrating the configuration
of the heat exchanger according to Embodiment 2. In the
case illustrated in Figs. 17 and 18, the heat exchanger
according to Embodiment 2 operates as an evaporator.
[0089] Fig. 19 is a perspective view illustrating exam-
ples of couplings that connect heat transfer pipes of a
windward heat exchange module and heat transfer pipes
of a leeward heat exchange module in the heat exchan-
ger according to Embodiment 2.

[0090] Fig.20is aconfiguration diagramillustrating the
configuration of the heat exchanger according to Embo-
diment 2. Fig. 21 is a perspective view illustrating the
configuration of the heat exchanger according to Embo-
diment 2. In the case illustrated in Figs. 20 and 21, the
heat exchanger according to Embodiment 2 operates as
a condenser.

[0091] ReferringtoFigs. 17 to 21, components that are
the same as or equivalent to those in Embodiment 1 are
denoted by the same reference signs, and their descrip-
tions will thus be omitted as appropriate.

[0092] InEmbodiment2, asillustratedin Figs.17to 21,
in each of the rows, associated two of the heat transfer
pipes 70 of the heat exchange module 7 are arranged on
awindward side and aleeward side in the flow direction of
air. It should be noted that the flow direction of air is the Y
direction that crosses the X direction and the Z direction,
as indicated by an outlined arrow in each of Figs. 18 and
21. Specifically, in the plane of Figs. 18 and 21, the lower
right is windward, and the upper left is leeward. The heat
exchange module 7 includes a windward heat exchange
module 7-1 including windward heat transfer pipe rows
on the windward side and a leeward heat exchange
module 7-2 including leeward heat transfer pipe rows
on the leeward side. It should be noted that the above air
is supplied by the air-sending fan 8 (see 8a and 8b in Fig.
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1).

[0093] As illustrated in Figs. 17 and 20, the windward
heat exchange module 7-1 includes a windward main
heat exchange module 7C and a windward auxiliary heat
exchange module 7D. The windward main heat ex-
change module 7C has a first number of rows. The first
number of rows is, for example, K+ N X 2X, The windward
auxiliary heatexchange module 7D is provided alongside
of the windward main heat exchange module 7C in the Z
direction. Specifically, the windward auxiliary heat ex-
change module 7D is located under the windward main
heat exchange module 7C. The windward auxiliary heat
exchange module 7D has a second number of rows that
is smaller than the first number of rows. Where the total
number of rows of the windward heat exchange module
7-1is L, the second number of rows is L - (K + N X 2X).
[0094] Asillustratedin Figs. 17 and 20, the gas header
11 is connected to one end of the windward main heat
exchange module 7C. A third refrigerant distributor 31 is
connected to one end of the windward auxiliary heat
exchange module 7D. The third refrigerant distributor
31 is a distributor for use in an auxiliary heat exchange
module. The third refrigerant distributor 31 has a similar
configuration to that of, for example, the gas header 11.
[0095] As illustrated in Figs. 17 and 20, the leeward
heat exchange module 7-2 includes a leeward main heat
exchange module 7E and a leeward auxiliary heat ex-
change module 7F. The leeward main heat exchange
module 7E has a first n umber of rows. The first number of
rows is, for example, K + N X 2X, The leeward auxiliary
heat exchange module 7F is provided alongside with the
leeward main heat exchange module 7E in the Z direc-
tion. Specifically, the leeward auxiliary heat exchange
module 7F is located under the leeward main heat ex-
change module 7E. The leeward auxiliary heat exchange
module 7F has a second number of rows that is smaller
than the first number of rows. Where the total number of
rows of the leeward heat exchange module 7-2 is L, the
second number of rows is L - (K + N X 2X),

[0096] It should be noted that the first number of rows
and the second number of rows in the windward heat
exchange module 7-1 may be the same as or different
from the first number of rows and the second number of
rows in the leeward heat exchange module 7-2. The
following description is made by referring to by way of
example the case where the first number of rows and the
second number of rows in the windward heat exchange
module 7-1 are the same as the first number of rows and
the second number of rows in the leeward heat exchange
module 7-2.

