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Description
Technical Field

[0001] The present invention relates to a laminated
header that distributes and supplies refrigerant, a heat
exchanger provided with this laminated header, and a
refrigeration cycle apparatus provided with this heat ex-
changer.

Background Art

[0002] Forreducing a pressure loss of refrigerant flow-
ing in a heat transfer tube, a typical heat exchanger in-
cludes flow passages formed by arranging a plurality of
heat transfer tubes in parallel. A header that distributes
and supplies the refrigerant to each heat transfer tube is
disposed at a refrigerant inlet of each heat transfer tube.
As the header, alaminated header has been known. This
laminated header is formed by laminating a plurality of
plates in which a distribution flow passage is formed, the
distribution flow passage branching into a plurality of out-
let flow passages for one inlet flow passage, to distribute
and supply refrigerant to each heat transfer tube of a heat
exchanger (e.g., see Patent Literature 1).

Citation List
Patent Literature

[0003] Patent Literature 1: WO 2016/071946

Summary of Invention
Technical Problem

[0004] In the laminated header, a distribution ratio of
the refrigerant for each heat transfer tube of the heat
exchanger is desirably kept uniform to uniformly supply
the refrigerant to each heat transfer. Especially when the
heat exchanger is to act as an evaporator, for ensuring
the performance of the heat exchanger that acts as the
evaporator, it is important to keep uniform a ratio of a
flow rate of liquid refrigerant that flows out of each of the
plurality of outlet flow passages, that is, the distribution
ratio of the refrigerant.

[0005] In the laminated header of Patent Literature 1,
the liquid refrigerant may come into an uneven state in
the distribution flow passage as the refrigerant repeatedly
branches in the branching flow passage, and the liquid
refrigerant may nonuniformly flows out of each of the plu-
rality of refrigerant outlets. Then, the refrigerant is non-
uniformly supplied to each heat transfer tube of the heat
exchanger, leading to deterioration in heat exchange per-
formance.

[0006] The present invention has been made in view
of the problem as described above, and it is an object of
the present invention to provide a laminated header, a
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heat exchanger, and a refrigeration cycle apparatus, the
laminated header being configured to uniformly distribute
refrigerantto each heattransfer tube of the heat exchang-
er.

Solution to Problem

[0007] A laminated header according to an embodi-
ment of the present invention includes one first opening,
a plurality of second openings, and a distribution flow
passage communicating between the first opening and
each of the plurality of second openings, the laminated
header including a plurality of plates that are laminated,
the distribution flow passage includes afirst flow passage
communicating with the first opening and having a linear
shape extending in a direction in which the plurality of
plates are laminated, a first branching flow passage com-
municating with the first flow passage and branching the
first flow passage into a plurality of flow passages, a plu-
rality of second flow passages communicating with the
first branching flow passage and each having a linear
shape extending in the direction in which the plurality of
plates are laminated, a first return flow passage commu-
nicating with each of the plurality of second flow passages
and extending in a longitudinal direction of a same plate
of the plurality of plates, a plurality of third flow passages
each communicating with a corresponding one of the first
return flow passages and each having a linear shape
extending in the direction in which the plurality of plates
are laminated, a second branching flow passage com-
municating with each of the plurality of third flow passag-
es and branching each of the plurality of third flow pas-
sages into a plurality of flow passages, a plurality of fourth
flow passages communicating with the second branching
flow passage and each having a linear shape extending
in the direction in which the plurality of plates are lami-
nated, a second return flow passage communicating with
each of the plurality of fourth flow passages and extend-
ing in a longitudinal direction of a same plate of the plu-
rality of plates, a plurality of fifth flow passages each com-
municating with a corresponding one of the second return
flow passages and each having a linear shape extending
in the direction in which the plurality of plates are lami-
nated, a third branching flow passage communicating
with each of the plurality of fifth flow passages and
branching each of the plurality of fifth flow passages into
a plurality of flow passages, and a plurality of sixth flow
passages communicating with the third branching flow
passage and each having a linear shape extending in
the direction in which the plurality of plates are laminated,
and the plurality of second flow passages and the plurality
of fourth flow passages are configured in such a manner
that refrigerant flowing through each of the plurality of
second flow passages and the plurality of fourth flow pas-
sages flows in a direction opposite to a flow direction of
the refrigerant flowing through each of the first flow pas-
sage, the plurality of third flow passages, the plurality of
fifth flow passages, and the plurality of sixth flow passag-
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es.
Advantageous Effects of Invention

[0008] In the laminated header according to an em-
bodiment of the present invention, each of the first flow
passage, the second flow passages, the third flow pas-
sages, the fourth flow passages, the fifth flow passages,
and the sixth flow passages that are linear portions is
formed to have a certain length, so that it is possible to
prevent the uneven state of the refrigerant and make a
distribution ratio uniform.

Brief Description of Drawings
[0009]

Fig. 1 is a front view schematically illustrating a con-
figuration of a heat exchanger according to Embod-
iment 1 of the present invention.

Fig. 2is an explanatory view for describing first plates
constituting the laminated header according to Em-
bodiment 1 of the present invention.

Fig. 3 is an explanatory view for describing second
plates constituting the laminated header according
to Embodiment 1 of the present invention.

Fig. 4 is an exploded perspective view for schemat-
ically illustrating a state in which the laminated head-
er according to Embodiment 1 of the present inven-
tion has been disassembled.

Fig. 5 is a longitudinal sectional view for describing
a flow of refrigerant in the laminated header accord-
ing to Embodiment 1 of the present invention.

Fig. 6 is a circuit configuration diagram schematically
illustrating an example of a refrigerant circuit config-
uration of an air-conditioning apparatus that is an
example of a refrigeration cycle apparatus according
to Embodiment 2 of the present invention.

Description of Embodiments

[0010] Hereinafter, a laminated header, a heat ex-
changer, and a refrigeration cycle apparatus according
to the present invention will be described with reference
to the drawings.

[0011] Note that configurations, operations, and other
features described below are merely examples, and the
laminated header, the heat exchanger, and the refriger-
ation cycle apparatus according to the present invention
are not limited to those having such configurations, op-
erations, and other features. In the drawings, the same
or similar components are provided with the same refer-
ence sign, or provision of the reference sign is omitted.
lllustration of a detailed structure is simplified or omitted
as appropriate. Overlapping description or similar de-
scription is simplified or omitted as appropriate.

[0012] In the following, a case will be described where
the laminated header according to the present invention
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distributes refrigerant flowing into a heat exchanger, but
the laminated header is not limited to such a case and
may be a laminated header that distributes refrigerant
flowinginto other device. Further, a case will be described
where the heat exchanger according to the present in-
vention is applied to an air-conditioning apparatus, which
is an example of the refrigeration cycle apparatus, but
the heat exchanger is not limited to such a case and may
be applied to another refrigeration cycle apparatus hav-
ing a refrigerant cycle circuit, for example. Moreover, a
case will be described where the refrigeration cycle ap-
paratus switches between a heating operation (heating-
up operation) and a cooling operation (cooling-down op-
eration), but the refrigeration cycle apparatus is not lim-
ited to such a case and may be a refrigeration cycle ap-
paratus that performs only the heating operation or the
cooling operation.

Embodiment 1

[0013] A laminated header 2 and a heat exchanger 1
according to Embodiment 1 of the present invention will
be described.

<Configuration of heat exchanger 1>

[0014] Hereinafter, a schematic configuration of the
heat exchanger 1 according to Embodiment 1 will be de-
scribed.

[0015] Fig. 1is a front view schematically illustrating a
configuration of the heat exchanger 1 according to Em-
bodiment 1. In Fig. 1, a flow direction of refrigerant is
indicated by an arrow.

