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STACKING-TYPE HEADER, HEAT
EXCHANGER, AND AIR-CONDITIONING
APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a stacking-type
header, a heat exchanger, and an air-conditioning apparatus.

BACKGROUND ART

[0002] Asarelated-art stacking-type header, there is known
a stacking-type header including a first plate-shaped unit
having a plurality of outlet flow passages formed therein, and
a second plate-shaped unit stacked on the first plate-shaped
unit and having a distribution flow passage formed therein,
for distributing refrigerant, which passes through an inlet
flow passage to flow into the second plate-shaped unit, to the
plurality of outlet flow passages formed in the first plate-
shaped unit to cause the refrigerant to flow out from the
second plate-shaped unit. The distribution flow passage
includes a branching flow passage having a plurality of
grooves extending perpendicularto a refrigerant inflow direc-
tion. The refrigerant passing through the inlet flow passage
passes through the plurality of grooves to be branched into a
plurality of flows, to thereby pass through the plurality of
outlet flow passages formed in the first plate-shaped unit to
flow out from the first plate-shaped unit (for example, see
Patent Literature 1).

CITATION LIST

Patent Literature

[0003] Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2000-161818 (paragraph
[0012] to paragraph [0020], FIG. 1, FIG. 2)

SUMMARY OF INVENTION

Technical Problem

[0004] In such a stacking-type header, when the stacking-
type header is used under a state in which the inflow direction
of the refrigerant flowing into the branching flow passage is
not parallel to the gravity direction, the refrigerant may be
affected by the gravity to cause a deficiency or an excess of the
refrigerant in any of the branching directions. In other words,
the related-art stacking-type header has a problem in that the
uniformity in distribution of the refrigerant is low.

[0005] The present invention has been made in view of the
above-mentioned problems, and has an object to provide a
stacking-type header improved in uniformity in distribution
of refrigerant. Further, the present invention has an object to
provide a heat exchanger improved in uniformity in distribu-
tion of refrigerant. Further, the present invention has an object
to provide an air-conditioning apparatus improved in unifor-
mity in distribution of refrigerant.

Solution to Problem

[0006] According to one embodiment of the present inven-
tion, there is provided a stacking-type header, including: a
first plate-shaped unit having a plurality of first outlet flow
passages formed therein; and a second plate-shaped unit
stacked on the first plate-shaped unit, the second plate-shaped
unit having a distribution flow passage formed therein, the
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distribution flow passage being configured to distribute
refrigerant, which passes through a first inlet flow passage to
flow into the second plate-shaped unit, to the plurality of first
outlet flow passages to cause the refrigerant to flow out from
the second plate-shaped unit, in which the distribution flow
passage includes a branching flow passage including: an
opening port configured to allow the refrigerant to flow there-
into; a first flow passage communicating between the opening
port and an end portion positioned on an upper side relative to
the opening port; and a second flow passage communicating
between the opening port and an end portion positioned on a
lower side relative to the opening port, and in which the
branching flow passage is smaller in difference in flow resis-
tance between the first flow passage and the second flow
passage than a branching flow passage in a state in which a
flow-passage resistance in the first flow passage and a flow-
passage resistance in the second flow passage are equal to
each other, and in a state in which the first flow passage and
the second flow passage are point symmetric with each other
about the opening port.

Advantageous Effects of Invention

[0007] In the stacking-type header according to the one
embodiment of the present invention, the distribution flow
passage includes the branching flow passage including: the
opening port configured to allow the refrigerant to flow there-
into; the first flow passage communicating between the open-
ing port and the end portion positioned on the upper side
relative to the opening port; and the second flow passage
communicating between the opening port and the end portion
positioned on the lower side relative to the opening port, and
the branching flow passage is smaller in difference in flow
resistance between the first flow passage and the second flow
passage than the branching flow passage in a state in which
the flow-passage resistance in the first flow passage and the
flow-passage resistance in the second flow passage are equal
to each other, and in a state in which the first flow passage and
the second flow passage are point symmetric with each other
about the opening port. When the flow-passage resistances of
the first flow passage and the second flow passage are equal to
each other, and the first flow passage and the second flow
passage are point symmetric with each other about the open-
ing port, the refrigerant passing through the first flow passage
and the refrigerant passing through the second flow passage
flow out at heights different from each other, with the result
that the flow resistance of the first flow passage is larger than
the flow resistance of the second flow passage so that a flow
rate of the refrigerant that passes through the first flow pas-
sage to flow out is smaller than a flow rate of the refrigerant
that passes through the second flow passage to flow out. This
phenomenon is suppressed in the stacking-type header
according to the one embodiment of the present invention,
and thus, the uniformity in distribution of the refrigerant is
improved.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIG.1is aview illustrating a configuration of a heat
exchanger according to Embodiment 1.

[0009] FIG. 2 is a perspective view illustrating the heat
exchanger according to Embodiment 1 under a state in which
a stacking-type header is disassembled.

[0010] FIG. 3 is a developed view of the stacking-type
header of the heat exchanger according to Embodiment 1.
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[0011] FIG. 4 is a developed view of the stacking-type
header of the heat exchanger according to Embodiment 1.
[0012] FIG. 5 are views each illustrating a modified
example of a flow passage formed in a third plate-shaped
member of the heat exchanger according to Embodiment 1.
[0013] FIG. 6 is a perspective view illustrating the heat
exchanger according to Embodiment 1 under a state in which
the stacking-type header is disassembled.

[0014] FIG. 7 is a developed view of the stacking-type
header of the heat exchanger according to Embodiment 1.
[0015] FIG. 8is a view illustrating a comparative example
of'the flow passage formed in the third plate-shaped member
of the heat exchanger according to Embodiment 1.

[0016] FIG. 9 is a view illustrating Specific Example-1 of
the flow passage formed in the third plate-shaped member of
the heat exchanger according to Embodiment 1.

[0017] FIG. 10 is a graph showing effects of Specific
Example-1 of the flow passage formed in the third plate-
shaped member of the heat exchanger according to Embodi-
ment 1.

[0018] FIG. 11 is a view illustrating Specific Example-2 of
the flow passage formed in the third plate-shaped member of
the heat exchanger according to Embodiment 1.

[0019] FIG. 12 is a view illustrating Specific Example-2 of
the flow passage formed in the third plate-shaped member of
the heat exchanger according to Embodiment 1.

[0020] FIG. 13 is a view illustrating Specific Example-3 of
the flow passage formed in the third plate-shaped member of
the heat exchanger according to Embodiment 1.

[0021] FIG. 14 is a view illustrating Specific Example-5 of
the flow passage formed in the third plate-shaped member of
the heat exchanger according to Embodiment 1.

[0022] FIG. 15 are views each illustrating a state of refrig-
erant of Specific Example-5 of the flow passage formed in the
third plate-shaped member of the heat exchanger according to
Embodiment 1.

[0023] FIG. 16 is a view illustrating Specific Example-6 of
the flow passage formed in the third plate-shaped member of
the heat exchanger according to Embodiment 1.

[0024] FIG. 17 is a diagram illustrating a configuration of
an air-conditioning apparatus to which the heat exchanger
according to Embodiment 1 is applied.

[0025] FIG. 18 is a perspective view of Modified
Example-1 of the heat exchanger according to Embodiment 1
under a state in which the stacking-type header is disas-
sembled.

[0026] FIG. 19 is a perspective view of Modified
Example-1 of the heat exchanger according to Embodiment 1
under a state in which the stacking-type header is disas-
sembled.

[0027] FIG. 20 is a perspective view of Modified
Example-2 of the heat exchanger according to Embodiment 1
under a state in which the stacking-type header is disas-
sembled.

[0028] FIG. 21 is a perspective view of Modified
Example-3 of the heat exchanger according to Embodiment 1
under a state in which the stacking-type header is disas-
sembled.

[0029] FIG. 22 is a developed view of the stacking-type
header of Modified Example-3 of the heat exchanger accord-
ing to Embodiment 1.
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[0030] FIG. 23 is a perspective view of Modified
Example-4 of the heat exchanger according to Embodiment 1
under a state in which the stacking-type header is disas-
sembled.

[0031] FIG. 24 are a main-part perspective view and a
main-part sectional view of Modified Example-5 of the heat
exchanger according to Embodiment 1 under a state in which
the stacking-type header is disassembled.

[0032] FIG. 25 are a main-part perspective view and a
main-part sectional view of Modified Example-6 of the heat
exchanger according to Embodiment 1 under a state in which
the stacking-type header is disassembled.

[0033] FIG. 26 are views each illustrating a specific
example of the flow passage formed in the third plate-shaped
member of Modified Example-6 of the heat exchanger
according to Embodiment 1.

[0034] FIG. 27 is a perspective view of Modified
Example-7 of the heat exchanger according to Embodiment 1
under a state in which the stacking-type header is disas-
sembled.

[0035] FIG. 28 is a view illustrating a configuration of a
heat exchanger according to Embodiment 2.

[0036] FIG. 29 is a perspective view illustrating the heat
exchanger according to Embodiment 2 under a state in which
a stacking-type header is disassembled.

[0037] FIG. 30 is a developed view of the stacking-type
header of the heat exchanger according to Embodiment 2.
[0038] FIG. 31 is a diagram illustrating a configuration of
an air-conditioning apparatus to which the heat exchanger
according to Embodiment 2 is applied.

[0039] FIG. 32 is a view illustrating a configuration of a
heat exchanger according to Embodiment 3.

[0040] FIG. 33 is a perspective view illustrating the heat
exchanger according to Embodiment 3 under a state in which
a stacking-type header is disassembled.

[0041] FIG. 34 is a developed view of the stacking-type
header of the heat exchanger according to Embodiment 3.
[0042] FIG. 35 is a diagram illustrating a configuration of
an air-conditioning apparatus to which the heat exchanger
according to Embodiment 3 is applied.

DESCRIPTION OF EMBODIMENTS

[0043] Now, a stacking-type header according to the
present invention is described with reference to the drawings.
[0044] Note that, in the following, there is described a case
where the stacking-type header according to the present
invention distributes refrigerant flowing into a heat
exchanger, but the stacking-type header according to the
present invention may distribute refrigerant flowing into other
devices. Further, the configuration, operation, and other mat-
ters described below are merely examples, and the present
invention is not limited to such configuration, operation, and
other matters. Further, in the drawings, the same or similar
components are denoted by the same reference symbols, or
the reference symbols therefor are omitted. Further, the illus-
tration of details in the structure is appropriately simplified or
omitted. Further, overlapping description or similar descrip-
tion is appropriately simplified or omitted.

[0045] Further, in the present invention, a resistance to act
on refrigerant passing through a flow passage is generally
defined as a “flow resistance”, and an element of the “flow
resistance”, which is derived from characteristics of the flow
passage (such as a shape and a surface property), is defined as
a “flow-passage resistance”.
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Embodiment 1

[0046] A heat exchanger according to Embodiment 1 is
described.

<Configuration of Heat Exchanger>

[0047] Now, the configuration of the heat exchanger
according to Embodiment 1 is described.

[0048] FIG. 1 is aview illustrating the configuration of the
heat exchanger according to Embodiment 1.

[0049] Asillustrated in FIG. 1, a heat exchanger 1 includes
a stacking-type header 2, a header 3, a plurality of first heat
transfer tubes 4, a retaining member 5, and a plurality of fins
6.

[0050] The stacking-type header 2 includes a refrigerant
inflow port 2A and a plurality of refrigerant outflow ports 2B.
The header 3 includes a plurality of refrigerant inflow ports
3A and a refrigerant outflow port 3B. Refrigerant pipes are
connected to the refrigerant inflow port 2A of the stacking-
type header 2 and the refrigerant outflow port 3B of'the header
3. The plurality of first heat transfer tubes 4 are connected
between the plurality of refrigerant outflow ports 2B of the
stacking-type header 2 and the plurality of refrigerant inflow
ports 3A of the header 3.

[0051] The first heat transfer tube 4 is a flat tube having a
plurality of flow passages formed therein. The first heat trans-
fer tube 4 is made of, for example, aluminum. End portions of
the plurality of first heat transfer tubes 4 on the stacking-type
header 2 side are connected to the plurality of refrigerant
outtlow ports 2B of the stacking-type header 2 under a state in
which the end portions are retained by the plate-shaped
retaining member 5. The retaining member 5 is made of, for
example, aluminum. The plurality of fins 6 are joined to the
first heat transfer tubes 4. The fin 6 is made of, for example,
aluminum. It is preferred that the first heat transfer tubes 4 and
the fins 6 be joined by brazing. Note that, in FIG. 1, there is
illustrated a case where eight first heat transfer tubes 4 are
provided, but the present invention is not limited to such a
case.