[0097] As illustrated in Figs. 17 and 21, a refrigerant
distributor 10is connected to one end of the leeward main
heat exchange module 7E. The refrigerant distributor 10
has the same configuration as the refrigerant distributor
10 as illustrated in Embodiment 1. A second refrigerant
distributor 30 is connected to one end of the leeward
auxiliary heat exchange module 7F. The second refrig-
erant distributor 30 is a distributor for use in an auxiliary
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heat exchange module. The second refrigerant distribu-
tor 30 has the same configuration as the second refrig-
erant distributor 30 as illustrated in Embodiment 1.
[0098] As illustrated in Fig. 19, heat transfer pipes 70
included in the windward heat transfer pipe rows of the
windward heat exchange module 7-1 are connected to
respective heat transfer pipes 70 included in the leeward
heat transfer pipe rows of the leeward heat exchange
module 7-2 by respective couplings 50. Each of the
couplings 50 is connected to ends (i.e. the other ends)
of associated two of the connected heat transfer pipes,
the ends being opposite, in the X direction, to those ends
of the above associated two heat transfer pipes to which
the gas header 11 and the refrigerant distributor 10 are
connected. Since the heat transfer pipes 70 included in
the windward heat transfer pipe rows are connected to
the respective heat transfer pipes 70 included in the
leeward heat transfer pipe rows by the respective cou-
plings 50, refrigerant flow passages for the flow of the
refrigerant are provided in the heat exchange module 7.
[0099] AsillustratedinFig. 19, each of the couplings 50
is, for example, a U-shaped tube. The coupling 50 is not
limited to the U-shaped tube but may be formed in the
shape of a box having a communication space therein.
[0100] As illustrated in Fig. 17, when the heat ex-
change module 7 operates as an evaporator, the refrig-
erant flows as indicated by arrows (1), (2), (3), and (4) in
this order in Fig. 17. That is, when the heat exchange
module 7 operates as an evaporator, the refrigerant flows
through the windward auxiliary heat exchange module
7D, the leeward auxiliary heat exchange module 7F, the
leeward main heat exchange module 7E, and the wind-
ward main heat exchange module 7C in this order.
[0101] By contrast, as illustrated in Fig. 20, when the
heat exchange module 7 operates as a condenser, the
refrigerant flows as indicated by arrows (1), (2), (3), and
(4) in this order in Fig. 20. That is, when the heat ex-
change module 7 operates as a condenser, the refriger-
ant flows through the windward main heat exchange
module 7C, the leeward main heat exchange module
7E, the leeward auxiliary heat exchange module 7F,
and then the windward auxiliary heat exchange module
7D in this order.

[0102] InEmbodiment2, as illustrated in Fig. 18, when
the heat exchange module 7 operates as an evaporator,
the flow of the refrigerant though the windward main heat
exchange module 7C and the leeward main heat ex-
change module 7E and the flow of air are opposite to
each other. By contrast, as illustrated in Fig. 21, when the
heat exchange module 7 operates as a condenser, the
flow of the refrigerant though the windward main heat
exchange module 7C and the leeward main heat ex-
change module 7E and the flow of the air are parallel
to each other.

[0103] The otherconfigurations and operations are the
same as those in Embodiment 1, and their descriptions
will thus be omitted.

[0104] As described above, in Embodiment 2, a refrig-
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erant distributor 10 including distributors 10-1 and a
communication header 10-2 is also used as in Embodi-
ment 2, and it is therefore possible to obtain similar
advantages to those of Embodiment 1. That is, in Embo-
diment 2, it is also possible to obtain a heat exchange
module 7 having an optimum number of rows for max-
imizing the annual performance factor APF of the air-
conditioning apparatus 1, while evenly distributing the
refrigerant.

[0105] Furthermore, in Embodiment 2, when the heat
exchange module 7 operates as a condenser, the refrig-
erant flows through the windward main heat exchange
module 7C, the leeward main heat exchange module 7E,
the leeward auxiliary heat exchange module 7F, and then
the windward auxiliary heat exchange module 7D in this
order, as illustrated in Fig. 20. In the case where the
outdoor heat exchange module 7a of the outdoor heat
exchanger 20a as illustrated in Fig. 1 operates as a
condenser, when the outside air temperature is low
and the air-conditioning apparatus 1 is in operation,
the outdoor heat exchange module 7a may be defrosted.
In this case, the high-temperature gas refrigerant dis-
charged from the compressor 5 flows from the windward
side, on which the amount of frost is larger. It is therefore
possible to efficiently melt frost, thereby improving the
heating performance at a low temperature.

Embodiment 3

[0106] A heat exchanger according to Embodiment 3
will be described with reference to Figs. 22 to 25.
[0107] Fig.22is a configuration diagram schematically
illustrating a configuration of a heat exchanger according
to Embodiment 3. Fig. 23 is a perspective view illustrating
the configuration of the heat exchanger according to
Embodiment 3. In the case illustrated in Figs. 22 and
23, the heat exchanger according to Embodiment 3
operates as an evaporator.