[0016] As illustrated in Fig. 1, the heat exchanger 1
includes the laminated header 2, a cylindrical header 3,
a plurality of heat transfer tubes 4, a retainer 5, and a
plurality of fins 6.

[0017] Instead of the cylindrical header 3, a header of
the same type as the laminated header 2 may be used.
[0018] The laminated header 2 includes one refriger-
ant inflow port 2A and a plurality of refrigerant outflow
ports 2B. Inside the laminated header 2, at least one dis-
tribution flow passage communicating between the one
refrigerant inflow port 2A and the plurality of refrigerant
outflow ports 2B is formed. A refrigerant pipe 20A of a
refrigeration cycle apparatus is connected to the refrig-
erantinflow port 2A. One end portion 4A of a heat transfer
tube 4 is connected to each refrigerant outflow port 2B.
[0019] Note that the refrigerant inflow port 2A corre-
sponds to the "first opening" of the present invention. The
refrigerant outflow port 2B corresponds to the "second
opening" of the present invention.

[0020] The cylindrical header 3 includes a plurality of
refrigerant inflow ports 3A and one refrigerant outflow
port 3B. Inside the cylindrical header 3, a merging flow
passage communicating between the plurality of refrig-
erant inflow ports 3A and the one refrigerant outflow port
3B isformed. The otherend portion 4B of the heat transfer



5 EP 3 499 169 A1 6

tube 4 is connected to each refrigerant inflow port 3A. A
refrigerant pipe 20B of the refrigeration cycle apparatus
is connected to the refrigerant outflow port 3B.

[0021] The one end portion 4A of the heat transfer
tubes 4 is connected to each refrigerant outflow port 2B
of the laminated header 2, and the other end portion 4B
ofthe heattransfer tube 4 is connected to each refrigerant
inflow port 3A of the cylindrical header 3. That is, the
plurality of heat transfer tubes 4 are connected between
the laminated header 2 and the cylindrical header 3 to
connect between the laminated header 2 and the cylin-
drical header 3. The one end portion 4A, which is the end
portion of the heat transfer tube 4 close to the laminated
header 2 is connected to the refrigerant outflow port 2B
of the laminated header 2 in such a manner that the heat
transfer tube 4 is retained by the retainer 5. The heat
transfer tube 4 is a flat tube having a plurality of flow
passages formed in the heat transfer tube 4, or a circular
tube. The heat transfer tube 4 is made of copper or alu-
minum, for example. The plurality of fins 6 are joined to
the circumference of the heat transfer tube 4.

[0022] Although Fig. 1 illustrates a case where eight
heat transfer tubes 4 are provided, the number of heat
transfer tubes 4 is not limited to the illustrated number
and is only required to be two or more.

[0023] The retainer 5 is made up of a plate and has a
hole portion through which the one end portion 4A of
each heat transfer tube 4 is inserted. That is, by insertion
of the heat transfer tube 4 through the hole portion of the
retainer 5, the retainer 5 retains a part of the periphery
of the heat transfer tube 4. The retainer 5 is made of
aluminum, for example.

[0024] The fin 6 is made of aluminum, for example.
The heat transfer tube 4 and the fin 6 are joined by braz-
ing, for example.

[0025] Note that the number of fins 6 is not limited.

<Flow of refrigerant in heat exchanger 1>

[0026] In the following, the flow of the refrigerant in the
heat exchanger 1 will be described. The flow of the re-
frigerant in the case of the heat exchanger 1 acting as
an evaporator will be described.

[0027] The refrigerant flowing through the refrigerant
pipe 20A of the refrigeration cycle apparatus flows into
the laminated header 2 via the refrigerant inflow port 2A.
The refrigerant having flown into the laminated header 2
is distributed in the distribution flow passage formed in-
side the laminated header 2 and flows into the plurality
of heat transfer tubes 4 via the plurality of refrigerant out-
flow ports 2B. In the plurality of heat transfer tubes 4, the
refrigerant exchanges heat with, for example, air supplied
by a fan. The refrigerant flowing through each of the plu-
rality of heat transfer tubes 4 flows into the cylindrical
header 3 via each of the plurality of refrigerant inflow
ports 3A. The refrigerant having flown into the cylindrical
header 3 merges in the merging flow passage formed
inside the cylindrical header 3 and flows out toward the
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refrigerant pipe 20B via the refrigerant outflow port 3B.

[0028] Inthe heatexchanger 1, the refrigerant can flow
reversely, namely, flow from the cylindrical header 3 to-
ward the laminated header 2. That is, when the heat ex-
changer 1 acts as a condenser, the refrigerant flows from
the cylindrical header 3 toward the laminated header 2.

<Configuration of laminated header 2>

[0029] In the following, the configuration of the lami-
nated header 2 will be described. Fig. 2 is an explanatory
view for describing first plates constituting the laminated
header 2. Fig. 3 is an explanatory view for describing
second plates constituting the laminated header 2. Fig.
4 is an exploded perspective view for schematically illus-
trating a state in which the laminated header 2 has been
disassembled. Note that Fig. 2 schematically illustrates
a state in which each first plate is seen from the flow
direction of the refrigerant. Similarly, Fig. 3 schematically
illustrates a state in which each second plate is seen from
the flow direction of the refrigerant. In Fig. 4, the flow of
the refrigerant is indicated by a broken line arrow. The
state of being seen from the flow direction of the refrig-
erant refers to the state of being seen from the refrigerant
inflow port 2A of the laminated header 2.

[0030] As illustrated in Figs. 2 and 4, the laminated
header 2 includes a first plate 111, a first plate 112, a
first plate 113, afirst plate 114, and a first plate 115. The
first plate 111, the first plate 112, the first plate 113, the
first plate 114, and the first plate 115 are each made up
of a plate-like material in a rectangular shape having a
thickness of about 1to 10 mm, for example. Alternatively,
the first plate 111, the first plate 112, the first plate 113,
the first plate 114, and the first plate 115 are each made
of aluminum, for example.

[0031] Whenitis not particularly necessary to describe
the first plates separately in the following description, the
first plate 111, the first plate 112, the first plate 113, the
first plate 114, and the first plate 115 are collectively
called a first plate.

[0032] Further, as illustrated in Figs. 3 and 4, the lam-
inated header 2 includes a second plate 121, a second
plate 122, a second plate 123, and a second plate 124.
The second plate 121, the second plate 122, the second
plate 123, and the second plate 124 are each made up
of a plate-like material in a rectangular shape having a
thickness of about 1 to 10 mm, for example. The second
plate 121, the second plate 122, the second plate 123,
and the second plate 124 are each made of aluminum,
for example.

[0033] Whenitis not particularly necessary to describe
the second plates separately in the following description,
the second plate 121, the second plate 122, the second
plate 123, and the second plate 124 are collectively called
a second plate.
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(First plate 111)

[0034] Thefirst plate 111 has one circular through hole
10a-1 opened in the first plate 111 in the state of being
seen from the flow direction of the refrigerant. The
through hole 10a-1 serves as the refrigerant inflow port
2A. The through hole 10a-1 is opened at a center portion
of the first plate 111.

(First plate 112)

[0035] Thefirst plate 112 has one circular through hole
10a-3 opened in the first plate 112 in the state of being
seen from the flow direction of the refrigerant. The
through hole 10a-3 is opened at a center portion of the
first plate 112.

[0036] The first plate 112 has four linear through holes
12b opened in the first plate 112 in the state of being
seen from the flow direction of the refrigerant. The four
through holes 12b are opened to be linearly arrayed in a
vertical direction on the drawing.