<Flow of Refrigerant in Heat Exchanger>

[0052] Now, the flow of the refrigerant in the heat
exchanger according to Embodiment 1 is described.

[0053] The refrigerant flowing through the refrigerant pipe
passes through the refrigerant inflow port 2A to flow into the
stacking-type header 2 to be distributed, and then passes
through the plurality of refrigerant outflow ports 2B to flow
out toward the plurality of first heat transfer tubes 4. In the
plurality of first heat transfer tubes 4, the refrigerant
exchanges heat with air supplied by a fan, for example. The
refrigerant flowing through the plurality of first heat transfer
tubes 4 passes through the plurality of refrigerant inflow ports
3A to flow into the header 3 to be joined, and then passes
through the refrigerant outflow port 3B to flow out toward the
refrigerant pipe. The refrigerant can reversely flow.

<Configuration of Laminated Header>

[0054] Now, the configuration of the stacking-type header
of the heat exchanger according to Embodiment 1 is
described.

[0055] FIG. 2 is a perspective view of the heat exchanger
according to Embodiment 1 under a state in which the stack-
ing-type header is disassembled.
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[0056] As illustrated in FIG. 2, the stacking-type header 2
includes a first plate-shaped unit 11 and a second plate-
shaped unit 12. The first plate-shaped unit 11 and the second
plate-shaped unit 12 are stacked on each other.

[0057] The first plate-shaped unit 11 is stacked on the
refrigerant outflow side. The first plate-shaped unit 11
includes a first plate-shaped member 21. The first plate-
shaped unit 11 has a plurality of first outlet flow passages 11A
formed therein. The plurality of first outlet flow passages 11A
correspond to the plurality of refrigerant outflow ports 2B in
FIG. 1.

[0058] The first plate-shaped member 21 has a plurality of
flow passages 21 A formed therein. The plurality of flow pas-
sages 21A are each a through hole having an inner peripheral
surface shaped conforming to an outer peripheral surface of
the first heat transfer tube 4. When the first plate-shaped
member 21 is stacked, the plurality of flow passages 21A
function as the plurality of first outlet flow passages 11A. The
first plate-shaped member 21 has a thickness of about 1 mm to
10 mm, and is made of aluminum, for example. When the
plurality of flow passages 21A are formed by press working
or other processing, the work is simplified, and the manufac-
turing cost is reduced.

[0059] The end portions of the first heat transfer tubes 4 are
projected from the surface of the retaining member 5. When
the first plate-shaped unit 11 is stacked on the retaining mem-
ber 5 so that the inner peripheral surfaces of the first outlet
flow passages 11A are fitted to the outer peripheral surfaces of
the respective end portions of the first heat transfer tubes 4,
the first heat transfer tubes 4 are connected to the first outlet
flow passages 11 A. The first outlet flow passages 11 A and the
first heat transfer tubes 4 may be positioned through, for
example, fitting between a convex portion formed in the
retaining member 5 and a concave portion formed in the first
plate-shaped unit 11. In such a case, the end portions of the
first heat transfer tubes 4 may not be projected from the
surface of the retaining member 5. The retaining member 5
may be omitted so that the first heat transfer tubes 4 are
directly connected to the first outlet flow passages 11A. In
such a case, the component cost and the like are reduced.
[0060] The second plate-shaped unit 12 is stacked on the
refrigerant inflow side. The second plate-shaped unit 12
includes a second plate-shaped member 22 and a plurality of
third plate-shaped members 23_1 to 23_3. The second plate-
shaped unit 12 has a distribution flow passage 12A formed
therein. The distribution flow passage 12A includes a first
inlet flow passage 12a and a plurality of branching flow
passages 12b. The first inlet flow passage 124 corresponds to
the refrigerant inflow port 2A in FIG. 1.

[0061] The second plate-shaped member 22 has a flow
passage 22A formed therein. The flow passage 22A is a
circular through hole. When the second plate-shaped member
22 is stacked, the flow passage 22 A functions as the first inlet
flow passage 12a. The second plate-shaped member 22 has a
thickness of about 1 mm to 10 mm, and is made of aluminum,
for example. When the flow passage 22A is formed by press
working or other processing, the work is simplified, and the
manufacturing cost and the like are reduced.

[0062] For example, a fitting or other such component is
provided on the surface of the second plate-shaped member
22 on the refrigerant inflow side, and the refrigerant pipe is
connected to the first inlet flow passage 12a through the fitting
or other such component. The inner peripheral surface of the
first inlet flow passage 12a may be shaped to be fitted to the
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outer peripheral surface of the refrigerant pipe so that the
refrigerant pipe may be directly connected to the first inlet
flow passage 12a without using the fitting or other such com-
ponent. In such a case, the component cost and the like are
reduced.

[0063] The plurality ofthird plate-shaped members 23_1to
23_3 respectively have a plurality of flow passages 23A_1to
23A_3 formed therein. The plurality of flow passages 23A_1
to 23A_3 are each a through groove. The plurality of flow
passages 23A_1to 23A_3 are described in detail later. When
the plurality of third plate-shaped members 23_1to 23_3 are
stacked, each of the plurality of flow passages 23A_1 to
23A_3 functions as the branching flow passage 126. The
plurality of third plate-shaped members 23_1 to 23_3 each
have a thickness of about 1 mm to 10 mm, and are made of
aluminum, for example. When the plurality of flow passages
23A_1 to 23A_3 are formed by press working or other pro-
cessing, the work is simplified, and the manufacturing cost
and the like are reduced.

[0064] Inthe following, in some cases, the plurality of third
plate-shaped members 23_1 to 23_3 are collectively referred
to as the third plate-shaped member 23. In the following, in
some cases, the plurality of flow passages 23A_1 to 23A_3
are collectively referred to as the flow passage 23A. In the
following, in some cases, the retaining member 5, the first
plate-shaped member 21, the second plate-shaped member
22, and the third plate-shaped member 23 are collectively
referred to as the plate-shaped member.

[0065] Thebranching flow passage 125 branches the refrig-
erant flowing therein into two flows to cause the refrigerant to
flow out therefrom. Therefore, when the number of the first
heat transfer tubes 4 to be connected is eight, at least three
third plate-shaped members 23 are required. When the num-
ber of the first heat transfer tubes 4 to be connected is sixteen,
at least four third plate-shaped members 23 are required. The
number of the first heat transfer tubes 4 to be connected is not
limited to powers of 2. In such a case, the branching flow
passage 1256 and a non-branching flow passage may be com-
bined with each other. Note that, the number of the first heat
transfer tubes 4 to be connected may be two.

[0066] FIG. 3 is a developed view of the stacking-type
header of the heat exchanger according to Embodiment 1. As
illustrated in F1G. 3, the flow passage 23 A formed in the third
plate-shaped member 23 has a shape in which an end portion
23a and an end portion 23b are connected to each other
through a straight-line part 23¢. The straight-line part 23¢ is
substantially perpendicular to the gravity direction. The
branching flow passage 124 is formed by closing, by a mem-
ber stacked adjacent on the refrigerant inflow side, the flow
passage 23 A in a region other than a partial region 23/ (here-
inafter referred to as “opening port 23/”) between an end
portion 234 and an end portion 23e of the straight-line part
23¢, and closing, by a member stacked adjacent on the refrig-
erant outflow side, a region other than the end portion 23a and
the end portion 235. A region of the flow passage 23 A, which
communicates between the end portion 23a and the opening
port 23f; is defined as a first flow passage 23g, and a region of
the flow passage 23 A, which communicates between the end
portion 235 and the opening port 23f; is defined as a second
flow passage 234.

[0067] In order to branch the refrigerant flowing into the
flow passage 23A to have different heights and cause the
refrigerant to flow out therefrom, the end portion 23a is posi-
tioned on the upper side relative to the opening port 23/, and
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the end portion 23/ is positioned on the lower side relative to
the opening port 23/ When the straight line connecting
between the end portion 23a and the end portion 23/ is set
parallel to the longitudinal direction of the third plate-shaped
member 23, the dimension of the third plate-shaped member
23 in the transverse direction can be decreased, which reduces
the component cost, the weight, and the like. Further, when
the straight line connecting between the end portion 23a and
the end portion 23/ is set parallel to the array direction of the
first heat transfer tubes 4, space saving can be achieved in the
heat exchanger 1.

[0068] FIG. 4 is a developed view of the stacking-type
header of the heat exchanger according to Embodiment 1.

[0069] As illustrated in FIG. 4, when the array direction of
the first heat transfer tubes 4 is not parallel to the gravity
direction, in other words, when the array direction intersects
with the gravity direction, the straight-line part 23¢ is not
perpendicular to the longitudinal direction of the third plate-
shaped member 23. In other words, the stacking-type header
2 is not limited to a stacking-type header in which the plural-
ity of first outlet flow passages 11A are arrayed along the
gravity direction, and may be used in a case where the heat
exchanger 1 is installed in an inclined manner, such as a heat
exchanger for a wall-mounting type room air-conditioning
apparatus indoor unit, an outdoor unit for an air-conditioning
apparatus, or a chiller outdoor unit. Note that, in FIG. 4, there
is illustrated a case where the longitudinal direction of the
cross section of the flow passage 21A formed in the first
plate-shaped member 21, in other words, the longitudinal
direction of the cross section of the first outlet flow passage
11A is perpendicular to the longitudinal direction of the first
plate-shaped member 21, but the longitudinal direction of the
cross section of the first outlet flow passage 11A may be
perpendicular to the gravity direction.

[0070] The flow passage 23A may be formed as a through
groove shaped so that a connecting part 23: for connecting the
end portion 234 of the straight-line part 23¢ to the end portion
23a and a connecting part 23; for connecting the end portion
23e of the straight-line part 23¢ to the end portion 235 are
branched, and other flow passages may communicate with the
branching flow passage 125. When the other flow passages do
not communicate with the branching flow passage 124, the
uniformity in distribution of the refrigerant is reliably
improved. The connecting parts 23/ and 23/ may be each a
straight line or a curved line.

[0071] FIG. 5 are views each illustrating a modified
example of the flow passage formed in the third plate-shaped
member of the heat exchanger according to Embodiment 1.

[0072] As illustrated in FIG. 5(a), the flow passage 23A
may not include the straight-line part 23¢. In such a case, a
horizontal part between the end portion 23a and the end
portion 235 of the flow passage 23A, which is substantially
perpendicular to the gravity direction, serves as the opening
port 237 In a case where the flow passage 23A includes the
straight-line part 23¢, when the refrigerant is branched at the
opening port 23f, the angles of the respective branching direc-
tions with respect to the gravity direction are uniform, which
reduces the influence of the gravity. When the flow passage
23A does not include the straight-line part 23c¢, the influence
of'the gravity is increased as compared to the case of includ-
ing the straight-line part 23¢. However, a difference between
a flow resistance to act on the refrigerant passing through the
first flow passage 23g and a flow resistance to act on the
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refrigerant passing through the second flow passage 23/ are
set smaller so that the uniformity in distribution of the refrig-
erant can be improved.

[0073] As illustrated in FIG. 5(b), each of the end portion
23a and the end portion 235 may communicate with each of
the connecting parts 23i and 23; through each of straight-line
parts 234 and 23/ parallel to the gravity direction. When each
of the end portions 23a and 235 communicates with each of
the connecting parts 23/ and 23; through the straight-line
parts 23% and 23/, drift caused when the refrigerant passes
through the connecting parts 237 and 23; not parallel to the
gravity direction is uniformized so that the uniformity in
distribution of the refrigerant can be improved.

<Flow of Refrigerant in Laminated Header>

[0074] Now, the flow of the refrigerant in the stacking-type
header of the heat exchanger according to Embodiment 1 is
described.

[0075] As illustrated in FIG. 3 and FIG. 4, the refrigerant
passing through the flow passage 22A of the second plate-
shaped member 22 flows into the opening port 23/ of the flow
passage 23A formed in the third plate-shaped member 23_1.
The refrigerant flowing into the opening port 23/'hits against
the surface of the member stacked adjacent to the third plate-
shaped member 23_1, and is branched into two flows respec-
tively toward the end portion 234 and the end portion 23e of
the straight-line part 23¢. The branched refrigerant reaches
each ofthe end portions 23a and 235 of the flow passage 23A
and flows into the opening port 237 of the flow passage 23A
formed in the third plate-shaped member 23_2.