[0108] Fig. 24 is a configuration diagram schematically
illustrating the configuration of the heat exchanger ac-
cording to Embodiment 3. Fig. 25 is a perspective view
illustrating the configuration of the heat exchanger ac-
cording to Embodiment 3. In the case illustrated in Figs.
24 and 25, the heat exchanger according to Embodiment
3 operates as a condenser.

[0109] InFigs.22to 25, components thatare the same
as or those of the Embodiments 1 and 2 are denoted by
the same reference signs. Their descriptions will thus be
omitted as appropriate.

[0110] InEmbodiment 3, asillustrated in Figs. 22 to 25,
in each of the rows, associated two of the heat transfer
pipes 70 of the heat exchange module 7 are arranged on
awindward side and aleeward side in the flow direction of
air, as in Embodiment 2. It should be noted that the flow
direction of air is the Y direction that crosses the X
direction and the Z direction as indicated by an outlined
arrow in Figs. 23 and 25. Specifically, in the plane of Figs.
23 and 25, the upper leftis windward and the lower right is
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leeward. It should be noted that the flow direction of airin
Figs. 23 and 25 is opposite to that in Figs. 18 and 21
relating to Embodiment 2. Accordingly, the windward side
and the leeward side of Figs. 23 and 25 are opposite to
the windward side and the leeward side of Figs. 18 and 21
relating to Embodiment 2.

[0111] Furthermore, in Embodiment 3, the heat ex-
change module 7 includes a windward heat exchange
module 7-1 including windward heat transfer pipe rows
on the windward side and a leeward heat exchange
module 7-2 including leeward heat transfer pipe rows
on the leeward side. It should be noted that the leeward
heat exchange module 7-2 basically has the same con-
figuration as the modification of Embodiment 1. It will be
described in detail.

[0112] As illustrated in Figs. 22 and 24, the windward
heat exchange module 7-1 includes a windward main
heat exchange module 7G and a windward auxiliary heat
exchange module 7H. The windward main heat ex-
change module 7G includes a first number of rows.
The first number of rows is, for example, K + N x 2X,
The windward auxiliary heat exchange module 7H is
provided alongside with the windward main heat ex-
change module 7G in the Z direction. Specifically, the
windward auxiliary heat exchange module 7H is located
under the windward main heat exchange module 7G. The
windward auxiliary heat exchange module 7H includes a
second number of rows that is smaller than the first
number of rows. Where the total number of rows of the
windward heat exchange module 7-1 is L, the second
number of rows is L - (K + N X 2X),

[0113] As illustrated in Figs. 22 and 24, a refrigerant
distributor 10 is connected to one end of the windward
main heat exchange module 7G. The refrigerant distri-
butor 10 has the same configuration as the refrigerant
distributor 10 as illustrated in Embodiment 1. A second
refrigerant distributor 30A is connected to one end of the
windward auxiliary heat exchange module 7H. The sec-
ond refrigerant distributor 30A is a distributor foruse in an
auxiliary heat exchange module. The second refrigerant
distributor 30A is, for example, a communication header.
[0114] As illustrated in Figs. 22 and 24, the leeward
heat exchange module 7-2 includes a leeward main heat
exchange module 71 and a leeward auxiliary heat ex-
change module 7J. The leeward main heat exchange
module 71 has a first number of rows. The first number of
rows is, for example, K + N X 2X_ The leeward auxiliary
heat exchange module 7J is provided alongside with the
leeward main heat exchange module 71in the Z direction.
Specifically, the leeward auxiliary heat exchange module
7J is located under the leeward main heat exchange
module 71. The leeward auxiliary heat exchange module
7J has a second number of rows that is smaller than the
first number of rows. Where the total number of rows of
the leeward heat exchange module 7-2 is L, the second
number of rows is L - (K + N X 2X),

[0115] It should be noted that the first number of rows
and the second number of rows in the windward heat
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exchange module 7-1 may be the same as or different
from the first number of rows and the second number of
rows in the leeward heat exchange module 7-2. The
following description is made by referring to by way of
example the case where the first number of rows and the
second number of rows in the windward heat exchange
module 7-1 are the same as the first number of rows and
the second number of rows in the leeward heat exchange
module 7-2.