[0037] Thefirstplate 112 hastwo curved through holes
11b opened in the first plate 112 in the state of being
seen from the flow direction of the refrigerant. The
through hole 11b on the upper portion of the drawing is
opened to bypass the through hole 12b that is second
from the top of the drawing. The through hole 11b on the
lower portion of the drawing is opened to bypass the
through hole 12b that is second from the bottom of the
drawing. The two through holes 11b are opened to be
point symmetric to each other about the through hole
10a-3. Note that the shape of the through hole 11b is not
limited to the illustrated shape and may be any shape as
long as the through hole 11b bypasses the through hole
12b.

(First plate 113)

[0038] Thefirst plate 113 has one circular through hole
10a-5 opened in the first plate 113 in the state of being
seen from the flow direction of the refrigerant.

[0039] Further, the first plate 113 has two circular
through holes 11a-2 opened in the first plate 113 in the
state of being seen from the flow direction of the refrig-
erant. The through holes 11a-2 are opened adjacently to
the through hole 10a-5, to be located symmetrically about
the through hole 10a-5.

[0040] Moreover, the first plate 113 has four substan-
tially S-shaped through holes 12d opened in the first plate
113 in the state of being seen from the flow direction of
the refrigerant. The four through holes 12d are opened
to be arrayed in the vertical direction on the drawing.
[0041] Furthermore, the first plate 113 has two circular
through holes 11c-2 opened in the first plate 113 in the
state of being seen from the flow direction of the refrig-
erant. The through hole 11 c-2 on the upper portion of
the drawing is opened at a center portion between the
two through holes 12d on the upper portion of the draw-
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ing. The through hole 11c-2 on the lower portion of the
drawing is opened at a center portion between the two
through holes 12d on the lower portion of the drawing.
[0042] Additionally, the first plate 113 has four circular
through holes 12a-2 opened in the first plate 113 in the
state of being seen from the flow direction of the refrig-
erant. The two through holes 12a-2 on the upper portion
of the drawing are opened adjacently to the through hole
11c-2 on the upper portion of the drawing, to be arrayed
in the vertical direction on the drawing. The two through
holes 12a-2 on the lower portion of the drawing are
opened adjacently to the through hole 11 c-2 on the lower
portion of the drawing, to be arrayed in the vertical direc-
tion on the drawing.

(First plate 114)

[0043] The first plate 114 has eight circular through
holes 13a-2 opened in the first plate 114 in the state of
being seen from the flow direction of the refrigerant. The
eight through holes 13a-2 are opened to be arrayed in
the vertical direction on the drawing. Further, the eight
through holes 13a-2 are arranged in such a manner that
two vertically arrayed through holes 13a-2 are defined
as one group. That is, the eight through holes 13a-2 are
arranged to be vertically arrayed, with two through holes
13a-2 that communicate with the same one third branch-
ing flow passage 12D defined as one group.

[0044] The through hole 13a-2 that is first from the top
of the drawing and the through hole 13a-2 that is second
from the top of the drawing are defined as one group.
The through hole 13a-2 that is third from the top of the
drawing and the through hole 13a-2 that is fourth from
the top of the drawing are defined as one group. The
through hole 13a-2 that is fifth from the top of the drawing
and the through hole 13a-2 that is sixth from the top of
the drawing are defined as one group. The through hole
13a-2 that is seventh from the top of the drawing and the
through hole 13a-2 that is eighth from the top of the draw-
ing are defined as one group.

[0045] Moreover, the first plate 114 has two substan-
tially S-shaped through holes 11d and one substantially
S-shaped through hole 10b opened in the first plate 114
in the state of being seen from the flow direction of the
refrigerant. The one through hole 10b and the two through
holes 11d are opened to be arrayed in the vertical direc-
tion on the drawing. The through hole 11d on the upper
portion of the drawing is opened between the through
holes 13a-2 that are second and third from the top of the
drawing. The through hole 11b between the through
holes 11d is opened between the through holes 13a-2
that are fourth and fifth from the top of the drawing. The
through hole 11d on the lower portion of the drawing is
opened between the through holes 13a-2 that are sixth
and seventh from the top of the drawing.
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(First plate 115)

[0046] The first plate 115 has eight circular through
holes 13a-4 opened in the first plate 115 in the state of
being seen from the flow direction of the refrigerant. The
eight through holes 13a-4 are opened to be arrayed in
the vertical direction on the drawing. The eight through
holes 13a-4 are arranged in such a manner that two ver-
tically arrayed through holes 13a-4 are defined as one
group. Thatis, the eight through holes 13a-4 are arranged
to be vertically arrayed, with two through holes 13a-4 that
communicate with the same one third branching flow pas-
sage 12D defined as one group. The through hole 13a-
4 serves as the refrigerant outflow port 2B.

(Second plate 121)

[0047] The second plate 121 has one circular through
hole 10a-2 opened in the second plate 121 in the state
of being seen from the flow direction of the refrigerant.
The through hole 10a-2 is opened at a center portion of
the second plate 121.

(Second plate 122)

[0048] The second plate 122 has one circular through
hole 10a-4 opened in the second plate 122 in the state
of being seen from the flow direction of the refrigerant.
The through hole 10a-4 is opened at a center portion of
the second plate 122.

[0049] Further, the second plate 122 has two circular
through holes 11a-3 opened in the second plate 122 in
the state of being seen from the flow direction of the re-
frigerant. The through holes 11a-3 are opened adjacently
to the through hole 10a-4, to be located symmetrically
about the through hole 10a-4.

[0050] Moreover, the second plate 122 has four circu-
lar through holes 12c opened in the second plate 122 in
the state of being seen from the flow direction of the re-
frigerant. The four through holes 12c are opened to be
arrayed in the vertical direction on the drawing.

[0051] Furthermore, the second plate 122 has two cir-
cular through holes 11 ¢c-1 opened in the second plate
122 in the state of being seen from the flow direction of
the refrigerant. The through hole 11 c-1 on the upper
portion of the drawing is opened at a center portion be-
tween the through holes 12c that are first and second
from the top of the drawing. The through hole 11 c-1 on
the lower portion of the drawing is opened at a center
portion between the through holes 12c¢ that are first and
second from the bottom of the drawing.

[0052] Additionally, the second plate 122 has four cir-
cular through holes 12a-3 opened in the second plate
122 in the state of being seen from the flow direction of
the refrigerant. The through holes 12a-3 that are first and
second from the top of the drawing are opened adjacently
to the through hole 11c-1 on the upper portion of the
drawing, to be located symmetrically about the through
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hole 11c-1 on the upper portion of the drawing. The
through holes 12a-3 that are first and second from the
bottom of the drawing are opened adjacently to the
through hole 11¢c-1 on the lower portion of the drawing,
to be located symmetrically about the through hole 11c-
1 on the lower portion of the drawing.

(Second plate 123)

[0053] The second plate 123 has one circular through
hole 10a-6 opened in the second plate 123 in the state
of being seen from the flow direction of the refrigerant.
The through hole 10a-6 is opened at a center portion of
the second plate 123.

[0054] Further, the second plate 123 has two circular
through holes 11 a-1 opened in the second plate 123 in
the state of being seen from the flow direction of the re-
frigerant. The through holes 11 a-1 are opened adjacently
to the through hole 10a-5, to be located symmetrically
about the through hole 10a-6.

[0055] Moreover, the second plate 123 has eight cir-
cular through holes 13a-1 opened in the second plate
123 in the state of being seen from the flow direction of
the refrigerant. The eight through holes 13a-1 are opened
to be arrayed in the vertical direction on the drawing. The
eight through holes 13a-1 are arranged in such a manner
that two vertically arrayed through holes 13a-1 are de-
fined as one group. That s, the eight through holes 13a-
1 are arranged to be vertically arrayed, with two through
holes 13a-1 that communicate with the same one third
branching flow passage 12D defined as one group.
[0056] Furthermore, the second plate 123 has two cir-
cular through holes 11 ¢-3 opened in the second plate
123 in the state of being seen from the flow direction of
the refrigerant. The through hole 11c¢-3 on the upper por-
tion of the drawing is opened at a center portion between
the through holes 13a-1 that are second and third from
the top of the drawing. The through hole 11¢c-3 on the
lower portion of the drawing is opened at a center portion
between the through holes 13a-1 that are second and
third from the bottom of the drawing.