[0076] Similarly, the refrigerant flowing into the opening
port 23f of the flow passage 23A formed in the third plate-
shaped member 23_2 hits against the surface of the member
stacked adjacent to the third plate-shaped member 23_2, and
is branched into two flows respectively toward the end portion
23d and the end portion 23e of the straight-line part 23¢. The
branched refrigerant reaches each of the end portions 234 and
23b of the flow passage 23 A, and flows into the opening port
23fof the flow passage 23A formed in the third plate-shaped
member 23_3.

[0077] Similarly, the refrigerant flowing into the opening
port 23f of the flow passage 23A formed in the third plate-
shaped member 23_3 hits against the surface of the member
stacked adjacent to the third plate-shaped member 23_3, and
is branched into two flows respectively toward the end portion
23d and the end portion 23e of the straight-line part 23¢. The
branched refrigerant reaches each of the end portions 234 and
23b of the flow passage 23A, and passes through the flow
passage 21A of the first plate-shaped member 21 to flow into
the first heat transfer tube 4.

<Method of Laminating Plate-Like Members>

[0078] Now, a method of stacking the respective plate-
shaped members of the stacking-type header of the heat
exchanger according to Embodiment 1 is described.

[0079] The respective plate-shaped members may be
stacked by brazing. A both-side clad member having a braz-
ing material rolled on both surfaces thereof may be used for
all of the plate-shaped members or alternate plate-shaped
members to supply the brazing material for joining. A one-
side clad member having a brazing material rolled on one
surface thereof may be used for all of the plate-shaped mem-
bers to supply the brazing material for joining. A brazing-
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material sheet may be stacked between the respective plate-
shaped members to supply the brazing material. A paste
brazing material may be applied between the respective plate-
shaped members to supply the brazing material. A both-side
clad member having a brazing material rolled on both sur-
faces thereof may be stacked between the respective plate-
shaped members to supply the brazing material.

[0080] Through lamination with use of brazing, the plate-
shaped members are stacked without a gap therebetween,
which suppresses leakage of the refrigerant and further
secures the pressure resistance. When the plate-shaped mem-
bers are pressurized during brazing, the occurrence of brazing
failure is further suppressed. When processing that promotes
formation of a fillet, such as forming a rib at a position at
which leakage of the refrigerant is liable to occur, is per-
formed, the occurrence of brazing failure is further sup-
pressed.

[0081] Further, when all of the members to be subjected to
brazing, including the first heat transfer tube 4 and the fin 6,
are made of the same material (for example, made of alumi-
num), the members may be collectively subjected to brazing,
which improves the productivity. After the brazing in the
stacking-type header 2 is performed, the brazing of the first
heat transfer tube 4 and the fin 6 may be performed. Further,
only the first plate-shaped unit 11 may be first joined to the
retaining member 5 by brazing, and the second plate-shaped
unit 12 may be joined by brazing thereafter.

[0082] FIG. 6 is a perspective view of the heat exchanger
according to Embodiment 1 under a state in which the stack-
ing-type header is disassembled. FIG. 7 is a developed view
of'the stacking-type header of the heat exchanger according to
Embodiment 1.

[0083] Inparticular, a plate-shaped member having a braz-
ing material rolled on both surfaces thereof, in other words, a
both-side clad member may be stacked between the respec-
tive plate-shaped members to supply the brazing material. As
illustrated in FIG. 6 and FIG. 7, a plurality of both-side clad
members 24_1 to 24_5 are stacked between the respective
plate-shaped members. In the following, in some cases, the
plurality of both-side clad members 24_1 to 24_5 are collec-
tively referred to as the both-side clad member 24. Note that,
the both-side clad member 24 may be stacked between a part
of' the plate-shaped members, and a brazing material may be
supplied between the remaining plate-shaped members by
other methods.

[0084] The both-side clad member 24 has a flow passage
24A, which passes through the both-side clad member 24,
formed in a region that is opposed to a refrigerant outflow
region of the flow passage formed in the plate-shaped mem-
ber stacked adjacent on the refrigerant inflow side. The flow
passage 24 A formed in the both-side clad member 24 stacked
between the second plate-shaped member 22 and the third
plate-shaped member 23 is a circular through hole. The flow
passage 24A formed in the both-side clad member 24_5
stacked between the first plate-shaped member 21 and the
retaining member 5 is a through hole having an inner periph-
eral surface shaped conforming to the outer peripheral surface
of the first heat transfer tube 4.

[0085] When the both-side clad member 24 is stacked, the
flow passage 24 A functions as a refrigerant partitioning flow
passage for the first outlet flow passage 11A and the distribu-
tion flow passage 12A. Under a state in which the both-side
clad member 24_5 is stacked on the retaining member 5, the
end portions of the first heat transfer tubes 4 may be or not be
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projected from the surface of the both-side clad member
24_5. When the flow passage 24 A is formed by press working
or other processing, the work is simplified, and the manufac-
turing cost and the like are reduced. When all of the members
to be subjected to brazing, including the both-side clad mem-
ber 24, are made of the same material (for example, made of
aluminum), the members may be collectively subjected to
brazing, which improves the productivity.

[0086] Through formation of the refrigerant partitioning
flow passage by the both-side clad member 24, in particular,
the branched flows of refrigerant flowing out from the branch-
ing flow passage 125 can be reliably partitioned from each
other. Further, by the amount of the thickness of each both-
side clad member 24, an entrance length for the refrigerant
flowing into the branching flow passage 125 or the first outlet
flow passage 11A can be secured, which improves the uni-
formity in distribution of the refrigerant. Further, the flows of
the refrigerant can be reliably partitioned from each other, and
hence the degree of freedom in design of the branching flow
passage 125 can be increased.

<Details of Flow Passage of Third Plate-Like Member>

[0087] FIG. 81is a view illustrating a comparative example
of'the flow passage formed in the third plate-shaped member
of the heat exchanger according to Embodiment 1. Note that,
in FIG. 8, a part of the flow passage formed in a member
stacked adjacent to the third plate-shaped member is indi-
cated by the dotted lines. A state in which the both-side clad
member 24 is stacked on the third plate-shaped member 23 is
illustrated (state of FIG. 6 and FIG. 7), but the same holds true
in a state in which the both-side clad member 24 is not stacked
(state of FIG. 2 and FIG. 3).

[0088] First, as the comparative example, description is
made of the flow passage 23 A of the third plate-shaped mem-
ber 23 when the first flow passage 23g and the second flow
passage 23/ are equal to each other in flow-passage resis-
tance, and are point symmetric with each other about the
opening port 23f

[0089] As illustrated in FIG. 8, a height difference between
the end portion 23a and a center 23m of the opening port 23/
is defined as a flow-passage height hl, a height difference
between the end portion 235 and the center 23m of the open-
ing port 23f'is defined as a flow-passage height h2, a flow-
passage length of the first flow passage 23g is defined as a
flow-passage length 11, a flow-passage length of the second
flow passage 23/ is defined as a flow-passage length 12, a
flow-passage width of the first flow passage 23g is defined as
a flow-passage width W1, a flow-passage width of the second
flow passage 23/ is defined as a flow-passage width W2, a
bending angle of the first flow passage 23g is defined as a
bending angle 81, and a bending angle of the second flow
passage 23/ is defined as a bending angle 62. Further, a
thickness of the third plate-shaped member 23, that is, a
flow-passage depth thereof is defined as d. Note that, the
center of the refrigerant outflow region of the first flow pas-
sage 23g is defined as the end portion 23a, and the center of
the refrigerant outflow region of the second flow passage 23/
is defined as the end portion 234.

[0090] When the first flow passage 23g and the second flow
passage 23/ are equal to each other in flow-passage resis-
tance, and are point symmetric with each other about the
opening port 23/, hl is equal to h2, 11 is equal to 12, W1 is
equal to W2, and 01 is equal to 62, and a surface property of
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the first flow passage 23g and a surface property of the second
flow passage 23/ are equal to each other.

[0091] Further, a pressure ofthe refrigerant flowing into the
opening port 23/7is defined as a pressure P0, a pressure of the
refrigerant flowing out from the end portion 23« is defined as
a pressure P1, a pressure of the refrigerant flowing out from
the end portion 235 is defined as a pressure P2, a pressure loss
caused due to the flow-passage resistance in the first flow
passage 23g is defined as a pressure loss APf1, and a pressure
loss caused due to the flow-passage resistance in the second
flow passage 237 is defined as a pressure loss APf2.

[0092] The pressure P1 of the refrigerant flowing out from
the end portion 23a and the pressure P2 of the refrigerant
flowing out from the end portion 235 are calculated by (Ex-
pression 1) and (Expression 2) below using a density p [kg/
m>] of the refrigerant.

[Math. 1]
Expression 1

P1=P0-APfl-pghl

(%1
[Math. 2]
Expression 2
P2=PO-APR+pgh2

(*2)

[0093] When the first flow passage 23g and the second flow
passage 23/ are equal to each other in flow-passage resis-
tance, and are point symmetric with each other about the
opening port 23f, the pressure loss APfl caused due to the
flow-passage resistance in the first flow passage 23g and the
pressure loss APf2 caused due to the flow-passage resistance
in the second flow passage 23% are equal to each other. Fur-
ther, hl is equal to h2, and hence p-g-hl and p-g-h2 are equal
to each other.

[0094] Therefore, the pressure P1 of the refrigerant flowing
out from the end portion 23a and the pressure P2 of the
refrigerant flowing out from the end portion 235 are not equal
to each other because a flow resistance in the first flow pas-
sage 23g, that is, a pressure loss (APf14p-g-hl) generated in
the refrigerant passing through the first flow passage 23g and
a flow resistance in the second flow passage 23/, that is, a
pressure loss (APf2—p-g-h2) generated in the refrigerant pass-
ing through the second flow passage 23/ are different from
each other. As a result, a flow rate of the refrigerant flowing
out from the end portion 23a and a flow rate of the refrigerant
flowing out from the end portion 235 are nonuniform.
[0095] Ontheother hand, the pressure loss APf1 caused due
to the flow-passage resistance in the first flow passage 23g and
the pressure loss APf2 caused due to the flow-passage resis-
tance in the second flow passage 23/ are respectively
expressed by (Expression 3) and (Expression 4) below by
using a friction coefficient A1 [dimensionless] of the first flow
passage 23g, a friction coefficient A2 [dimensionless] of the
second flow passage 234, a hydraulic equivalent diameter dhl
[m] of the first flow passage 23g, a hydraulic equivalent
diameter dh2 [m] of the second flow passage 23/, a flow
velocity ul [m/s] of the refrigerant flowing through the first
flow passage 23g, a flow velocity u2 [m/s] of the refrigerant
flowing through the second flow passage 23/, and a flow rate
Gr [kg/s] of the refrigerant.
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Math. 3] (G)!

Expression 3
aprl = [EL) ()
1= .(M]. |-
Ll Gr ¥ Ll 1 Gr 2
M(_](E)(—r] =M(_](_](_r]
dhl) ‘27 \p-W1.6 dhl) \2p) \W1-6

[Math. 4] @ 4
Expression 4

APZ—AZ(LZ] P2
7= am) | 2

e {6 ) e (@) (M)

[0096] As apparent also from (Expression 3) and (Expres-
sion 4), the pressure loss APf1 caused due to the flow-passage
resistance in the first flow passage 23g and the pressure loss
APf2 caused due to the flow-passage resistance in the second
flow passage 23/ have parameters such as the flow-passage
lengths 11 and 12, the flow-passage widths W1 and W2, and
the friction coefficients A1 and A2, respectively. Thus,
through changing of those parameters, it is possible to reduce
a difference between the pressure loss (APfl+p-g-hl) gener-
ated in the refrigerant passing through the first flow passage
23g and the pressure loss (APf2-p-g-h2) generated in the
refrigerant passing through the second flow passage 234.
Further, through changing of the flow-passage heights h1 and
h2, itis possible to reduce the difference between the pressure
loss (APfl+p-g-hl) generated in the refrigerant passing
through the first flow passage 23g and the pressure loss
(APf2-p-g-h2) generated in the refrigerant passing through
the second flow passage 23/. Further, the difference between
the pressure loss (APfl1+p-g-hl) generated in the refrigerant
passing through the first flow passage 23g and the pressure
loss (APf2-p-g-h2) generated in the refrigerant passing
through the second flow passage 23/ can be set to 0 as nec-
essary.

[0097] Thatis, as described in specific examples below, the
flow passage 23A of the third plate-shaped member 23 is
improved so as to reduce the difference in flow resistance
between the first flow passage 23g and the second flow pas-
sage 23/ as compared to that in a state in which the flow-
passage resistances in the first flow passage 23g and the
second flow passage 23/ are equal to each other, and in a state
in which the first flow passage 23g and the second flow
passage 23/ are point symmetric with each other about the
opening port 23f. As a result, the flow rate of the refrigerant
flowing out from the end portion 23« and the flow rate of the
refrigerant flowing out from the end portion 235 are equal-
ized, which improves the uniformity in distribution of the
refrigerant in the stacking-type header 2. Note that, it is need-
less to say that the respective specific examples may be com-
bined with each other.