[0116] Asillustrated in Figs. 22 and 24, the gas header
11 is connected to one end of the leeward main heat
exchange module 71. A third refrigerant distributor 31A is
connected to one end of the leeward auxiliary heat ex-
change module 7J. The third refrigerant distributor 31Ais
adistributor for use in an auxiliary heat exchange module.
The third refrigerant distributor 31 is, for example, an
interflow header. The interflow header may have the
same configuration as the second refrigerant distributor
30 as illustrated in Embodiment 2.

[0117] As illustrated in Fig. 19 referred to above, the
heat transfer pipes 70 included in the windward heat
transfer pipe rows of the windward heat exchange mod-
ule 7-1 are connected to respective heat transfer pipes 70
included in the leeward heat transfer pipe rows of the
leeward heat exchange module 7-2 by respective cou-
plings 50. A description concerning the couplings 50 will
be omitted.

[0118] AsillustratedinFig. 22, whenthe heatexchange
module 7 operates as an evaporator, the refrigerant flows
as indicated by arrows (1), (2), (3), and (4) in Fig. 22. That
is, when the heat exchange module 7 operates as an
evaporator, the refrigerant flows through the windward
auxiliary heatexchange module 7H, the leeward auxiliary
heat exchange module 7J, the windward main heat ex-
change module 7G, and the leeward main heat exchange
module 71 in this order.

[0119] By contrast, as illustrated in Fig. 24, when the
heat exchange module 7 operates as a condenser, the
refrigerant flows as indicated by arrows (1), (2), (3), and
(4)in Fig. 24. That is, when the heat exchange module 7
operates as a condenser, the refrigerant flows through
the leeward main heat exchange module 71, the wind-
ward main heat exchange module 7G, the leeward aux-
iliary heat exchange module 7J, and the windward aux-
iliary heat exchange module 7H in this order.

[0120] InEmbodiment 3, as illustrated in Fig. 23, when
the heat exchange module 7 operates as an evaporator,
the flow of the refrigerant and the flow of the air are
parallel to each other. By contrast, as illustrated in Fig.
25, when the heat exchange module 7 operates as a
condenser, the flow of the refrigerant and the flow of the
air are opposite to each other.

[0121] The other configurations and operations are the
same as those of Embodiments 1 and 2.

[0122] As described above, in Embodiment 3, a refrig-
erantdistributor 10 that includes y distributors 10-1 and a
communication header 10-2 is used as in Embodiments 1
and 2. It is therefore possible to obtain the same advan-
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tages asin Embodiments 1 and 2. Thatis, in Embodiment
3, itis possible to obtain the heat exchange module 7 that
includes an optimum number of rows for maximizing the
annual performance factor APF of the air-conditioning
apparatus 1, while evenly distributing the refrigerant.
[0123] Furthermore, in Embodiment 3, as illustrated in
Fig. 24, when the heat exchange module 7 operates as a
condenser, the refrigerant flows through the leeward
main heat exchange module 71, the windward main heat
exchange module 7G, the leeward auxiliary heat ex-
change module 7J, and the windward auxiliary heat ex-
change module 7H in this order. When the outdoor heat
exchange module 7a of the outdoor heat exchanger 20a
of Fig. 1 operates as a condenser, the flow direction of the
refrigerant flows is opposite to the flow direction of air. Itis
therefore possible to ensure a great temperature differ-
ence between the air and the refrigerant, thereby improv-
ing the heat exchanging performance.

Embodiment 4

[0124] A heat exchanger according to Embodiment 4
will be described with reference to Figs. 26 to 31.
[0125] Fig. 26 is a configuration diagram schematically
illustrating a configuration of a heat exchanger according
to Embodiment 4. Fig. 27 is a perspective view schema-
tically illustrating the configuration of the heat exchanger
according to Embodiment 4. Figs. 26 and 27 illustrate the
case where the heat exchanger according to Embodi-
ment 4 operates as an evaporator.

[0126] Fig. 28 is a block diagram schematically illus-
trating the configuration of the heat exchanger according
to Embodiment 4. Fig. 29 is a perspective view schema-
tically illustrating the configuration of the heat exchanger
according to Embodiment 4. Figs. 28 and 29 illustrate the
case where the heat exchanger according to Embodi-
ment 4 operates as a condenser.

[0127] Fig. 30 is an explanatory diagram for describing
the case where stagnation of refrigerant occurs in a
common heat exchanger. Referring to Fig. 30, a liquid
pipe 91 is a refrigerant distributor that includes a com-
munication header, and a gas pipe 90 is a gas header. A
heat transfer pipe 92 is connected to the gas pipe 90, and
a connection pipe 93 is connected to the liquid pipe 91.
Fig. 30 will be described in detail later.