[0057] Additionally, the second plate 123 has four cir-
cular through holes 12a-1 opened in the second plate
123 in the state of being seen from the flow direction of
the refrigerant. The through holes 12a-1 that are firstand
second from the top of the drawing are opened adjacently
to the through hole 11¢c-3 on the upper portion of the
drawing, to be located symmetrically about the through
hole 11c-3 on the upper portion of the drawing. The
through holes 12a-1 that are first and second from the
bottom of the drawing are opened adjacently to the
through hole 11¢c-3 on the lower portion of the drawing,
to be located symmetrically about the through hole 11c-
3 on the lower portion of the drawing.

(Second plate 124)

[0058] The second plate 124 has eight circular through
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holes 13a-3 opened in the second plate 124 in the state
of being seen from the flow direction of the refrigerant.
The eight through holes 13a-3 are opened to be arrayed
in the vertical direction on the drawing. The eight through
holes 13a-3 are arranged in such a manner that two ver-
tically arrayed through holes 13a-3 are defined as one
group. Thatis, the eight through holes 13a-3 are arranged
to be vertically arrayed, with two through holes 13a-3 that
communicate with the same one third branching flow pas-
sage 12D defined as one group.

(Laminated header 2)

[0059] The laminated header 2 is constituted by alter-
nately laminating the first plates and the second plates
made up as above. That is, the laminated header 2 is
constituted by placing each of the second plates between
corresponding two of the first plates.

[0060] A brazing material is applied to both surfaces
or one surface of the second plate.

[0061] The first plates are laminated with the second
plate interposed between the first plates and integrally
joined together by brazing.

[0062] Specifically, the second plate 121 is placed be-
tween the first plate 111 and the first plate 112. The sec-
ond plate 122 is placed between the first plate 112 and
the first plate 113. The second plate 123 is placed be-
tween the first plate 113 and the first plate 114. The sec-
ond plate 124 is placed between the first plate 114 and
the first plate 115.

[0063] By laminating the first plates and the second
plates, a distribution flow passage that communicates
between the refrigerant inflow port 2A and the plurality
of refrigerant outflow ports 2B is formed. The distribution
flow passage is made up of a first flow passage 10A, a
first branching flow passage 10B, second flow passages
11A, first return flow passages 11B, third flow passages
11C, second branching flow passages 11D, fourth flow
passages 12A, second return flow passages 12B, fifth
flow passages 12C, third branching flow passages 12D,
and sixth flow passages 13A. Herein, a case where the
refrigerant is branched into eight flows is shown as an
example. Specifically, as illustrated in Fig. 4, one first
flow passage 10A and one branching flow passage 10B
are formed. Two second flow passages 11A, two first
return flow passages 11B, two third flow passages 11C,
and two second branching flow passages 11D are
formed. Four fourth flow passages 12A, four second re-
turn flow passages 12B, four fifth flow passages 12C,
and four third branching flow passages 12D are formed.
Then, eight sixth flow passages 13A are formed.
[0064] By communication among the through hole
10a-1, the through hole 10a-2, the through hole 10a-3,
the through hole 10a-4, the through hole 10a-5, and the
through hole 10a-6, the first flow passage 10A is formed
in a linear shape extending in the direction in which the
first plates and the second plates are laminated. That s,
in a state where the first plates and the second plates
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are laminated, the through hole 10a-1, the through hole
10a-2, the through hole 10a-3, the through hole 10a-4,
the through hole 10a-5, and the through hole 10a-6 are
opened at positions facing each other to communicate
with each other.

[0065] Note that the through hole 10b serving as the
first branching flow passage 10B is opened at a position
across the through hole 10a-6 from the through hole 10a-
5. The first flow passage 10A is communicated with the
center of the first branching flow passage 10B.

[0066] The first branching flow passage 10B is consti-
tuted of the through hole 10b. That is, the first branching
flow passage 10B communicates with the first flow pas-
sage 10A and branches the first flow passage 10A into
a plurality of flow passages. Consequently, the refriger-
ant having flown through the first flow passage 10A is
branched in the first branching flow passage 10B into two
flows in the vertical direction on the drawing. The first
branching flow passage 10B causes the refrigerant to
flow in the reverse direction. The second flow passage
11A is communicated with each of both end portions of
the first branching flow passage 10B.

[0067] By communication among the through hole
11a-1, the through hole 11a-2, and the through hole 11a-
3, the second flow passage 11A is formed in the linear
shape extending in the direction in which the first plates
and the second plates are laminated. That is, in the state
where the first plates and the second plates are laminat-
ed, the through hole 11a-1, the through hole 11a-2, and
the through hole 11a-3 are opened at positions facing
each other to communicate with each other. Inthe second
flow passage 11A, the refrigerant flows in the direction
opposite to the direction in which the refrigerant flows
through the first flow passage 10A.

[0068] Note that the through hole 11b serving as the
first return flow passage 11 B is opened at a position
across the through hole 11a-3 from the through hole 11a-
2. Then, the second flow passage 11A is communicated
with one end portion of the first return flow passage 11B.
[0069] The firstreturn flow passage 11 B is constituted
of the through hole 11b extending in the longitudinal di-
rection of the first plate 112. The refrigerant having flown
through the second flow passage 11A flows into the first
return flow passage 11 B through the one end portion of
the first return flow passage 11B, flows in the longitudinal
direction of the first plate 112, and flows out of the first
return flow passage 11 B through the other end portion
of the first return flow passage 11B. In the first return flow
passage 11B, the second flow passage 11A is commu-
nicated with the one end portion and the third flow pas-
sage 11C is communicated with the other end portion,
to cause the refrigerant to flow in the reverse direction.
Note that the longitudinal direction of the first plate 112
is the vertical direction of the first plate 112 on the draw-
ing.

[0070] Bycommunicationamongthethroughhole 11c-
1, the through hole 11¢c-2, and the through hole 11¢-3,
the third flow passage 11C is formed in the linear shape



13 EP 3 499 169 A1 14

extending in the direction in which the first plates and the
second plates are laminated. That is, in the state where
the first plates and the second plates are laminated, the
through hole 11c¢-1, the through hole 11¢c-2, and the
through hole 11¢-3 are opened at positions facing each
other to communicate with each other. In the third flow
passage 11C, the refrigerant flows in the direction oppo-
site to the direction in which the refrigerant flows through
the second flow passage 11A.

[0071] Note that the through hole 11d serving as the
second branching flow passage 11 D is opened at a po-
sition across the through hole 11c-3 from the through
hole 11¢-2. The third flow passage 11C is communicated
with the center of the second branching flow passage
11D.

[0072] Thesecondbranchingflow passage 11D is con-
stituted of the through hole 11d. That is, the second
branching flow passage 11D communicates with the third
flow passage 11C and branches the third flow passage
11C into a plurality of flow passages. Consequently, the
refrigerant having flown through the third flow passage
11C is branched in the second branching flow passage
11D into two flows in the vertical direction on the drawing.
The second branching flow passage 11D causes the re-
frigerant to flow in the reverse direction. The fourth flow
passage 12A is communicated with each of both end
portions of the second branching flow passage 11D.
[0073] By communication among the through hole
12a-1, the through hole 12a-2, and the through hole 12a-
3, the fourth flow passage 12A is formed in the linear
shape extending in the direction in which the first plates
and the second plates are laminated. That s, in the state
where the first plates and the second plates are laminat-
ed, the through hole 12a-1, the through hole 12a-2, and
the through hole 12a-3 are opened at positions facing
each other to communicate with each other. In the fourth
flow passage 12A, the refrigerant flows in the direction
opposite to the direction in which the refrigerant flows
through the third flow passage 11C.