Specific Example-1

[0098] FIG. 9 is a view illustrating Specific Example-1 of
the flow passage formed in the third plate-shaped member of
the heat exchanger according to Embodiment 1.

[0099] Asillustrated in FIG. 9, in the flow passage 23 A, the
flow-passage width W2 of the second flow passage 23/ is
smaller than the flow-passage width W1 of the first flow
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passage 23g. In such a case, the flow-passage resistance in the
second flow passage 23/ is larger than the flow-passage resis-
tance in the first flow passage 23g, thereby suppressing the
increase in flow rate of the refrigerant flowing into the second
flow passage 23/ due to the influence of the gravity.

[0100] FIG. 10 is a graph showing effects of Specific
Example-1 of the flow passage formed in the third plate-
shaped member of the heat exchanger according to Embodi-
ment 1. Note that, the flow rate of the refrigerant flowing
through the first flow passage 23g is defined as Wrl, and the
flow rate of the refrigerant flowing through the second flow
passage 23/ is defined as Wr2.

[0101] As shown in FIG. 10, when the flow-passage width
W1 of'the first flow passage 23g and the flow-passage width
W2 of the second flow passage 23/ are equal to each other,
that is, W1/W2 is 1.0, the flow rate Wrl of the refrigerant
flowing through the first flow passage 23g is lower than the
flow rate Wr2 of the refrigerant flowing through the second
flow passage 23/4. When the flow-passage width W2 of the
second flow passage 23/ is set smaller than the flow-passage
width W1 of the first flow passage 23g, a ratio of the flow rate
Wrl of the refrigerant flowing through the first flow passage
23g to a sum of the flow rate Wrl of the refrigerant flowing
through the first flow passage 23g and the flow rate Wr2 ofthe
refrigerant flowing through the second flow passage 23/ can
approach 0.5.

Specific Example-2

[0102] FIG. 11 is a view illustrating Specific Example-2 of
the flow passage formed in the third plate-shaped member of
the heat exchanger according to Embodiment 1.

[0103] As illustrated in FIG. 11, in the flow passage 23A,
the flow-passage length 12 of the second flow passage 237 is
larger than the flow-passage length 11 of the first flow passage
23g. In such a case, the flow-passage resistance in the second
flow passage 23/ is larger than the flow-passage resistance in
the first flow passage 23g, thereby suppressing the increase in
flow rate of the refrigerant flowing into the second flow pas-
sage 23/ due to the influence of the gravity. Effects of Specific
Example-2 are the same as those obtained by changing the
horizontal axis of FIG. 9 to 12/11.

[0104] FIG. 12 is a view illustrating Specific Example-2 of
the flow passage formed in the third plate-shaped member of
the heat exchanger according to Embodiment 1.

[0105] In FIG. 11, there is illustrated a case where the
flow-passage length 12 of the second flow passage 237 is set
larger than the flow-passage length 11 of the first flow passage
23g under a state in which the flow-passage height h1 of the
first flow passage 23g and the flow-passage height h2 of the
second flow passage 23/ are set equal to each other. However,
as illustrated in FIG. 12, the flow-passage height h2 of the
second flow passage 23%2 may be set larger than the flow-
passage height h1 ofthe first flow passage 23g in order that the
flow-passage length 12 of the second flow passage 23/ is
larger than the flow-passage length 11 of the first flow passage
23g.

[0106] The flow-passage height h2 of the second flow pas-
sage 23/ may be set larger than the flow-passage height hl of
the first flow passage 23g without changing a sum of the
flow-passage height h1 of the first flow passage 23g and the
flow-passage height h2 of the second flow passage 23%. Fur-
ther, the flow-passage height h2 of the second flow passage
23/ may be set larger than the flow-passage height h1 of the
first flow passage 23g while changing the sum of the flow-
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passage height hl of the first flow passage 23g and the flow-
passage height h2 of the second flow passage 23/%. When the
flow-passage height h2 of the second flow passage 23/ is set
larger than the flow-passage height h1 of the first flow passage
23g while reducing the sum of the flow-passage height h1 of
the first flow passage 23g and the flow-passage height h2 of
the second flow passage 23/, for example, when the flow-
passage height h1 of the first flow passage 23g is set smaller
without changing the flow-passage height h2 of the second
flow passage 23/, the flow-passage length 12 of the second
flow passage 23/ is larger than the flow-passage length 11 of
the first flow passage 23g, and in addition, p-g(h1+h2) can be
reduced, thereby further reducing the difference between the
pressure loss (APf1+p-g-h1) generated in the refrigerant pass-
ing through the first flow passage 23g and the pressure loss
(APf2-p-g-h2) generated in the refrigerant passing through
the second flow passage 23/. In such a case, it is necessary to
narrow the interval between the plurality of first outlet flow
passages 11A, that s, the interval between the first heat trans-
fer tubes 4. Note that, the flow-passage height h2 of the
second flow passage 23%2 may be set larger than the flow-
passage height h1 of the first flow passage 23g while increas-
ing the sum of the flow-passage height hl of the first flow
passage 23g and the flow-passage height h2 of the second
flow passage 234.

Specific Example-3

[0107] FIG. 13 is a view illustrating Specific Example-3 of
the flow passage formed in the third plate-shaped member of
the heat exchanger according to Embodiment 1.

[0108] As illustrated in FIG. 13, in the flow passage 23A,
the second flow passage 23% has a projecting portion 23n
formed therein, which projects inward from the flow passage.
The projecting portion 23 is an annular reducing portion, a
semispherical projection, or the like. In such a case, the sec-
tional area of the second flow passage 237 is reduced so that
the flow-passage resistance in the second flow passage 23/ is
larger than the flow-passage resistance in the first flow pas-
sage 23g, thereby suppressing the increase in flow rate of the
refrigerant flowing into the second flow passage 23/ due to
the influence of the gravity. The projecting portion 237 may
be formed through insertion of a projecting portion formed on
a member stacked adjacent to the third plate-shaped member
into the flow passage 23A. Note that, in the first flow passage
23g, there may be formed a projecting portion having a pro-
jection amount smaller than that of the projecting portion 23»
formed in the second flow passage 23/.

Specific Example-4

[0109] Inthe flow passage 23 A, a surface roughness Ra2 of
the second flow passage 23/ is higher than a surface rough-
ness Ral of the first flow passage 23g. In such a case, the
friction coefficient A2 of the second flow passage 23/ is
increased so that the flow-passage resistance in the second
flow passage 23/ is larger than the flow-passage resistance in
the first flow passage 23g, thereby suppressing the increase in
flow rate of the refrigerant flowing into the second flow pas-
sage 23/ due to the influence of the gravity. Effects of Specific
Example-4 are the same as those obtained by changing the
horizontal axis of FIG. 9 to Ra2/Ral.

Specific Example-5

[0110] FIG. 14 is a view illustrating Specific Example-5 of
the flow passage formed in the third plate-shaped member of
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the heat exchanger according to Embodiment 1. FIG. 15 are
views each illustrating a state of the refrigerant of Specific
Example-5 of the flow passage formed in the third plate-
shaped member of the heat exchanger according to Embodi-
ment 1. Note that, FIG. 15(a) illustrates a case where the
bending angle 02 of the second flow passage 23/ is smaller,
and FIG. 15(4) illustrates a case where the bending angle 62
of'the second flow passage 23/ is larger.

[0111] As illustrated in FIG. 14, in the flow passage 23A,
the bending angle 02 of the second flow passage 23/ is larger
than the bending angle 61 of the first flow passage 23g. As
illustrated in FIG. 15, the flow of the refrigerant is disturbed
to cause vortexes on an outer side of the bending portion and
an inner side of the bending portion on the refrigerant outflow
side. When the bending angle 62 of the second flow passage
23k is larger than the bending angle 61 of the first flow
passage 23g, a region in which the flow of the refrigerant is
disturbed is increased in the second flow passage 23/ so that
the influence of the vortexes is increased. Thus, the flow-
passage resistance in the second flow passage 23/ is larger
than the flow-passage resistance in the first flow passage 23g,
thereby suppressing the increase in flow rate of the refrigerant
flowing into the second flow passage 23/ due to the influence
of the gravity. Effects of Specific Example-5 are the same as
those obtained by changing the horizontal axis of FIG. 9 to
02/61.

[0112] When the end portion 236 and the connecting part
23j communicate with each other through the straight-line
part 23/ parallel to the gravity direction in order to increase
the bending angle 02, the drift caused when the refrigerant
passes through the connecting part 23; not parallel to the
gravity direction is uniformized so that the uniformity in
distribution of the refrigerant can be further improved.

Specific Example-6

[0113] FIG. 16 is a view illustrating Specific Example-6 of
the flow passage formed in the third plate-shaped member of
the heat exchanger according to Embodiment 1.

[0114] As illustrated in FIG. 16, in the flow passage 23A,
the straight-line part 23c¢ is inclined by an inclination angle 63
from a direction perpendicular to the gravity direction so that
the second flow passage 23/ side is higher. In such a case, in
the straight-line part 23c¢, the refrigerant flowing through the
first flow passage 23g utilizes the gravity, and the refrigerant
flowing through the second flow passage 23/ resists the grav-
ity. Thus, the flow-passage resistance in the second flow pas-
sage 23/ is larger than the flow-passage resistance in the first
flow passage 23g, thereby suppressing the increase in flow
rate of the refrigerant flowing into the second flow passage
23/ due to the influence of the gravity. As illustrated in FIG.
5(a), the flow passage 23 A may not include the straight-line
part 23¢. The first flow passage 23g may communicate with
the opening port 237 from a lower side of the opening port 237,
and the second flow passage 23# may communicate with the
opening port 23/ from an upper side of the opening port 237

<Usage Mode of Heat Exchanger>

[0115] Now, an example of a usage mode of the heat
exchanger according to Embodiment 1 is described.

[0116] Note that, in the following, there is described a case
where the heat exchanger according to Embodiment 1 is used
for an air-conditioning apparatus, but the present invention is
not limited to such a case, and for example, the heat exchanger
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according to Embodiment 1 may be used for other refrigera-
tion cycle apparatus including a refrigerant circuit. Further,
there is described a case where the air-conditioning apparatus
switches between a cooling operation and a heating opera-
tion, but the present invention is not limited to such a case, and
the air-conditioning apparatus may perform only the cooling
operation or the heating operation.

[0117] FIG.17is aview illustrating the configuration of the
air-conditioning apparatus to which the heat exchanger
according to Embodiment 1 is applied. Note that, in FIG. 17,
the flow of the refrigerant during the cooling operation is
indicated by the solid arrow, while the flow of the refrigerant
during the heating operation is indicated by the dotted arrow.
[0118] As illustrated in FIG. 17, an air-conditioning appa-
ratus 51 includes a compressor 52, a four-way valve 53, a heat
source-side heat exchanger 54, an expansion device 55, a
load-side heat exchanger 56, a heat source-side fan 57, a
load-side fan 58, and a controller 59. The compressor 52, the
four-way valve 53, the heat source-side heat exchanger 54,
the expansion device 55, and the load-side heat exchanger 56
are connected by refrigerant pipes to form a refrigerant cir-
cuit.

[0119] The controller 59 is connected to, for example, the
compressor 52, the four-way valve 53, the expansion device
55, the heat source-side fan 57, the load-side fan 58, and
various sensors. The controller 59 switches the flow passage
of'the four-way valve 53 to switch between the cooling opera-
tion and the heating operation. The heat source-side heat
exchanger 54 acts as a condensor during the cooling opera-
tion, and acts as an evaporator during the heating operation.
The load-side heat exchanger 56 acts as the evaporator during
the cooling operation, and acts as the condensor during the
heating operation.

[0120] The flow ofthe refrigerant during the cooling opera-
tion is described.

[0121] The refrigerant in a high-pressure and high-tem-
perature gas state discharged from the compressor 52 passes
through the four-way valve 53 to flow into the heat source-
side heat exchanger 54, and is condensed through heat
exchange with the outside air supplied by the heat source-side
fan 57, to thereby become the refrigerant in a high-pressure
liquid state, which flows out from the heat source-side heat
exchanger 54. The refrigerant in the high-pressure liquid state
flowing out from the heat source-side heat exchanger 54 flows
into the expansion device 55 to become the refrigerant in a
low-pressure two-phase gas-liquid state. The refrigerant in
the low-pressure two-phase gas-liquid state flowing out from
the expansion device 55 flows into the load-side heat
exchanger 56 to be evaporated through heat exchange with
indoor air supplied by the load-side fan 58, to thereby become
the refrigerant in a low-pressure gas state, which flows out
from the load-side heat exchanger 56. The refrigerant in the
low-pressure gas state flowing out from the load-side heat
exchanger 56 passes through the four-way valve 53 to be
sucked into the compressor 52.