[0128] Fig. 31 is a sectional view illustrating a config-
uration of a communication header and a second refrig-
erant distributor of a refrigerant distributor provided in the
heat exchanger according to Embodiment 4.

[0129] InFigs.26to 31, components that are the same
as or equivalent to those of the Embodiment 1 are de-
noted by the same reference signs, and their descriptions
will thus be omitted as appropriate.

[0130] A heatexchange module 7 according to Embo-
diment 4 basically has the same configuration as that
according to Embodiment 2. In Embodiment 4, the com-
munication header 10-2A and the second refrigerant
distributor 30B of the refrigerant distributor 10 are formed
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integral with each other. In this regard, Embodiment 4 is
different from Embodiment 2. The other components and
operations are the same as those in Embodiment 2.
[0131] In Embodiment 4, as illustrated in Figs. 26 and
28, the communication header 10-2A and the second
refrigerant distributor 30B are formed integral with each
other. As illustrated in Fig. 31, the second refrigerant
distributor 30B is an interflow header. In the interflow
header that is the second refrigerant distributor 30B, its
internal space is divided by first partition plates 30Bb into
a plurality of sub-internal spaces 30Ba in association with
heat transfer pipes 70 that are connected to the interflow
header. In this case, as illustrated in Fig. 31, the upper-
most one of the sub-internal spaces 30Ba of the second
refrigerant distributor 30B and the internal space of the
communication header 10-2A are divided from each
other by a second partition plate 60. Furthermore, the
second partition plate 60 has a through hole 61 that
extends through the second partition plate 60. Therefore,
of the sub-internal spaces 30Ba, the sub-internal space
30Ba located at the highest position, that is, the above
uppermost sub-inter space 30Ba, communicates with the
internal space of the communication header 10-2A
through the through hole 61.

[0132] Regarding Embodiment2,itis described above
that as illustrated in Fig. 17, the second refrigerant dis-
tributor 30 and the refrigerant distributor 10 are con-
nected to each other by the connection pipes 51.
[0133] As can be seen from the comparison between
Fig. 17 relating to Embodiment 2 and Fig. 26 relating to
Embodiment 4, in Embodiment 4, the second refrigerant
distributor 30B and the refrigerant distributor 10 are
connected to each other by a smaller number of connec-
tion pipes 51 than in Embodiment 2. This is because the
communication header 10-2A and the second refrigerant
distributor 30B are formed integral with each other, and it
is therefore unnecessary to provide a connection pipe 51
to connect the uppermost sub-internal space 30Ba and
the internal space of the communication header 10-2A.
[0134] In such a manner, in Embodiment 4, it is possi-
ble to reduce the number of connection pipes 51 that
connect the second refrigerant distributor 30B connected
to the leeward auxiliary heat exchange module 7F and
the refrigerant distributor 10 connected to the leeward
main heat exchange module 7E. Accordingly, it is possi-
ble to increase the size of the heat exchange module 7,
especially the heat transfer area of the heat exchange
module 7, without changing the size of the housing of the
heat exchanger 20. As a result, the heat exchanging
performance of the heat exchange module 7 can be
improved.

[0135] Furthermore, as illustrated in Fig. 30, (b), the
connection pipe 93 connected to the liquid pipe 91 is
located at a higher position than that as illustrated in Fig.
30, (a), and as a result, stagnation of the refrigerant may
occur. In Embodiment 4, the uppermost sub-internal
space 30Ba and the internal space of the communication
header 10-2A communicate with each other through the
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through hole 61. It is therefore possible to reduce occur-
rence of stagnation of the refrigerant.

[0136] As described above, in Embodiment 4, a re-
frigerant distributor 10 that includes distributors 10-1 and
a communication header 10-2 is also used as in Embodi-
ments 1 to 3. It is therefore possible to obtain similar
advantages to those of Embodiments 1 to 3. That is, in
Embodiment 4, it is possible to obtain a heat exchange
module 7 having an optimum number of rows for max-
imizing the annual performance factor APF of the air-
conditioning apparatus 1, while evenly distributing the
refrigerant.