[0074] Note that the through hole 12b serving as the
second return flow passage 12B is opened at a position
across the through hole 12a-3 from the through hole 12a-
2. Then, the fourth flow passage 12A is communicated
with one end portion of the second return flow passage
12B.

[0075] The second return flow passage 12B is consti-
tuted of the through hole 12b extending in the longitudinal
direction of the first plate 112. The refrigerant having
flown through the fourth flow passage 12A flows into the
second return flow passage 12B through the one end
portion of the second return flow passage 12B, flows in
the flow direction of the refrigerant in the first plate 112,
and flows out of the second return flow passage 12B
through the other end portion of the second return flow
passage 12B. In the second return flow passage 12B,
the fourth flow passage 12A is communicated with the
one end portion and the fifth flow passage 12C is com-
municated with the other end portion, to cause the refrig-
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erant to flow in the reverse direction. Note that the lon-
gitudinal direction of the first plate 112 is the vertical di-
rection of the first plate 112 on the drawing.

[0076] By the through hole 12c, the fifth flow passage
12C is formed in the linear shape extending in the direc-
tion in which the first plates and the second plates are
laminated. That is, in the state where the first plates and
the second plates are laminated, the through hole 12c is
opened at a position where the other end portion of the
second return flow passage 12B and the center of the
third branching flow passage 12D face each other to com-
municate with each other. In the fifth flow passage 12C,
the refrigerant flows in the direction opposite to the di-
rection in which the refrigerant flows through the fourth
flow passage 12A.

[0077] The third branching flow passage 12D is con-
stituted of the through hole 12d. That is, the third branch-
ing flow passage 12D communicates with the fifth flow
passage 12C and branches the fifth flow passage 12C
into a plurality of flow passages. Consequently, the re-
frigerant having flown through the fifth flow passage 12C
is branched in the third branching flow passage 12D into
two flows in the vertical direction on the drawing. The
sixth flow passage 13A is communicated with each of
both end portions of the third branching flow passage
12D.

[0078] Note that the refrigerant in the third branching
flow passage 12D is not caused to flow in the reverse
direction.

[0079] By communication among the through hole
13a-1, the through hole 13a-2, the through hole 13a-3,
and the through hole 13a-4, the sixth flow passage 13A
is formed in the linear shape extending in the direction
in which the first plates and the second plates are lami-
nated. That s, in the state where the first plates and the
second plates are laminated, the through hole 13a-1, the
through hole 13a-2, the through hole 13a-3, and the
through hole 13a-4 are opened at positions facing each
other to communicate with each other. In the sixth flow
passage 13A, the refrigerant flows in the same direction
as the direction in which the refrigerant flows through the
fifth flow passage 12C.

[0080] Note that the through hole 13a-1 is opened at
a position opposite to each of both end portions of the
through hole 12d.

[0081] The first plate and the second plate are proc-
essed by pressing or cutting. In the case of processing
the first plate and the second plate by pressing, plates
each having a thickness equal to or smaller than 5 mm
and being processable with the pressing may be used.
In the case of processing the first plate and the second
plate by cutting, plates each having a thickness equal to
or larger than 5 mm may be used.

[0082] The refrigerant pipe 20A is connected to the first
flow passage 10A of the laminated header 2 via the re-
frigerant inflow port 2A. The through hole 10a-1 consti-
tuting the first flow passage 10A corresponds to the re-
frigerant inflow port 2A in Fig. 1.
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[0083] The heat transfer tube 4 is connected to each
of the sixth flow passages 13A of the laminated header
2 via a corresponding one of the refrigerant outflow ports
2B. The through holes 13a-4 each constituting the sixth
flow passage 13A correspond to the refrigerant outflow
ports 2B in Fig. 1.

[0084] Herein, when the first plates and the second
plates are laminated and the distribution flow passage is
formed, the first flow passage 10A is communicated with
the center of the first branching flow passage 10B formed
in the first plate 114.

[0085] Further, when the first plates and the second
plates are laminated and the distribution flow passage is
formed, the second flow passage 11A is communicated
with each of both end portions of the first branching flow
passage 10B.

[0086] As thus described, in the laminated header 2,
the first plates and the second plates are laminated and
brazed to communicate among through holes and form
the distribution flow passage.

<Flow of refrigerant in laminated header 2>

[0087] Next, the distribution flow passage and the flow
of the refrigerant in the laminated header 2 will be de-
scribed.

[0088] Fig.5isalongitudinal sectional view for describ-
ing the flow of the refrigerant in the laminated header 2.
In Fig. 5, the flows of the refrigerant are indicated by solid
line arrows a to m. Further, in Fig. 5, the upper half of the
drawing of the laminated header 2 is enlarged and sche-
matically illustrated.

[0089] When the heat exchanger 1 acts as the evap-
orator, refrigerant that is in a two-phase gas-liquid state
and flows through the refrigerant pipe 20A flows into the
laminated header 2 from the through hole 10a-1 of the
first plate 111 that serves as the refrigerant inflow port
2A (arrow a). The refrigerant having flown inside the lam-
inated header 2 travels straight in the first flow passage
10A (arrow b) and collides with the surface of the second
plate 124 in the first branching flow passage 10B of the
first plate 114 to vertically branch in the gravity direction
(arrow c). The refrigerant having branched in the first
branching flow passage 10B travels to each of both end
portions of the first branching flow passage 10B and flows
into the pair of second flow passages 11A.

[0090] The refrigerant having flown into the second
flow passages 11Atravels straight (arrow d) in the second
flow passages 11Ain a direction opposite to the direction
in which the refrigerant travels in the first flow passage
10A. This refrigerant is caused by the first return flow
passage 11 B of the first plate 112 to flow in the reverse
direction. That s, the refrigerant collides with the surface
of the second plate 121 in the first return flow passages
11 B to change its flow direction (arrow e). The refrigerant
having flown into the first return flow passage 11 B travels
to the end portion of the first return flow passage 11B
and flows into the third flow passage 11C.
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[0091] The refrigerant having flown into the third flow
passage 11C travels straight (arrow f) in the same direc-
tion as the direction in which the refrigerant travels in the
first flow passage 10A. This refrigerant collides with the
surface of the second plate 124 in the second branching
flow passage 11D of the first plate 114 to vertically branch
in the gravity direction (arrow g). The refrigerant having
branched in the second branching flow passage 11D
travels to each of both end portions of the second branch-
ing flow passage 11 D, and flows into the pair of fourth
flow passages 12A formed to communicate with the one
second branching flow passage 11 D.

[0092] The refrigerant having flown into the fourth flow
passage 12A travels straight (arrow h) in the fourth flow
passage 12A in the same direction as the direction in
which the refrigerant travels in the second flow passage
11A. This refrigerant collides with the surface of the sec-
ond plate 121 in the second return flow passage 12B of
the first plate 112 to change its flow direction (arrow i).
The refrigerant having flown into the second return flow
passage 12B travels to the end portion of the second
return flow passage 12B and flows into the fifth flow pas-
sage 12C. The refrigerant having flown into the fifth flow
passage 12C travels straight (arrow j) in the fifth flow
passage 12C in the same direction as the direction in
which the refrigerant travels in the first flow passage 10A.
This refrigerant collides with the surface of the second
plate 123 in the third branching flow passage 12D of the
first plate 113 to vertically branch in the gravity direction
(arrow k). The refrigerant having branched in the third
branching flow passage 12D travels to each of both end
portions of the third branching flow passage 12D and
flows into the pair of sixth flow passages 13A formed to
communicate with the one third branching flow passage
12D.