[0122] The flow of the refrigerant during the heating opera-
tion is described.

[0123] The refrigerant in a high-pressure and high-tem-
perature gas state discharged from the compressor 52 passes
through the four-way valve 53 to flow into the load-side heat
exchanger 56, and is condensed through heat exchange with
the indoor air supplied by the load-side fan 58, to thereby
become the refrigerant in a high-pressure liquid state, which
flows out from the load-side heat exchanger 56. The refriger-
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ant in the high-pressure liquid state flowing out from the
load-side heat exchanger 56 flows into the expansion device
55 to become the refrigerant in a low-pressure two-phase
gas-liquid state. The refrigerant in the low-pressure two-
phase gas-liquid state flowing out from the expansion device
55 flows into the heat source-side heat exchanger 54 to be
evaporated through heat exchange with the outside air sup-
plied by the heat source-side fan 57, to thereby become the
refrigerant in a low-pressure gas state, which flows out from
the heat source-side heat exchanger 54. The refrigerant in the
low-pressure gas state flowing out from the heat source-side
heat exchanger 54 passes through the four-way valve 53 to be
sucked into the compressor 52.

[0124] The heat exchanger 1 is used for at least one of the
heat source-side heat exchanger 54 or the load-side heat
exchanger 56. When the heat exchanger 1 acts as the evapo-
rator, the heat exchanger 1 is connected so that the refrigerant
flows in from the stacking-type header 2 and the refrigerant
flows out from the header 3. In other words, when the heat
exchanger 1 acts as the evaporator, the refrigerant in the
two-phase gas-liquid state passes through the refrigerant pipe
to flow into the stacking-type header 2, and the refrigerant in
the gas state passes through the first heat transfer tube 4 to
flow into the header 3. Further, when the heat exchanger 1 acts
as the condensor, the refrigerant in the gas state passes
through the refrigerant pipe to flow into the header 3, and the
refrigerant in the liquid state passes through the first heat
transfer tube 4 to flow into the stacking-type header 2.

<Action of Heat Exchanger>

[0125] Now, an action of the heat exchanger according to
Embodiment 1 is described.

[0126] The flow passage 23A of the third plate-shaped
member 23 is smaller in difference in flow resistance between
the first flow passage 23g and the second flow passage 23/
than that in the state in which the flow-passage resistances in
the first flow passage 23g and the second flow passage 23/ are
equal to each other, and in a state in which the first flow
passage 23g and the second flow passage 23/ are point sym-
metric with each other about the opening port 23f. Therefore,
the flow rate of the refrigerant flowing out from the end
portion 23a and the flow rate of the refrigerant flowing out
from the end portion 235 are equalized, which improves the
uniformity in distribution of the refrigerant in the stacking-
type header 2.

[0127] Further, the flow passage 23A formed in the third
plate-shaped member 23 is a through groove, and the branch-
ing flow passage 125 is formed by stacking the third plate-
shaped member 23. Therefore, the processing and assembly
are simplified, and the production efficiency, the manufactur-
ing cost, and the like are reduced.

[0128] Inparticular, even when the heat exchanger 1is used
in an inclined manner, in other words, even when the array
direction of the first outlet flow passages 11A intersects with
the gravity direction, the flow rate of the refrigerant flowing
out from the end portion 23a and the flow rate of the refrig-
erant flowing out from the end portion 235 are equalized.
Therefore, the uniformity in distribution of the refrigerant in
the stacking-type header 2 is improved.

[0129] Inparticular, in the related-art stacking-type header,
when the refrigerant flowing therein is in a two-phase gas-
liquid state, the refrigerant is easily affected by the gravity,
and it is difficult to equalize the flow rate and the quality ofthe
refrigerant flowing into each heat transfer tube. In the stack-
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ing-type header 2, however, regardless of the flow rate and the
quality of the refrigerant in the two-phase gas-liquid state
flowing therein, the refrigerant is less liable to be affected by
the gravity, and the flow rate and the quality of the refrigerant
flowing into each first heat transfer tube 4 can be equalized.

[0130] Inparticular, in the related-art stacking-type header,
when the heat transfer tube is changed from a circular tube to
a flat tube for the purpose of reducing the refrigerant amount
or achieving space saving in the heat exchanger, the stacking-
type header is required to be upsized in the entire peripheral
direction perpendicular to the refrigerant inflow direction. On
the other hand, the stacking-type header 2 is not required to be
upsized in the entire peripheral direction perpendicular to the
refrigerant inflow direction, and thus space saving is achieved
in the heat exchanger 1. In other words, in the related-art
stacking-type header, when the heat transfer tube is changed
from a circular tube to a flat tube, the sectional area of the flow
passage in the heat transfer tube is reduced, and thus the
pressure loss caused in the heat transfer tube is increased.
Therefore, it is necessary to further reduce the angular inter-
val between the plurality of grooves forming the branching
flow passage to increase the number of paths (in other words,
the number of heat transfer tubes), which causes upsize of the
stacking-type header in the entire peripheral direction per-
pendicular to the refrigerant inflow direction. On the other
hand, in the stacking-type header 2, even when the number of
paths is required to be increased, the number of the third
plate-shaped members 23 is only required to be increased,
and hence the upsize of the stacking-type header 2 in the
entire peripheral direction perpendicular to the refrigerant
inflow direction is suppressed. Note that, the stacking-type
header 2 is not limited to the case where the first heat transfer
tube 4 is a flat tube.

Modified Example-1

[0131] FIG. 18 is a perspective view of Modified
Example-1 of the heat exchanger according to Embodiment 1
under a state in which the stacking-type header is disas-
sembled. Note that, in FIG. 18 and subsequent figures, a state
in which the both-side clad member 24 is stacked is illustrated
(state of FIG. 6 and FIG. 7), but it is needless to say that a state
in which the both-side clad member 24 is not stacked (state of
FIG. 2 and FIG. 3) may be employed.

[0132] As illustrated in FIG. 18, the second plate-shaped
member 22 may have the plurality of flow passages 22A
formed therein, in other words, the second plate-shaped unit
12 may have the plurality of first inlet flow passages 12a
formed therein, to thereby reduce the number of the third
plate-shaped members 23. With such a configuration, the
component cost, the weight, and the like can be reduced.

[0133] FIG. 19 is a perspective view of Modified
Example-1 of the heat exchanger according to Embodiment 1
under a state in which the stacking-type header is disas-
sembled.

[0134] The plurality of flow passages 22A may not be
formed in regions opposed to refrigerant inflow regions of the
flow passages 23 A formed in the third plate-shaped member
23. As illustrated in FIG. 9, for example, the plurality of flow
passages 22A may be formed collectively at one position, and
a flow passage 25A of a different plate-shaped member 25
stacked between the second plate-shaped member 22 and the
third plate-shaped member 23_1 may guide each of the flows
of the refrigerant passing through the plurality of flow pas-

Apr. 28,2016

sages 22 A to a region opposed to the refrigerant inflow region
of the flow passage 23A formed in the third plate-shaped
member 23.

Modified Example-2

[0135] FIG. 20 is a perspective view of Modified
Example-2 of the heat exchanger according to Embodiment 1
under a state in which the stacking-type header is disas-
sembled.

[0136] As illustrated in FIG. 20, any one of the third plate-
shaped members 23 may be replaced by a different plate-
shaped member 25 having a flow passage 25B whose opening
port 23 is not positioned in the straight-line part 23¢. For
example, in the flow passage 25B, the opening port 23fis not
positioned in the straight-line part 23¢ but positioned in an
intersecting part, and the refrigerant flows into the intersect-
ing part to be branched into four flows. The number of
branches may be any number. As the number of branches is
increased, the number of the third plate-shaped members 23 is
reduced. With such a configuration, the uniformity in distri-
bution of the refrigerant is reduced, but the component cost,
the weight, and the like are reduced.

Modified Example-3

[0137] FIG. 21 is a perspective view of Modified
Example-3 of the heat exchanger according to Embodiment 1
under a state in which the stacking-type header is disas-
sembled. FIG. 22 is a developed view of the stacking-type
header of Modified Example-3 of the heat exchanger accord-
ing to Embodiment 1. Note that, in FIG. 22, the illustration of
the both-side clad member 24 is omitted.

[0138] Asillustrated in FIG. 21 and FIG. 22, any one of the
third plate-shaped members 23 (for example, the third plate-
shaped member 23_2) may include the flow passage 23A
functioning as the branching flow passage 125 for causing the
refrigerant to flow out therefrom to the side on which the first
plate-shaped unit 11 is present without turning back the
refrigerant, and a flow passage 23B functioning as a branch-
ing flow passage 124 for causing the refrigerant to flow out
therefrom by turning back the refrigerant to a side opposite to
the side on which the first plate-shaped unit 11 is present. The
flow passage 23B has a configuration similar to that of the
flow passage 23A. In other words, the flow passage 23B
includes the straight-line part 23¢ perpendicular to the gravity
direction, and the refrigerant flows therein through the open-
ing port 237 formed between the end portion 234 and the end
portion 23e of the straight-line part 23c¢, passes through each
of'the end portion 23d and the end portion 23e, and flows out
therefrom through each of the end portions 23a and 235 of the
flow passage 23B. With such a configuration, the number of
the third plate-shaped members 23 is reduced, and the com-
ponent cost, the weight, and the like are reduced. Further, the
frequency of occurrence of brazing failure is reduced.

[0139] The third plate-shaped member 23 (for example, the
third plate-shaped member 23_1) stacked on the third plate-
shaped member 23 having the flow passage 23B formed
therein on the side opposite to the side on which the first
plate-shaped unit 11 is present may include a flow passage
23C for returning the refrigerant flowing therein through the
flow passage 23B to the flow passage 23 A of the third plate-
shaped member 23 having the flow passage 23B formed
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therein without branching the refrigerant, or may include the
flow passage 23 A for returning the refrigerant while branch-
ing the refrigerant.

Modified Example-4

[0140] FIG. 23 is a perspective view of Modified
Example-4 of the heat exchanger according to Embodiment 1
under a state in which the stacking-type header is disas-
sembled.

[0141] Asillustrated in FIG. 23, a convex portion 26 may be
formed on any one of the plate-shaped member and the both-
side clad member 24, in other words, a surface of any one of
the members to be stacked. For example, the position, shape,
size, and the like of the convex portion 26 are specific to each
member to be stacked. The convex portion 26 may be a
component such as a spacer. The member stacked adjacent
thereto has a concave portion 27 formed therein, into which
the convex portion 26 is inserted. The concave portion 27 may
be or not be a through hole. With such a configuration, the
error in lamination order of the members to be stacked is
suppressed, which reduces the failure rate. The convex por-
tion 26 and the concave portion 27 may be fitted to each other.
Insuch acase, aplurality of convex portions 26 and a plurality
of concave portions 27 may be formed so that the members to
be stacked are positioned through the fitting. Further, the
concave portion 27 may not be formed, and the convex por-
tion 26 may be fit into a part of the flow passage of the member
stacked adjacent thereto. In such a case, the height, size, and
the like of the convex portion 26 may be set to levels that do
not inhibit the flow of the refrigerant.

Modified Example-5

[0142] FIG. 24 are a main-part perspective view and a
main-part sectional view of Modified Example-5 of the heat
exchanger according to Embodiment 1 under a state in which
the stacking-type header is disassembled. Note that, FIG.
24(a) is a main-part perspective view under the state in which
the stacking-type header is disassembled, and FIG. 24(5) is a
sectional view of the first plate-shaped member 21 taken
along the line A-A of FIG. 24(a).

[0143] As illustrated in FIG. 24, any one of the plurality of
flow passages 21A formed in the first plate-shaped member
21 may be a tapered through hole having a circular shape at
the surface of the first plate-shaped member 21 on the side on
which the second plate-shaped unit 12 is present, and having
a shape conforming to the outer peripheral surface of the first
heat transfer tube 4 at the surface of the first plate-shaped
member 21 on the side on which the retaining member 5 is
present. In particular, when the first heat transfer tube 4 is a
flat tube, the through hole is shaped to gradually expand in a
region from the surface on the side on which the second
plate-shaped unit 12 is present to the surface on the side on
which the retaining member 5 is present. With such a con-
figuration, the pressure loss of the refrigerant when the refrig-
erant passes through the first outlet flow passage 11A is
reduced.