[0137] Furthermore, in Embodiment 4, it is possible to
reduce the number of connection pipes 51 that connect
the second refrigerant distributor 30B connected to the
leeward auxiliary heat exchange module 7F and the
refrigerant distributor 10 connected to the leeward main
heat exchange module 7E. Accordingly, it is possible to
increase the size of the heat exchange module 7, espe-
cially the heat transfer area of the heat exchange module
7, without changing the size of the housing the heat
exchanger 20. As a result, the heat exchanging perfor-
mance of the heat exchange module 7 can be improved.
[0138] The above descriptions concerning Embodi-
ments 1 to 4 refer to the case where the heat transfer
pipes 70 are flat tubes, but the heat transfer pipes 70 are
not limited to the flat tubes. The heat transfer pipes 70
may be, for example, circular tubes. In this case also, itis
possible to obtain similar advantages to those of Embo-
diments 1to 4. To be more specific, in the case where the
heat transfer pipes 70 are circular tubes, the refrigerant
distributor of the heat exchanger also includes one or
more distributors each including a collision wall therein
and each configured to cause the refrigerant to be dis-
tributed because of collision of the refrigerant with the
collision wall, and a communication header configured to
cause the refrigerant to be distributed via a communica-
tion space. Furthermore, the number K of refrigerant
streams into which the communication header causes
the refrigerant to branch is set to a value smaller than the
number M of refrigerant streams into which each of the
one or more distributors causes the refrigerant to branch.
As a main method for distributing the refrigerant, one or
more distributors each configured to more easily evenly
distribute the refrigerant are used. Thus, the heat ex-
changer can evenly distribute the refrigerant as a whole.
Furthermore, in order to prevent the "increments of M
rows" from imposing restrictions on the freedom of design
depending on the number M of refrigerant streams into
which each of the one or more distributors causes the
refrigerant to branch, a communication header config-
ured to cause the refrigerant to branch into the number K
of refrigerant streams that is smaller than the number Mis
used in combination with the one or more distributors.
Therefore, it is possible to freely select the number of
rows in the heat exchanger, and thus design the heat
exchanger such that the heat exchanger has an optimum
number of rows for maximizing the performance of the
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heat exchanger.
Reference Signs List

[0139] 1:air-conditioning apparatus, 2: outdoor unit, 3:
indoor unit, 4: refrigerant pipe, 5: compressor, 6: four-way
valve, 7: heat exchange module, 7-1: windward heat
exchange module, 7-2: leeward heat exchange module,
7A: main heat exchange module, 7B: auxiliary heat ex-
change module, 7C: windward main heat exchange mod-
ule, 7D: windward auxiliary heat exchange module, 7E:
leeward main heat exchange module, 7F: leeward aux-
iliary heat exchange module, 7G: windward main heat
exchange module, 7H: windward auxiliary heat ex-
change module, 71: leeward main heat exchange mod-
ule, 7J: leeward auxiliary heat exchange module, 7R:
heat exchange module, 7a: outdoor heat exchange mod-
ule, 7b: indoor heat exchange module, 8: air-sending fan,
8a: outdoor fan, 8b: indoor fan, 9: expansion valve, 10:
refrigerant distributor, 10-1: distributor, 10-2: communi-
cation header, 10-2A: communication header, 10-2R:
communication header, 10R: refrigerant distributor,
10a: refrigerant distributor, 10b: refrigerant distributor,
11: gas header, 11R: gas header, 11a: gas header,
11b: gas header, 20: heat exchanger, 20a: outdoor heat
exchanger, 20b: indoor heat exchanger, 30: second re-
frigerant distributor, 30A: second refrigerant distributor,
30B: second refrigerant distributor, 30Ba: sub-internal
space, 30Bb: first partition plate, 30a: sub-internal space,
30b: first partition plate, 31: third refrigerant distributor,
31A: third refrigerant distributor, 50: coupling, 51: con-
nection pipe, 60: second partition plate, 61: through hole,
70: heat transfer pipe, 71: fin, 72: interior column, 73:
refrigerant flow passage, 81: fan motor, 81a: fan motor,
81b: fan motor, 82: blade portion, 82a: blade portion, 82b:
blade portion, 90: gas pipe, 91: liquid pipe, 92: heat
transfer pipe, 93: connection pipe, 100: first opening,
101: second opening, 102: communication space, 103:
first opening, 104: second opening, 105: distribution flow
passage, 105a: first flow passage, 105b: first branch flow
passage, 105c: second flow passage, 105d: second
branch flow passage, 105e: third flow passage, 105f:
third branch flow passage, 106: first plate-like element,
107: second plate-like element, 107a: first slit, 107b:
second slit, 107c: third slit, 108: third plate-like element,
109: communication wall, 109a: first through hole, 109b:
second through hole, 109c: third through hole, 110: colli-
sionwall, 110a: slit, 120: flow passage, 121: collision wall,
APF: annual performance factor, K: the number of refrig-
erant streams, L: the number of rows, M: the number of
refrigerant streams