[0093] The refrigerant having flown into the sixth flow
passage 13A travels straight (arrow [) in the sixth flow
passage 13A in a direction opposite to the direction in
which the refrigerant travels in the fourth flow passage
12A. Then, the refrigerant flowing through the sixth flow
passage 13A flows out of the sixth flow passage 13A
(arrow m) and is uniformly distributed to each of the plu-
rality of heat transfer tubes 4 via the flow passages of
the retainer 5.

[0094] In Embodiment 1, the description has been giv-
en, as an example, to the case where the refrigerant
passes in a branching flow passage three times and is
branched into eight flows, but the number of times the
refrigerant branches is not particularly limited.

<Regarding state of liquid film in distribution flow passage
in laminated header>

[0095] Herein, a state of a liquid film in the laminated
header 2 will be described.

[0096] The distribution flow passage of the laminated
header 2 repeatedly bends at aright angle and branches
at a plurality of positions to reach the plurality of refrig-
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erant outflow ports 2B. When the refrigerant flows
through the distribution flow passage, a large amount of
liquid film of the refrigerant unevenly exists at portions in
the inner circumference of the flow passages in the bend-
ing portions and the branching portions of the flow pas-
sages due to the centrifugal force. When the refrigerant
flows into the next branching flow passage in this state,
a large amount of the liquid refrigerant unevenly flows
into portions of the branching flow passages, and the
two-phase gas-liquid refrigerant cannot be uniformly dis-
tributed to the plurality of heat transfer tubes 4.

[0097] To solve the problem, in the laminated header
2, a linear portion ensured to have a certain length is
formed between the bending portion or the branching
portion of the flow passage and a position at which the
refrigerant flows into the next branching flow passage.
Specifically, the first flow passage 10A, the second flow
passages 11A, the third flow passages 11C, the fourth
flow passages 12A, and the fifth flow passages 12C are
each configured to have alength larger than the thickness
of one plate. This configuration can ensure the straight-
traveling portion for the refrigerant and during the pas-
sage in this portion, the liquid film in the uneven state is
made uniform. Consequently, the refrigerant can be pre-
vented from unevenly flowing in the next branching flow
passage, and the two-phase gas-liquid refrigerant is uni-
formly distributed in all of the branching flow passages.
Additionally, as the laminated header 2 includes the first
return flow passages 11 B and the second return flow
passages 12B, it is possible to equally distribute the two-
phase gas-liquid refrigerant while achieving the size re-
duction.

[0098] Further, the laminated header 2 has no other
branching flow passage formed in the second flow pas-
sages 11A, the first return flow passages 11B, and the
third flow passages 11C through which the first branching
flow passage 10B communicates with the second
branching flow passages 11D. That is, in the laminated
header 2, the refrigerant branched in the first branching
flow passage 10B is caused by the first return flow pas-
sage 11 B to flow in the reverse direction and reach the
second branching flow passage 11D.

[0099] Similarly, the laminated header 2 has no other
branching flow passage formed in the fourth flow pas-
sages 12A, the second return flow passages 12B, and
the fifth flow passages 12C through which the second
branching flow passages 11 D communicate with the
third branching flow passages 12D. That is, in the lami-
nated header 2, the refrigerant branched in the second
branching flow passages 11D is caused by the second
return flow passages 12B to flow in the reverse direction
and reach the third branching flow passages 12D.
[0100] With such a configuration formed, in the lami-
nated header 2, an entrance distance from a branching
point toward another branching point can be ensured to
be long and each amount of the refrigerant after the
branching can be made equal. That is, in the laminated
header 2, the flow passage from the first branching flow
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passage 10B serving as the first branching point to the
second branching flow passage 11D serving as the next
branching point can be made longer than twice the thick-
ness of the four plates, so that the straight-traveling por-
tion for the refrigerant can be ensured and, in the straight-
traveling portion, the liquid film in the uneven state can
be made uniform.

[0101] In the laminated header 2, the first branching
flow passage 10B and the second branching flow pas-
sages 11D are formed in the first plate 114 having the
eight through holes 13a-2 opened in the first plate 114.
[0102] With such a configuration formed, in the lami-
nated header 2, the distance of the flow passage from
the first branching flow passage 10B serving as the first
branching point to the second branching flow passage
11 D serving as the next branching point can be made
the same as a reciprocating distance. That s, in the lam-
inated header 2, the distance of the flow passage be-
tween the branching points can be ensured to be long
and each amount of the refrigerant after the branching
can be made equal.

[0103] Inthelaminated header 2, the opening positions
of the eight through holes 13a-2 opened in the first plate
114 are not equally spaced but arranged in such a man-
ner that two through holes are defined as one group. In
the laminated header 2, a space between the groups is
made wider than a space between two through holes
13a-2 defined as one group. Then, in the laminated head-
er 2, at least one of the through hole 10b serving as the
first branching flow passage 10B and the through hole
11d serving as the second branching flow passage 11D
is opened in the wider space between the through holes
13a-2, namely the space between the groups.

[0104] With such a configuration formed, in the lami-
nated header 2, each of the first branching flow passage
10B and the second branching flow passages 11D can
be disposed between corresponding two of the sixth flow
passages 13A and other corresponding two of the sixth
flow passages 13A, and the linear distance of the flow
passage from the first branching flow passage 10B serv-
ing as the first branching point to the second branching
flow passages 11D each serving as the next branching
point can be made long. That is, in the laminated header
2, the entrance distance from a branching point toward
another branching point can be ensured to be long and
the rectifying effect of the liquid film can be further im-
proved.

[0105] Although the case where both the through hole
10b and the through holes 11d are opened in the first
plate 114 has been shown as an example in Embodiment
1, either through hole may be opened in another plate.

[0106] In the laminated header 2, the second branch-
ing flow passages 11D are each formed at a position that
is closer to corresponding ones of the through holes 13a-
2 than is the position of a corresponding one of the third
branching flow passages 12D.

[0107] With such a configuration formed, in the lami-
nated header 2, the entrance distance from each of the
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second branching flow passages 11D to a corresponding
one of the third branching flow passages 12D can be
ensured to be long and the rectifying effect of the liquid
film can be further improved.

Embodiment 2

[0108] Hereinafter, an example of a usage mode of the
heat exchanger 1 according to Embodiment 1 will be de-
scribed as Embodiment 2 of the present invention. In
Embodiment 2, an air-conditioning apparatus 100 pro-
vided with the heat exchanger 1 according to Embodi-
ment 1 will be described as an example of the refrigera-
tion cycle apparatus. However, the present invention is
not limited to the case where the heat exchanger 1 is
provided in the air-conditioning apparatus 100, and for
example, the heat exchanger 1 may be provided in an-
other refrigeration cycle apparatus including a refrigerant
cycle circuit. Further, a case will be described where the
air-conditioning apparatus 100 switches between a cool-
ing operation and a heating operation, but the air-condi-
tioning apparatus 100 is not limited to such a case and
may perform only the cooling operation or the heating
operation. In this case, it is not necessary to provide a
four-way valve 22.

<Configuration of air-conditioning apparatus 100>

[0109] Fig. 6 is a circuit configuration diagram sche-
matically illustrating an example of the refrigerant circuit
configuration of the air-conditioning apparatus 100,
which is an example of the refrigeration cycle apparatus
according to Embodiment 2 of the present invention. In
Embodiment 2, a difference from Embodiment 1 will be
mainly described, and the same portion as in Embodi-
ment 1 is provided with the same reference sign and the
description of the same portion will be omitted. In Fig. 6,
the flow of the refrigerant during the cooling operation is
indicated by a broken line arrow, and the flow of the re-
frigerant during the heating operation is indicated by a
solid line arrow.