Modified Example-6

[0144] FIG. 25 are a main-part perspective view and a
main-part sectional view of Modified Example-6 of the heat
exchanger according to Embodiment 1 under a state in which
the stacking-type header is disassembled. Note that, FIG.
25(a) is a main-part perspective view under the state in which
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the stacking-type header is disassembled, and FIG. 25(5) is a
sectional view of the third plate-shaped member 23 taken
along the line B-B of FIG. 25(a).

[0145] As illustrated in FIG. 25, any one of the flow pas-
sages 23 A formed in the third plate-shaped member 23 may
be a bottomed groove. In such a case, a circular through hole
234 is formed at each of an end portion 230 and an end portion
23p of abottom surface ofthe groove of the flow passage 23A.
With such a configuration, the both-side clad member 24 is
not required to be stacked between the plate-shaped members
in order to interpose the flow passage 24 A functioning as the
refrigerant partitioning flow passage between the branching
flow passages 1254, which improves the production efficiency.
Note that, in FIG. 25, there is illustrated a case where the
refrigerant outflow side of the flow passage 23 A is the bottom
surface, but the refrigerant inflow side of the flow passage
23 A may be the bottom surface. In such a case, a through hole
may be formed in a region corresponding to the opening port
231

[0146] FIG. 26 are views each illustrating a specific
example of the flow passage formed in the third plate-shaped
member of Modified Example-6 of the heat exchanger
according to Embodiment 1. Note that, FIG. 26() is a sec-
tional view of the third plate-shaped member 23 taken along
the line C-C of FIG. 26(a).

[0147] As illustrated in FIG. 26, in the flow passage 23A,
the flow-passage depth 82 of the second tflow passage 234 is
smaller than the flow-passage depth 81 of the first flow pas-
sage 23g. In such a case, the flow-passage resistance in the
second flow passage 23/ is larger than the flow-passage resis-
tance in the first flow passage 23g, thereby suppressing the
increase in flow rate of the refrigerant flowing into the second
flow passage 23/ due to the influence of the gravity. Effects of
Modified Example-6 are the same as those obtained by
changing the horizontal axis of FIG. 9 to 1/62. Note that, the
flow passage 23 A may have a mode similar to those of Spe-
cific Example 1 to Specific Example 6. Further, setting the
flow-passage depth 62 of the second flow passage 234 smaller
than the flow-passage depth 81 of the first flow passage 23¢g
and may be combined with the modes of Specific Example 1
to Specific Example 6.

[0148] Setting the flow-passage depth 82 of the second flow
passage 23/ smaller than the flow-passage depth 81 of the
first flow passage 23g may be realized by forming only the
first flow passage 23g into a through groove. Further, the first
flow passage 23g and the second flow passage 23/ may be
formed into through grooves, and a member for filling a part
of'the through groove in a depth direction may be fit only into
the second flow passage 23%. The member may be the convex
portion formed on the member stacked adjacent to the third
plate-shaped member.

Modified Example-7

[0149] FIG. 27 is a perspective view of Modified
Example-7 of the heat exchanger according to Embodiment 1
under a state in which the stacking-type header is disas-
sembled.

[0150] As illustrated in FIG. 27, the flow passage 22A
functioning as the first inlet flow passage 12a may be formed
in a member to be stacked other than the second plate-shaped
member 22, in other words, a different plate-shaped member,
the both-side clad member 24, or other members. In such a
case, the flow passage 22A may be formed as, for example, a
through hole passing through the different plate-shaped
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member from the side surface thereof to the surface on the
side on which the second plate-shaped member 22 is present.
In other words, the present invention encompasses a configu-
ration in which the first inlet flow passage 124 is formed in the
first plate-shaped unit 11, and the “distribution flow passage”
of the present invention encompasses distribution flow pas-
sages other than the distribution flow passage 12A in which
the first inlet flow passage 12a is formed in the second plate-
shaped unit 12.

Embodiment 2

[0151] A heat exchanger according to Embodiment 2 is
described.
[0152] Note that, overlapping description or similar

description to that of Embodiment 1 is appropriately simpli-
fied or omitted.

<Configuration of Heat Exchanger>

[0153] Now, the configuration of the heat exchanger
according to Embodiment 2 is described.

[0154] FIG. 28 is a view illustrating the configuration of the
heat exchanger according to Embodiment 2.

[0155] As illustrated in FIG. 28, the heat exchanger 1
includes the stacking-type header 2, the plurality of first heat
transfer tubes 4, the retaining member 5, and the plurality of
fins 6.

[0156] The stacking-type header 2 includes the refrigerant
inflow port 2A, the plurality of refrigerant outflow ports 2B, a
plurality of refrigerant inflow ports 2C, and a refrigerant
outflow port 2D. The refrigerant pipes are connected to the
refrigerant inflow port 2A of the stacking-type header 2 and
the refrigerant outflow port 2D of the stacking-type header 2.
The first heat transfer tube 4 is a flat tube subjected to hair-pin
bending. The plurality of first heat transfer tubes 4 are con-
nected between the plurality of refrigerant outflow ports 2B of
the stacking-type header 2 and the plurality of refrigerant
inflow ports 2C of the stacking-type header 2.

<Flow of Refrigerant in Heat Exchanger>

[0157] Now, the flow of the refrigerant in the heat
exchanger according to Embodiment 2 is described.

[0158] The refrigerant flowing through the refrigerant pipe
passes through the refrigerant inflow port 2A to flow into the
stacking-type header 2 to be distributed, and then passes
through the plurality of refrigerant outflow ports 2B to flow
out toward the plurality of first heat transfer tubes 4. In the
plurality of first heat transfer tubes 4, the refrigerant
exchanges heat with air supplied by a fan, for example. The
refrigerant passing through the plurality of first heat transfer
tubes 4 passes through the plurality of refrigerant inflow ports
2C to flow into the stacking-type header 2 to be joined, and
then passes through the refrigerant outflow port 2D to flow out
toward the refrigerant pipe. The refrigerant can reversely
flow.

<Configuration of Laminated Header>

[0159] Now, the configuration of the stacking-type header
of the heat exchanger according to Embodiment 2 is
described.

[0160] FIG. 29 is a perspective view of the heat exchanger
according to Embodiment 2 under a state in which the stack-
ing-type header is disassembled. FIG. 30 is a developed view
of'the stacking-type header of the heat exchanger according to
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Embodiment 2. Note that, in FIG. 30, the illustration of the
both-side clad member 24 is omitted.

[0161] As illustrated in FIG. 29 and FIG. 30, the stacking-
type header 2 includes the first plate-shaped unit 11 and the
second plate-shaped unit 12. The first plate-shaped unit 11
and the second plate-shaped unit 12 are stacked on each other.
[0162] The first plate-shaped unit 11 has the plurality of
first outlet flow passages 11A and a plurality of second inlet
flow passages 11B formed therein. The plurality of second
inlet flow passages 11B correspond to the plurality of refrig-
erant inflow ports 2C in FIG. 28.

[0163] The first plate-shaped member 21 has a plurality of
flow passages 21B formed therein. The plurality of flow pas-
sages 21B are each a through hole having an inner peripheral
surface shaped conforming to an outer peripheral surface of
the first heat transfer tube 4. When the first plate-shaped
member 21 is stacked, the plurality of flow passages 21B
function as the plurality of second inlet flow passages 11B.

[0164] The second plate-shaped unit 12 has the distribution
flow passage 12A and a joining flow passage 12B formed
therein. The joining flow passage 12B includes a mixing flow
passage 12¢ and a second outlet flow passage 12d. The second
outlet flow passage 12d corresponds to the refrigerant outflow
port 2D in FIG. 28.

[0165] The second plate-shaped member 22 has a flow
passage 22B formed therein. The flow passage 22B is a cir-
cular through hole. When the second plate-shaped member 22
is stacked, the flow passage 22B functions as the second outlet
flow passage 12d. Note that, a plurality of flow passages 22B,
in other words, a plurality of second outlet flow passages 12d
may be formed.

[0166] The plurality of third plate-shaped members 23_1to
23_3 respectively have a plurality of flow passages 23D_1 to
23D_3 formed therein. The plurality of flow passages 23D_1
to 23D_3 are each a rectangular through hole passing through
substantially the entire region in the height direction of the
third plate-shaped member 23. When the plurality of third
plate-shaped members 23_1 to 23_3 are stacked, each of the
flow passages 23D_1 to 23D_3 functions as the mixing flow
passage 12¢. The plurality of flow passages 23D_1 to 23D_3
may not have a rectangular shape. In the following, in some
cases, the plurality of flow passages 23D_1 to 23D_3 may be
collectively referred to as the flow passage 23D.

[0167] In particular, it is preferred to stack the both-side
clad member 24 having a brazing material rolled on both
surfaces thereof between the respective plate-shaped mem-
bers to supply the brazing material. The flow passage 24B
formed in the both-side clad member 24 5 stacked between
the retaining member 5 and the first plate-shaped member 21
is a through hole having an inner peripheral surface shaped
conforming to the outer peripheral surface of the first heat
transfer tube 4. The flow passage 24B formed in the both-side
clad member 24_4 stacked between the first plate-shaped
member 21 and the third plate-shaped member 23_3 is a
circular through hole. The flow passage 24B formed in other
both-side clad members 24 stacked between the third plate-
shaped member 23 and the second plate-shaped member 22 is
a rectangular through hole passing through substantially the
entire region in the height direction of the both-side clad
member 24. When the both-side clad member 24 is stacked,
the flow passage 24B functions as the refrigerant partitioning
flow passage for the second inlet flow passage 11B and the
joining flow passage 12B.
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[0168] Note that, the flow passage 22B functioning as the
second outlet flow passage 124 may be formed in a different
plate-shaped member other than the second plate-shaped
member 22 of the second plate-shaped unit 12, the both-side
clad member 24, or other members. In such a case, a notch
may be formed, which communicates between a part of the
flow passage 23D or the flow passage 24B and, for example,
a side surface of the different plate-shaped member or the
both-side clad member 24. The mixing flow passage 12¢ may
be turned back so that the flow passage 22B functioning as the
second outlet flow passage 12d is formed in the first plate-
shaped member 21. In other words, the present invention
encompasses a configuration in which the second outlet flow
passage 12d is formed in the first plate-shaped unit 11, and the
“joining flow passage” of the present invention encompasses
joining flow passages other than the joining flow passage 12B
in which the second outlet flow passage 12d is formed in the
second plate-shaped unit 12.

<Flow of Refrigerant in Laminated Header>

[0169] Now, the flow of the refrigerant in the stacking-type
header of the heat exchanger according to Embodiment 2 is
described.

[0170] Asillustrated in FIG. 29 and FIG. 30, the refrigerant
flowing out from the flow passage 21A of the first plate-
shaped member 21 to pass through the first heat transfer tube
4 flows into the flow passage 21B of the first plate-shaped
member 21. The refrigerant flowing into the flow passage 21B
of the first plate-shaped member 21 flows into the flow pas-
sage 23D formed in the third plate-shaped member 23 to be
mixed. The mixed refrigerant passes through the flow passage
22B of' the second plate-shaped member 22 to flow out there-
from toward the refrigerant pipe.

<Usage Mode of Heat Exchanger>

[0171] Now, an example of a usage mode of the heat
exchanger according to Embodiment 2 is described.

[0172] FIG. 31 is a diagram illustrating a configuration of
an air-conditioning apparatus to which the heat exchanger
according to Embodiment 2 is applied.

[0173] As illustrated in FIG. 31, the heat exchanger 1 is
used for at least one of the heat source-side heat exchanger 54
or the load-side heat exchanger 56. When the heat exchanger
1 acts as the evaporator, the heat exchanger 1 is connected so
that the refrigerant passes through the distribution flow pas-
sage 12A of the stacking-type header 2 to flow into the first
heat transfer tube 4, and the refrigerant passes through the
first heat transfer tube 4 to flow into the joining flow passage
12B of the stacking-type header 2. In other words, when the
heat exchanger 1 acts as the evaporator, the refrigerant in a
two-phase gas-liquid state passes through the refrigerant pipe
to flow into the distribution flow passage 12A of the stacking-
type header 2, and the refrigerant in a gas state passes through
the first heat transfer tube 4 to flow into the joining flow
passage 12B of'the stacking-type header 2. Further, when the
heat exchanger 1 acts as the condensor, the refrigerant in a gas
state passes through the refrigerant pipe to flow into the
joining flow passage 12B of the stacking-type header 2, and
the refrigerant in a liquid state passes through the first heat
transfer tube 4 to flow into the distribution flow passage 12A
of the stacking-type header 2.
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<Action of Heat Exchanger>

[0174] Now, the action of the heat exchanger according to
Embodiment 2 is described.