Claims
1. A heat exchanger comprising:

a heat exchange module including a plurality of
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fins and a plurality of heat transfer pipes, and
configured to cause heat exchange to be per-
formed between refrigerant that flows in the heat
exchange module and air that flows around the
heat exchange module, the plurality of fins being
arranged apart from each other in a first direc-
tion, the heat transfer pipes being provided to
extend through the plurality of fins and arranged
apart from each other in a second direction
crossing the first direction; and

a refrigerant distributor connected to an end
portion of the heat exchange module in the first
direction,

wherein the refrigerant distributor includes

one or more distributors including afirstinlet
and a plurality of first outlets with which
some of the plurality of heat transfer pipes
are connected, the one or more distributors
each including a collision wall therein, and
being configured to cause the refrigerant
that flows from the first inlet into the one
or more distributors to branch into refriger-
ant streams because of collision of the re-
frigerant with the collision wall, and cause
each of the refrigerant streams to flow out
from an associated one of the plurality of
first outlets, and

a communication header including a sec-
ond inlet and a plurality of second outlets
with which some others of the plurality of
heat transfer pipes are connected, the com-
munication header including a communica-
tion space therein, and being configured to
cause the refrigerant that flows from the
second inlet into the communication space
to branch into refrigerant streams, and
cause each of the refrigerant streams to
flow out from an associated one of the plur-
ality of second outlets, and

wherein the number K of the refrigerant streams
into which the refrigerant passes through the
communication header to branch is smaller than
the number M of refrigerant streams into which
the refrigerant passes through the distributor to
branch.

The heat exchanger of claim 1, wherein the distri-
butor is a two-branch distributor configured to cause
the refrigerant to branch into the refrigerant streams
by repeating, one or more times, the collision that
causes the refrigerant to branch into two refrigerant
streams, until the number of the refrigerant streams
reaches M, the number M of the refrigerant streams
being a power of 2.

The heat exchanger of claim 2, wherein the two-
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branch distributor is a stack type header formed by
stacking one or more plate-like elements each in-
cluding a flow passage provided to cause the refrig-
erant to branch into two refrigerant streams.

The heat exchanger of claim 2, wherein the two-
branch distributor is formed by coupling one or more
Y-shaped joints each including a flow passage pro-
vided to cause the refrigerant to branch into two
refrigerant streams.

The heat exchanger of any one of claims 1 to 4,
wherein

the distributor and the communication header
are provided side by side in the second direction,
and

where the second direction is an up-down direc-
tion, the communication header is located under
the distributor.

6. The heat exchanger of any one of claims 1 to 5,

wherein

where the number of the plurality of heat transfer
pipes arranged apart from each other in the
second direction is the number of rows in the
heat exchange module, the heat exchange
module includes

a main heat exchange module having a first
number of rows, and

an auxiliary heat exchange module located
alongside of the main heat exchange mod-
ule in the second direction, the auxiliary
heat exchange module having a second
number of rows that is smaller than the first
number of rows, and

the refrigerant distributor is connected to an end
portion of the main heat exchange module in the
first direction.

7. The heat exchanger of any one of claims 1 to 6,

wherein

the heat transfer pipes of the heat exchange
module include heat transfer pipes located on
awindward side and heat transfer pipes located
on a leeward side in a flow direction of the air,
the flow direction of the air flows is a direction
crossing the first direction and the second direc-
tion,

the heat exchange module includes

a windward heat exchange module includ-
ing windward heat transfer pipe rows lo-
cated on the windward side, and
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a leeward heat exchange module including
leeward heat transfer pipe rows located on
the leeward side,

the windward heat exchange module includes

a windward main heat exchange module
having a first number of rows, and

awindward auxiliary heat exchange module
provided alongside of the windward main
heat exchange module in the second direc-
tion, the windward auxiliary heat exchange
module having a second number of rows
that is smaller than the first number of rows,

the leeward heat exchange module includes

aleeward main heat exchange module hav-
ing the first number of rows, and

a leeward auxiliary heat exchange module
located alongside of the leeward main heat
exchange module in the second direction,
the leeward auxiliary heat exchange mod-
ule having the second number of rows that
is smaller than the first number of rows,

the refrigerant distributor is connected to an end
portion of the leeward main heat exchange mod-
ule in the first direction, and

the heat transfer pipes of the windward heat
transfer pipe rows and the heat transfer pipes
of the leeward heat transfer pipe rows are con-
nected to each other at an other end portion in
the first direction to form refrigerant flow pas-
sages through which the refrigerant flows.