[0110] As illustrated in Fig. 6, the air-conditioning ap-
paratus 100 includes a compressor 21, the four-way
valve 22, an outdoor heat exchanger 23, an expansion
device 24, an indoor heat exchanger 25, an outdoor fan
26, an indoor fan 27, and a controller 28.

[0111] The compressor 21, the four-way valve 22, the
outdoor heat exchanger 23, the expansion device 24, the
outdoor fan 26, and the controller 28 are mounted in a
heat-source-side unit. The indoor heat exchanger 25 and
the indoor fan 27 are mounted in a load-side unit.
[0112] Note that the expansion device 24 may be
mounted in the load-side unit. The controller may be
mounted in the load-side unit. Further, the controller may
be provided in each of both the heat-source-side unitand
the load-side unit and may be communicable.

[0113] The compressor 21, the outdoor heat exchang-
er 23, the expansion device 24, and the indoor heat ex-
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changer 25 are connected by a refrigerant pipe 20, to
form a refrigerant cycle circuit. The refrigerant pipe 20
includes the refrigerant pipe 20A and the refrigerant pipe
20B described in Embodiment 1.

[0114] The compressor 21 compresses refrigerant.
The refrigerant compressed by the compressor 21 is dis-
charged and sent to the outdoor heat exchanger 23 or
the indoor heat exchanger 25. The compressor 21 is, for
example, a rotary compressor, a scroll compressor, a
SCrew compressor, or a reciprocating compressor.
[0115] The four-way valve 22 switches the flows of the
refrigerant between the heating operation and the cooling
operation. That is, the four-way valve 22 is switched to
connect between the compressor 21 and the indoor heat
exchanger 25 during the heating operation, and switched
to connect between the compressor 21 and the outdoor
heat exchanger 23 during the cooling operation. Note
that a combination of two-way valves or three-way valves
may be adopted in place of the four-way valve 22.
[0116] The outdoor heat exchanger 23 is used as a
heat-source-side heat exchanger, acts as the evaporator
during the heating operation, and acts as the condenser
during the cooling operation. That is, when the outdoor
heat exchanger 23 acts as the evaporator, in the outdoor
heat exchanger 23, low-temperature low-pressure refrig-
erant having flown out of the expansion device 24 ex-
changes heat with air supplied by the outdoor fan 26, and
low-temperature low-pressure liquid refrigerant or two-
phase refrigerant is evaporated. Meanwhile, when the
outdoor heat exchanger 23 acts as the condenser, in the
outdoor heat exchanger 23, high-temperature high-pres-
sure refrigerant having discharged from the compressor
21 exchanges heat with air supplied by the outdoor fan
26, and high-temperature high-pressure gas refrigerant
is condensed.

[0117] The outdoor fan 26 is used as a heat-source-
side fan and supplies air to the outdoor heat exchanger
23.

[0118] The expansion device 24 expands and depres-
surizes the refrigerant having flown out of the outdoor
heat exchanger 23 or the indoor heat exchanger 25. The
expansion device 24 may be, for example, an electric
expansion valve capable of adjusting the flow rate of re-
frigerant. As the expansion device 24, it is possible to
apply not only the electric expansion valve but also a
mechanical expansion valve with a diaphragm adopted
inits pressure receptor, a capillary tube, or other devices.
[0119] Theindoorheatexchanger25is used as aload-
side heat exchanger, acts as the condenser during the
heating operation, and acts as the evaporator during the
cooling operation. Thatis, when the indoor heat exchang-
er 25 acts as the condenser, in the indoor heat exchanger
25, high-temperature high-pressure refrigerant having
discharged from the compressor 21 exchanges heat with
air supplied by the indoor fan 27, and high-temperature
high-pressure gas refrigerant is condensed. Meanwhile,
when the indoor heat exchanger 25 acts as the evapo-
rator, in the indoor heat exchanger 25, low-temperature
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low-pressure refrigerant having flown out of the expan-
sion device 24 exchanges heat with air supplied by the
indoor fan 27, and low-temperature low-pressure liquid
refrigerant or two-phase refrigerant is evaporated.
[0120] Theindoorfan 27 isused as aload-side fan and
supplies air to the indoor heat exchanger 25.

[0121] The controller 28 integrally controls the entire
operation of the air-conditioning apparatus 100. Specif-
ically, in accordance with the content of the user’s oper-
ation, the controller 28 controls the operation of each unit
of the air-conditioning apparatus 100, namely, the com-
pressor 21, the four-way valve 22, the expansion device
24, the outdoor fan 26, and the indoor fan 27, each of
which is an actuator. Specifically, the actuators, a variety
of unillustrated sensors, and other devices are connected
to the controller 28, and the controller 28 controls the
operation of the actuators while acquiring temperature
information and pressure information, to perform an op-
eration in accordance with the content of the user’s op-
eration. For example, the flow passages of the four-way
valve 22 are switched by the controller 28, to switch be-
tween the cooling operation and the heating operation.
[0122] The controller 28 can be hardware such as a
circuit device that achieves its function or can be an arith-
metic unit such as a microcomputer and software exe-
cuted on the arithmetic unit.

<Operation of air-conditioning apparatus 100>

[0123] Next, the operation of the air-conditioning ap-
paratus 100 will be described together with the flow of
the refrigerant.

[0124] Firstly, the cooling operation performed by the
air-conditioning apparatus 100 will be described. Note
that the flow of the refrigerant during the cooling operation
is indicated by the broken line arrow in Fig. 6.

[0125] By driving the compressor 21, the refrigerant in
the high-temperature high-pressure gas state is dis-
charged from the compressor 21. Hereinafter, the refrig-
erant flows to follow the broken line arrow. The high-tem-
perature high-pressure gas refrigerant discharged from
the compressor 21 flows into the outdoor heat exchanger
23 that acts as the condenser via the four-way valve 22.
In the outdoor heat exchanger 23, the high-temperature
high-pressure gas refrigerant having flown in exchanges
heat with air supplied by the outdoor fan 26, and the high-
temperature high-pressure gas refrigerant is condensed
to become high-pressure liquid refrigerant.

[0126] The high-pressure liquid refrigerant having
flown out of the outdoor heat exchanger 23 is brought
into low-pressure two-phase gas-liquid refrigerant by the
expansion device 24. The low-pressure two-phase gas-
liquid refrigerant flows into the indoor heat exchanger 25
that acts as the evaporator. In the indoor heat exchanger
25, the two-phase gas-liquid refrigerant having flown in
exchanges heat with air supplied by the indoor fan 27,
and the liquid refrigerant out of the refrigerant in the two-
phase state is evaporated to become low-pressure gas
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refrigerant. At this time, the air with its heat exchanged
is supplied to an air-conditioned space by the indoor fan
27 to cool the air-conditioned space.

[0127] The low-pressure gas refrigerant having flown
out of the indoor heat exchanger 25 flows into the com-
pressor 21 via the four-way valve 22 and is compressed
to become high-temperature high-pressure gas refriger-
ant, which is discharged again from the compressor 21.
Hereinafter, this cycle is repeated.

[0128] Next, the heating operation performed by the
air-conditioning apparatus 100 will be described. Note
that the flow of the refrigerant during the heating opera-
tion is indicated by the solid line arrow in Fig. 6.

[0129] By driving the compressor 21, the refrigerant in
the high-temperature high-pressure gas state is dis-
charged from the compressor 21. Hereinafter, the refrig-
erant flows to follow the solid line arrow. The high-tem-
perature high-pressure gas refrigerant discharged from
the compressor 21 flows into the indoor heat exchanger
25 that acts as the condenser via the four-way valve 22.
In the indoor heat exchanger 25, the high-temperature
high-pressure gas refrigerant having flown in exchanges
heat with air supplied by the indoor fan 27, and the high-
temperature high-pressure gas refrigerant is condensed
to become high-pressure liquid refrigerant. At this time,
the air with its heat exchanged is supplied to an air-con-
ditioned space by the indoor fan 27 to heat the air-con-
ditioned space.