[0175] In the stacking-type header 2, the first plate-shaped
unit 11 has the plurality of second inlet flow passages 11B
formed therein, and the second plate-shaped unit 12 has the
joining flow passage 12B formed therein. Therefore, the
header 3 is unnecessary, and thus the component cost and the
like of the heat exchanger 1 are reduced. Further, the header 3
is unnecessary, and accordingly, it is possible to extend the
first heat transfer tube 4 to increase the number of the fins 6
and the like, in other words, increase the mounting volume of
the heat exchanging unit of the heat exchanger 1.

Embodiment 3

[0176] A heat exchanger according to Embodiment 3 is
described.
[0177] Note that, overlapping description or similar

description to that of each of Embodiment 1 and Embodiment
2 is appropriately simplified or omitted.

<Configuration of Heat Exchanger>

[0178] Now, the configuration of the heat exchanger
according to Embodiment 3 is described.

[0179] FIG. 32is a view illustrating the configuration of the
heat exchanger according to Embodiment 3.

[0180] As illustrated in FIG. 32, the heat exchanger 1
includes the stacking-type header 2, the plurality of first heat
transfer tubes 4, a plurality of second heat transfer tubes 7, the
retaining member 5, and the plurality of fins 6.

[0181] The stacking-type header 2 includes a plurality of
refrigerant turn-back ports 2E. Similarly to the first heat trans-
fer tube 4, the second heat transfer tube 7 is a flat tube
subjected to hair-pin bending. The plurality of first heat trans-
fer tubes 4 are connected between the plurality of refrigerant
outflow ports 2B and the plurality of refrigerant turn-back
ports 2E of the stacking-type header 2, and the plurality of
second heat transfer tubes 7 are connected between the plu-
rality of refrigerant turn-back ports 2E and the plurality of
refrigerant inflow ports 2C of the stacking-type header 2.

<Flow of Refrigerant in Heat Exchanger>

[0182] Now, the flow of the refrigerant in the heat
exchanger according to Embodiment 3 is described.

[0183] The refrigerant flowing through the refrigerant pipe
passes through the refrigerant inflow port 2A to flow into the
stacking-type header 2 to be distributed, and then passes
through the plurality of refrigerant outflow ports 2B to flow
out toward the plurality of first heat transfer tubes 4. In the
plurality of first heat transfer tubes 4, the refrigerant
exchanges heat with air supplied by a fan, for example. The
refrigerant passing through the plurality of first heat transfer
tubes 4 flows into the plurality of refrigerant turn-back ports
2E of'the stacking-type header 2 to be turned back, and flows
out therefrom toward the plurality of second heat transfer
tubes 7. In the plurality of second heat transfer tubes 7, the
refrigerant exchanges heat with air supplied by a fan, for
example. The flows of the refrigerant passing through the
plurality of second heat transfer tubes 7 pass through the
plurality of refrigerant inflow ports 2C to flow into the stack-
ing-type header 2 to be joined, and the joined refrigerant
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passes through the refrigerant outflow port 2D to flow out
therefrom toward the refrigerant pipe. The refrigerant can
reversely flow.

<Configuration of Laminated Header>

[0184] Now, the configuration of the stacking-type header
of the heat exchanger according to Embodiment 3 is
described.

[0185] FIG. 33 is a perspective view of the heat exchanger
according to Embodiment 3 under a state in which the stack-
ing-type header is disassembled. FIG. 34 is a developed view
of'the stacking-type header of the heat exchanger according to
Embodiment 3. Note that, in FIG. 34, the illustration of the
both-side clad member 24 is omitted.

[0186] As illustrated in FIG. 33 and FIG. 34, the stacking-
type header 2 includes the first plate-shaped unit 11 and the
second plate-shaped unit 12. The first plate-shaped unit 11
and the second plate-shaped unit 12 are stacked on each other.
[0187] The first plate-shaped unit 11 has the plurality of
first outlet flow passages 11A, the plurality of second inlet
flow passages 11B, and a plurality of turn-back flow passages
11C formed therein. The plurality of turn-back flow passages
11C correspond to the plurality of refrigerant turn-back ports
2E in FIG. 32.

[0188] The first plate-shaped member 21 has a plurality of
flow passages 21C formed therein. The plurality of flow pas-
sages 21C are each a through hole having an inner peripheral
surface shaped to surround the outer peripheral surface of the
end portion of the first heat transfer tube 4 on the refrigerant
outflow side and the outer peripheral surface of the end por-
tion of the second heat transfer tube 7 on the refrigerant inflow
side. When the first plate-shaped member 21 is stacked, the
plurality of flow passages 21C function as the plurality of
turn-back flow passages 11C.

[0189] In particular, it is preferred to stack the both-side
clad member 24 having a brazing material rolled on both
surfaces thereof between the respective plate-shaped mem-
bers to supply the brazing material. The flow passage 24C
formed in the both-side clad member 24 5 stacked between
the retaining member 5 and the first plate-shaped member 21
is a through hole having an inner peripheral surface shaped to
surround the outer peripheral surface of the end portion of the
first heat transfer tube 4 on the refrigerant outflow side and the
outer peripheral surface of the end portion of the second heat
transfer tube 7 on the refrigerant inflow side. When the both-
side clad member 24 is stacked, the flow passage 24C func-
tions as the refrigerant partitioning flow passage for the turn-
back flow passage 11C.

<Flow of Refrigerant in Laminated Header>

[0190] Now, the flow of the refrigerant in the stacking-type
header of the heat exchanger according to Embodiment 3 is
described.

[0191] Asillustrated in FIG. 33 and FIG. 34, the refrigerant
flowing out from the flow passage 21A of the first plate-
shaped member 21 to pass through the first heat transfer tube
4 flows into the flow passage 21C of the first plate-shaped
member 21 to be turned back and flow into the second heat
transfer tube 7. The refrigerant passing through the second
heat transfer tube 7 flows into the flow passage 21B of the first
plate-shaped member 21. The refrigerant flowing into the
flow passage 21B of the first plate-shaped member 21 flows
into the flow passage 23D formed in the third plate-shaped
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member 23 to be mixed. The mixed refrigerant passes through
the flow passage 22B of the second plate-shaped member 22
to flow out therefrom toward the refrigerant pipe.

<Usage Mode of Heat Exchanger>

[0192] Now, an example of a usage mode of the heat
exchanger according to Embodiment 3 is described.

[0193] FIG. 35 is a diagram illustrating a configuration of
an air-conditioning apparatus to which the heat exchanger
according to Embodiment 3 is applied.

[0194] As illustrated in FIG. 35, the heat exchanger 1 is
used for at least one of the heat source-side heat exchanger 54
or the load-side heat exchanger 56. When the heat exchanger
1 acts as the evaporator, the heat exchanger 1 is connected so
that the refrigerant passes through the distribution flow pas-
sage 12A of the stacking-type header 2 to flow into the first
heat transfer tube 4, and the refrigerant passes through the
second heat transfer tube 7 to flow into the joining flow
passage 12B of the stacking-type header 2. In other words,
when the heat exchanger 1 acts as the evaporator, the refrig-
erant in atwo-phase gas-liquid state passes through the refrig-
erant pipe to flow into the distribution flow passage 12A ofthe
stacking-type header 2, and the refrigerant in a gas state
passes through the second heat transfer tube 7 to flow into the
joining flow passage 12B of the stacking-type header 2. Fur-
ther, when the heat exchanger 1 acts as the condensor, the
refrigerant in a gas state passes through the refrigerant pipe to
flow into the joining flow passage 12B of the stacking-type
header 2, and the refrigerant in a liquid state passes through
the first heat transfer tube 4 to flow into the distribution flow
passage 12A of the stacking-type header 2.

[0195] Further, when the heat exchanger 1 acts as the con-
densor, the heat exchanger 1 is arranged so that the first heat
transfer tube 4 is positioned on the upstream side (windward
side) of the air stream generated by the heat source-side fan 57
or the load-side fan 58 with respect to the second heat transfer
tube 7. In other words, there is obtained a relationship that the
flow of the refrigerant from the second heat transfer tube 7 to
the first heat transtfer tube 4 and the air stream are opposed to
each other. The refrigerant of the first heat transfer tube 4 is
lower in temperature than the refrigerant of the second heat
transfer tube 7. The air stream generated by the heat source-
side fan 57 or the load-side fan 58 is lower in temperature on
the upstream side of the heat exchanger 1 than on the down-
stream side of the heat exchanger 1. As a result, in particular,
the refrigerant can be subcooled (so-called subcooling) by the
low-temperature air stream flowing on the upstream side of
the heat exchanger 1, which improves the condensor perfor-
mance. Note that, the heat source-side fan 57 and the load-
side fan 58 may be arranged on the windward side or the
leeward side.

<Action of Heat Exchanger>

[0196] Now, the action of the heat exchanger according to
Embodiment 3 is described.

[0197] Intheheat exchanger 1, the first plate-shaped unit 11
has the plurality of turn-back flow passages 11C formed
therein, and in addition to the plurality of first heat transfer
tubes 4, the plurality of second heat transfer tubes 7 are
connected. For example, it is possible to increase the area in
a state of the front view ofthe heat exchanger 1 to increase the
heat exchange amount, but in this case, the housing that
incorporates the heat exchanger 1 is upsized. Further, it is
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possible to decrease the interval between the fins 6 to increase
the number of the fins 6, to thereby increase the heat exchange
amount. In this case, however, from the viewpoint of drainage
performance, frost formation performance, and anti-dust per-
formance, it is difficult to decrease the interval between the
fins 6 to less than about 1 mm, and thus the increase in heat
exchange amount may be insufficient. On the other hand,
when the number of rows of the heat transfer tubes is
increased as in the heat exchanger 1, the heat exchange
amount can be increased without changing the area in the
state of the front view of the heat exchanger 1, the interval
between the fins 6, or other matters. When the number of rows
of the heat transfer tubes is two, the heat exchange amount is
increased about 1.5 times or more. Note that, the number of
rows of the heat transfer tubes may be three or more. Still
further, the area in the state of the front view of the heat
exchanger 1, the interval between the fins 6, or other matters
may be changed.

[0198] Further, the header (stacking-type header 2) is
arranged only on one side of the heat exchanger 1. For
example, when the heat exchanger 1 is arranged in a bent state
along a plurality of side surfaces of the housing incorporating
the heat exchanger 1 in order to increase the mounting volume
of the heat exchanging unit, the end portion may be mis-
aligned in each row of the heat transfer tubes because the
curvature radius of the bent part differs depending on each
row of the heat transfer tubes. When, as in the stacking-type
header 2, the header (stacking-type header 2) is arranged only
onone side of the heat exchanger 1, even when the end portion
is misaligned in each row of the heat transfer tubes, only the
end portions on one side are required to be aligned, which
improves the degree of freedom in design, the production
efficiency, and other matters as compared to the case where
the headers (stacking-type header 2 and header 3) are
arranged on both sides of the heat exchanger 1 as in the heat
exchanger according to Embodiment 1. In particular, the heat
exchanger 1 can be bent after the respective members of the
heat exchanger 1 are joined to each other, which further
improves the production efficiency.

[0199] Further, when the heat exchanger 1 acts as the con-
densor, the first heat transfer tube 4 is positioned on the
windward side with respect to the second heat transfer tube 7.
When the headers (stacking-type header 2 and header 3) are
arranged on both sides of the heat exchanger 1 as in the heat
exchanger according to Embodiment 1, it is difficult to pro-
vide a temperature difference in the refrigerant for each row
of the heat transfer tubes to improve the condensor perfor-
mance. In particular, when the first heat transfer tube 4 and the
second heat transfer tube 7 are flat tubes, unlike a circular
tube, the degree of freedom in bending is low, and hence it is
difficult to realize providing the temperature difference in the
refrigerant for each row of the heat transfer tubes by deform-
ing the flow passage of the refrigerant. On the other hand,
when the first heat transfer tube 4 and the second heat transfer
tube 7 are connected to the stacking-type header 2 as in the
heat exchanger 1, the temperature difference in the refrigerant
is inevitably generated for each row of the heat transfer tubes,
and obtaining the relationship that the refrigerant flow and the
air stream are opposed to each other can be easily realized
without deforming the flow passage of the refrigerant.

[0200] The present invention has been described above
with reference to Embodiment 1 to Embodiment 3, but the
present invention is not limited to those embodiments. For
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example, a part or all of the respective embodiments, the
respective modified examples, and the like may be combined.