The heat exchanger of claim 7, wherein when the
heat exchange module operates as a condenser, the
refrigerant flows through the windward main heat
exchange module, the leeward main heat exchange
module, the leeward auxiliary heat exchange mod-
ule, and the windward auxiliary heat exchange mod-
ule in this order in the refrigerant flow passage.

The heat exchanger of any one of claims 1 to 6,
wherein

the heat transfer pipes of the heat exchange
module include heat transfer pipes located on
awindward side and heat transfer pipes located
on a leeward side in a flow direction of the air,
the flow direction of the air is a direction crossing
the first direction and the second direction,

the heat exchange module includes

a windward heat exchange module includ-
ing windward heat transfer pipe rows lo-
cated on the windward side, and
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a leeward heat exchange module including
leeward heat transfer pipe rows located on
the leeward side,

the windward heat exchange module includes

a windward main heat exchange module
having a first number of rows, and

awindward auxiliary heatexchange module
provided alongside of the windward main
heat exchange module in the second direc-
tion, the windward auxiliary heat exchange
module having a second number of rows
that is smaller than the first number of rows,

the leeward heat exchange module includes

aleeward main heat exchange module hav-
ing the first number of rows, and

a leeward auxiliary heat exchange module
provided alongside of the leeward main
heat exchange module in the second direc-
tion, the leeward auxiliary heat exchange
module having the second number of rows
that is smaller than the first number of rows,

the refrigerant distributor is connected to an end
portion of the windward main heat exchange
module in the first direction, and

the heat transfer pipes of the windward heat
transfer pipe rows and the heat transfer pipes
of the leeward heat transfer pipe rows are con-
nected to each other at an other end portion in
the first direction to form refrigerant flow pas-
sages through which the refrigerant flows.

10. The heat exchanger of claim 9, wherein when the

1.

heat exchange module operates as a condenser, the
refrigerant flows through the leeward main heat ex-
change module, the windward main heat exchange
module, the leeward auxiliary heat exchange mod-
ule, and the windward auxiliary heat exchange mod-
ule in this order in the refrigerant flow passage.

The heat exchanger of claim 7 or 8, further compris-
ing a second refrigerant distributor connected to an
end portion of the leeward auxiliary heat exchange
module in the first direction and provided alongside
of the refrigerant distributor in the second direction,
wherein the second refrigerant distributor is an inter-
flow header having an internal space that is divided
by a first partition plate into a plurality of sub-internal
spaces that are located in association with the heat
transfer pipes included in the leeward auxiliary heat
exchange module.

12. The heat exchanger of claim 11, wherein
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13.

14.

40

the interflow header and the communication
header are formed integral with each other,
between the interflow header and the commu-
nication header, a second partition plate is pro-
vided to divide the internal space of the interflow
header and an internal space of the communi-
cation header from each other, and

the second partition plate has a through hole
through one of the plurality of sub-internal
spaces of the interflow header and the internal
space of the communication header communi-
cate with each other.

The heat exchanger of any one of claims 1 to 12,
wherein the heat transfer pipes are flat tubes.

An air-conditioning apparatus comprising an outdoor
unit and an indoor unit that are connected by a
refrigerant pipe, whereby a refrigerant circuit is pro-
vided,

wherein the outdoor unit includes

a compressor configured to compress and
discharge refrigerant,

a four-way valve configured to switch a flow
passage for the refrigerant between plural
flow passages,

an outdoor heat exchanger configured to
cause heat exchange to be performed be-
tween outdoor air and the refrigerant,

an outdoor fan configured to send the out-
door air to the outdoor heat exchanger, and
an expansion valve configured to expand
the refrigerant to decompress the refriger-
ant,

wherein the indoor unit includes

an indoor heat exchanger configured to
cause heat exchange to be performed be-
tween indoor air and the refrigerant, and
an indoor fan configured to send the indoor
air to the indoor heat exchanger, and

wherein at least one of the outdoor heat exchan-
ger and the indoor heat exchanger is the heat
exchanger of any one of claims 1 to 13.
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