REFERENCE SIGNS LIST

[0201] 1 heat exchanger 2 stacking-type header 2A
refrigerant inflow port
[0202] 2B refrigerant outflow port 2C refrigerant inflow
port 2D refrigerant outflow port 2E refrigerant turn-back
port 3 header 3A refrigerant inflow port
[0203] 3B refrigerant outflow port 4 first heat transfer
tube 5 retaining member
[0204] 6 fin 7 second heat transfer tube 11 first plate-
shaped unit 11A first outlet flow passage 11B second
inlet flow passage 11C turn-back flow passage 12 second
plate-shaped unit 12A distribution flow passage 12B
joining flow passage 12q first inlet flow passage 126
branching flow passage 12¢ mixing flow passage 12d
second outlet flow passage 21 first plate-shaped member
21A-21C flow passage 22 second plate-shaped member
22A, 22B flow passage 23, 23_1-23_3 third plate-
shaped member
[0205] 23A-23D, 23A_1-23A_3, 23D_1-23D_3 flow
passage 23a, 235 end portion of through groove 23¢
straight-line part 23d, 23e end portion of straight-line
part 23f opening port 23g first flow passage 23/ second
flow passage
[0206] 23i, 23/ connecting part 23k, 23/ straight-line part
23m center of opening port 23z projecting portion 230,
23p end portion of bottomed groove
[0207] 23q through hole 24, 24_1-24_5 both-side clad
member 24A-24C flow passage 25 plate-shaped mem-
ber 25A, 25B flow passage 26 convex portion 27 con-
cave portion 51 air-conditioning apparatus 52 compres-
sor 53 four-way valve 54 heat source-side heat
exchanger 55 expansion device 56 load-side heat
exchanger 57 heat source-side fan 58 load-side fan 59
controller
1. A stacking-type header, comprising:
a first plate-shaped unit having a plurality of first outlet
flow passages formed therein; and
a second plate-shaped unit being stacked on the first plate-
shaped unit and having a first inlet flow passage formed
therein and a distribution flow passage formed therein,
the distribution flow passage being configured to distrib-
ute refrigerant, which passes through the first inlet flow
passage to flow into the second plate-shaped unit, to the
plurality of first outlet flow passages to cause the refrig-
erant to flow out from the second plate-shaped unit,
wherein the distribution flow passage comprises a branch-
ing flow passage comprising:
an opening port configured to allow the refrigerant to
flow thereinto;
afirst flow passage communicating between the opening
port and an end portion positioned on an upper side
relative to the opening port when a gravity direction is
a direction to a lower side; and
a second flow passage communicating between the
opening port and an end portion positioned on the
lower side relative to the opening port when the grav-
ity direction is the direction to the lower side, and
wherein a flow-passage resistance in the second flow pas-
sage is larger than a flow-passage resistance in the first
flow passage.
2. (canceled)
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3. A stacking-type header, comprising:
a first plate-shaped unit having a plurality of first outlet
flow passages formed therein; and
a second plate-shaped unit being stacked on the first plate-
shaped unit and having a first inlet flow passage formed
therein and a distribution flow passage formed therein,
the distribution flow passage being configured to distrib-
ute refrigerant, which passes through the first inlet flow
passage to flow into the second plate-shaped unit, to the
plurality of first outlet flow passages to cause the refrig-
erant to flow out from the second plate-shaped unit,
wherein the distribution flow passage comprises a branch-
ing flow passage comprising:
an opening port configured to allow the refrigerant to
flow thereinto;
afirst flow passage communicating between the opening
port and an end portion positioned on an upper side
relative to the opening port when a gravity direction is
a direction to a lower side; and
a second flow passage communicating between the
opening port and an end portion positioned on the
lower side relative to the opening port when the grav-
ity direction is the direction to the lower side, and
wherein the second flow passage has a projecting portion
projecting inward from the second flow passage.
4. A stacking-type header, comprising:
a first plate-shaped unit having a plurality of first outlet
flow passages formed therein; and
a second plate-shaped unit being stacked on the first plate-
shaped unit and having a first inlet flow passage formed
therein,
wherein the second plate-shaped unit has a distribution
flow passage formed therein, the distribution flow pas-
sage being configured to distribute refrigerant, which
passes through the first inlet flow passage to flow into the
second plate-shaped unit, to the plurality of first outlet
flow passages to cause the refrigerant to flow out from
the second plate-shaped unit,
wherein the distribution flow passage comprises a branch-
ing flow passage comprising:
an opening port configured to allow the refrigerant to
flow thereinto;
afirst flow passage communicating between the opening
port and an end portion positioned on an upper side
relative to the opening port when a gravity direction is
a direction to a lower side; and
a second flow passage communicating between the
opening port and an end portion positioned on the
lower side relative to the opening port when the grav-
ity direction is the direction to the lower side, and
wherein a surface of the second flow passage is rougher
than a surface of the first flow passage.
5. A stacking-type header, comprising:
a first plate-shaped unit having a plurality of first outlet
flow passages formed therein; and
a second plate-shaped unit being stacked on the first plate-
shaped unit, having a first inlet flow passage formed
therein and a distribution flow passage formed therein,
the distribution flow passage being configured to distrib-
ute refrigerant, which passes through the first inlet flow
passage to flow into the second plate-shaped unit, to the
plurality of first outlet flow passages to cause the refrig-
erant to flow out from the second plate-shaped unit,
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wherein the distribution flow passage comprises a branch-
ing flow passage comprising:
an opening port configured to allow the refrigerant to
flow thereinto;
afirst flow passage communicating between the opening
port and an end portion positioned on an upper side
relative to the opening port when a gravity direction is
a direction to a lower side; and
a second flow passage communicating between the
opening port and an end portion positioned on the
lower side relative to the opening port when the grav-
ity direction is the direction to the lower side, and
wherein a width of the second flow passage is smaller than
a width of the first flow passage.
6. A stacking-type header, comprising:
a first plate-shaped unit having a plurality of first outlet
flow passages formed therein; and
a second plate-shaped unit being stacked on the first plate-
shaped unit and having a first inlet flow passage formed
therein and a distribution flow passage formed therein,
the distribution flow passage being configured to distrib-
ute refrigerant, which passes through the first inlet flow
passage to flow into the second plate-shaped unit, to the
plurality of first outlet flow passages to cause the refrig-
erant to flow out from the second plate-shaped unit,
wherein the distribution flow passage comprises a branch-
ing flow passage comprising:
an opening port configured to allow the refrigerant to
flow thereinto;
afirst flow passage communicating between the opening
port and an end portion positioned on an upper side
relative to the opening port when a gravity direction is
a direction to a lower side; and
a second flow passage communicating between the
opening port and an end portion positioned on the
lower side relative to the opening port when the grav-
ity direction is the direction to the lower side, and
wherein a depth of the second flow passage is smaller than
a depth of the first flow passage.
7. A stacking-type header, comprising:
a first plate-shaped unit having a plurality of first outlet
flow passages formed therein; and
a second plate-shaped unit being stacked on the first plate-
shaped unit and having a first inlet flow passage formed
therein and a distribution flow passage formed therein,
the distribution flow passage being configured to distrib-
ute refrigerant, which passes through the first inlet flow
passage to flow into the second plate-shaped unit, to the
plurality of first outlet flow passages to cause the refrig-
erant to flow out from the second plate-shaped unit,
wherein the distribution flow passage comprises a branch-
ing flow passage comprising:
an opening port configured to allow the refrigerant to
flow thereinto;
afirst flow passage communicating between the opening
port and an end portion positioned on an upper side
relative to the opening port when a gravity direction is
a direction to a lower side; and
a second flow passage communicating between the
opening port and an end portion positioned on the
lower side relative to the opening port when the grav-
ity direction is the direction to the lower side, and
wherein a length of the second flow passage is larger than
a length of the first flow passage.
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8. A stacking-type header, comprising:
a first plate-shaped unit having a plurality of first outlet
flow passages formed therein; and
a second plate-shaped unit being stacked on the first plate-
shaped unit and having a first inlet flow passage formed
therein and a distribution flow passage formed therein,
the distribution flow passage being configured to distrib-
ute refrigerant, which passes through the first inlet flow
passage to flow into the second plate-shaped unit, to the
plurality of first outlet flow passages to cause the refrig-
erant to flow out from the second plate-shaped unit,
wherein the distribution flow passage comprises a branch-
ing flow passage comprising:
an opening port configured to allow the refrigerant to
flow thereinto;
afirst flow passage communicating between the opening
port and an end portion positioned on an upper side
relative to the opening port when a gravity direction is
a direction to a lower side; and
a second flow passage communicating between the
opening port and an end portion positioned on the
lower side relative to the opening port when the grav-
ity direction is the direction to the lower side,
wherein the first flow passage communicates with the
opening port from a lower side of the opening port, and
wherein the second flow passage communicates with the
opening port from an upper side of the opening port.
9. A stacking-type header, comprising:
a first plate-shaped unit having a plurality of first outlet
flow passages formed therein; and
a second plate-shaped unit being stacked on the first plate-
shaped unit and having a first inlet flow passage formed
therein,
wherein the second plate-shaped unit has a distribution
flow passage formed therein, the distribution flow pas-
sage being configured to distribute refrigerant, which
passes through the first inlet flow passage to flow into the
second plate-shaped unit, to the plurality of first outlet
flow passages to cause the refrigerant to flow out from
the second plate-shaped unit,
wherein the distribution flow passage comprises a branch-
ing flow passage comprising:
an opening port configured to allow the refrigerant to
flow thereinto;
afirst flow passage communicating between the opening
port and an end portion positioned on an upper side
relative to the opening port when a gravity direction is
a direction to a lower side; and
a second flow passage communicating between the
opening port and an end portion positioned on the
lower side relative to the opening port when the grav-
ity direction is the direction to the lower side, and
wherein a bending angle of the second flow passage is
larger than a bending angle of the first flow passage.
10. The stacking-type header of claim 1,
wherein the second plate-shaped unit comprises at least
one plate-shaped member having a flow passage formed
therein, the flow passage passing through the at least one
plate-shaped member in a stacking direction of the
stacking-type header,
wherein the branching flow passage is formed by closing a
region of the flow passage passing through the at least
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one plate-shaped member other than a refrigerant inflow
region and a refrigerant outflow region by a member
stacked adjacent to the at least one plate-shaped mem-
ber,

wherein the at least one plate-shaped member has a convex

portion, which is specific to the at least one plate-shaped
member, and

wherein the convex portion is fit into a flow passage formed

in the member stacked adjacent to the at least one plate-
shaped member.

11-13. (canceled)

14. The stacking-type header of claim 1, wherein the
branching flow passage comprises a branching flow passage
configured to cause the refrigerant to flow out from the
branching flow passage to a side on which the first plate-
shaped unit is present, and a branching flow passage config-
ured to cause the refrigerant to flow out from the branching
flow passage to a side opposite to the side on which the first
plate-shaped unit is present.

15-18. (canceled)

19. A heat exchanger, comprising:

the stacking-type header of claim 1; and

a plurality of first heat transfer tubes connected to the

plurality of first outlet flow passages, respectively.

20-23. (canceled)

24. An air-conditioning apparatus, comprising the heat
exchanger of claim 19,

wherein the distribution flow passage is configured to

cause the refrigerant to flow out from the distribution
flow passage toward the plurality of first outlet flow
passages when the heat exchanger acts as an evaporator.
25. An air-conditioning apparatus, comprising a heat
exchanger comprising:
the stacking-type header of claim 1; and
a plurality of first heat transfer tubes connected to the
plurality of first outlet flow passages, respectively,

wherein the first plate-shaped unit of the stacking-type
header has a plurality of second inlet flow passages
formed therein, into which the refrigerant passing
through the plurality of first heat transfer tubes flows,

wherein the second plate-shaped unit of the stacking-type
header has a joining flow passage formed therein, the
joining flow passage being configured to join together
flows of the refrigerant, which passes through the plu-
rality of second inlet flow passages to flow into the
second plate-shaped unit, to cause the refrigerant to flow
into a second outlet flow passage,

wherein the heat exchanger comprises a plurality of' second

heat transfer tubes connected to the plurality of second
inlet flow passages, respectively,

wherein the distribution flow passage is configured to

cause the refrigerant to flow out from the distribution
flow passage toward the plurality of first outlet flow
passages when the heat exchanger acts as an evaporator,
and

wherein the plurality of first heat transfer tubes are posi-

tioned on a windward side with respect to the plurality of
second heat transfer tubes when the heat exchanger acts
as a condensor.