[0130] The high-pressure liquid refrigerant sent out
from the indoor heat exchanger 25 is brought into low-
pressure two-phase gas-liquid refrigerant by the expan-
sion device 24. The low-pressure two-phase gas-liquid
refrigerant flows into the outdoor heat exchanger 23 that
acts as the evaporator. In the outdoor heat exchanger
23, the two-phase gas-liquid refrigerant having flown in
exchanges heat with air supplied by the outdoor fan 26,
and the liquid refrigerant out of the refrigerant in the two-
phase state is evaporated to become low-pressure gas
refrigerant.

[0131] The low-pressure gas refrigerant having flown
out of the outdoor heat exchanger 23 flows into the com-
pressor 21 via the four-way valve 22 and is compressed
to become high-temperature high-pressure gas refriger-
ant, which is discharged again from the compressor 21.
Hereinafter, this cycle is repeated.

[0132] In the air-conditioning apparatus 100, the heat
exchanger 1 according to Embodiment 1 is only required
to be used for at least one of the outdoor heat exchanger
23 and the indoor heat exchanger 25, but as illustrated
in Fig. 6, the heat exchanger 1 according to Embodiment
1 may be used for both the outdoor heat exchanger 23
and the indoor heat exchanger 25.

[0133] When the heat exchanger 1 according to Em-
bodiment 1 acts as the evaporator, the heat exchanger
1is connected in such a manner that the refrigerant flows
in from the laminated header 2 and flows out to the cy-
lindrical header 3. That is, when the heat exchanger 1
acts as the evaporator, the refrigerant in the two-phase
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gas-liquid state flows into the laminated header 2 from
the refrigerant pipe 20, branches, and flows into each
heat transfer tube 4 of the heat exchanger 1. When the
heat exchanger 1 acts as the condenser, the liquid re-
frigerant flows from each heat transfer tube 4, merges in
the laminated header 2, and flows out to the refrigerant
pipe 20.

[0134] Consequently,inthe air-conditioning apparatus
100, as the heat exchanger 1 according to Embodiment
1 is used for at least one of the outdoor heat exchanger
23 and the indoor heat exchanger 25, the two-phase gas-
liquid refrigerant is distributed to the laminated header 2
more uniformly to improve the heat exchange efficiency.
[0135] Notetherefrigerantused forthe air-conditioning
apparatus 100 is not particularly limited, and the effect
can be exerted even when refrigerant such as R410A,
R32, and HFO1234yf is used.

[0136] As a working fluid, the examples of the air and
the refrigerant have been shown, but the working fluid is
not limited to the examples, and the same effect can be
exerted even when other gases, liquids, or gas-liquid
mixed fluids are used. That is, the working fluid varies
and the effect can be exerted in any case.

[0137] Moreover, the other examples of the refrigera-
tion cycle apparatus include a water heater, a refrigera-
tor, and an air-conditioning water-heater compound ma-
chine, and the heat exchange efficiency improves in any
case.

Reference Signs List
[0138]

1 heat exchanger2 laminated header 2A refrigerant
inflow port

2B refrigerant outflow port 3 cylindrical header 3A
refrigerant inflow port 3B refrigerant outflow port 4
heat transfer tube 4A one end portion

4B other end portion 5 retainer 6 fin 10A first flow
passage 10a-1 through hole 10a-2 through hole 10a-
3 through hole 10a-4 through hole

10a-5 through hole 10a-6 through hole 10B first
branching flow passage 10b through hole 11A sec-
ond flow passage 11a-1 through hole

11a-2 through hole 11a-3 through hole 11 B first re-
turn flow passage 11b through hole 11C third flow
passage 11 c-1 through hole

11¢-2 through hole 11c¢-3 through hole 11D second
branching flow passage 11d through hole 12A fourth
flow passage 12a-1 through hole 12a-2 through hole
12a-3 through hole 12B second return flow passage
12b through hole 12C fifth flow passage 12¢ through
hole

12D third branching flow passage 12d through hole
13A sixth flow passage 13a-1 through hole 13a-2
through hole 13a-3 through hole

13a-4 through hole 20 refrigerant pipe 20A refriger-
ant pipe
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20B refrigerant pipe 21 compressor 22 four-way
valve 23 outdoor heat exchanger 24 expansion de-
vice 25 indoor heat exchanger 26 outdoor fan 27
indoor fan 28 controller 100 air-conditioning appara-
tus

111 first plate 112 first plate 113 first plate 114 first
plate

115 first plate 121 second plate 122 second plate
123 second plate

124 second plate

Claims
1. A laminated header, comprising:

one first opening;

a plurality of second openings; and

a distribution flow passage communicating be-
tween the first opening and each of the plurality
of second openings,

the laminated header including a plurality of
plates that are laminated,

the distribution flow passage including

a first flow passage communicating with the first
opening and having a linear shape extending in
a direction in which the plurality of plates are
laminated,

a first branching flow passage communicating
with the first flow passage and branching the
first flow passage into a plurality of flow passag-
es,

a plurality of second flow passages communi-
cating with the first branching flow passage and
each having a linear shape extending in the di-
rection in which the plurality of plates are lami-
nated,

a first return flow passage communicating with
each of the plurality of second flow passages
and extending in a longitudinal direction of a
same plate of the plurality of plates,

a plurality of third flow passages each commu-
nicating with a corresponding one of the first re-
turn flow passages and each having a linear
shape extending in the direction in which the plu-
rality of plates are laminated,

a second branching flow passage communicat-
ing with each of the plurality of third flow pas-
sages and branching each of the plurality of third
flow passages into a plurality of flow passages,
a plurality of fourth flow passages communicat-
ing with the second branching flow passage and
each having a linear shape extending in the di-
rection in which the plurality of plates are lami-
nated,

a second return flow passage communicating
with each of the plurality of fourth flow passages
and extending in a longitudinal direction of a
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same plate of the plurality of plates,

a plurality of fifth flow passages each communi-
cating with a corresponding one of the second
return flow passages and each having a linear
shape extending in the direction in which the plu-
rality of plates are laminated,

a third branching flow passage communicating
with each of the plurality of fifth flow passages
and branching each of the plurality of fifth flow
passages into a plurality of flow passages, and
a plurality of sixth flow passages communicating
with the third branching flow passage and each
having a linear shape extending in the direction
in which the plurality of plates are laminated,
the plurality of second flow passages and the
plurality of fourth flow passages being config-
ured in such a manner that refrigerant flowing
through each of the plurality of second flow pas-
sages and the plurality of fourth flow passages
flows in a direction opposite to a flow direction
ofthe refrigerant flowing through each of the first
flow passage, the plurality of third flow passag-
es, the plurality of fifth flow passages, and the
plurality of sixth flow passages.

The laminated header of claim 1, wherein each of
the first flow passage, the plurality of second flow
passages, the plurality of third flow passages, the
plurality of fourth flow passages, and the plurality of
fifth flow passages is configured to have a length
larger than a thickness of one plate of the plurality
of plates.

The laminated header of claim 1 or 2, wherein the
distribution flow passage is configured in such a
manner that the refrigerant branched in the first
branching flow passage reaches the second branch-
ing flow passages without being branched in the plu-
rality of second flow passages, the first return flow
passages, and the plurality of third flow passages.

The laminated header of any one of claims 1 to 3,
wherein the distribution flow passage is configured
in such a manner that the refrigerant branched in the
second branching flow passage reaches the third
branching flow passages without being branched in
the plurality of fourth flow passages, the second re-
turn flow passages, and the plurality of fifth flow pas-
sages.

The laminated header of any one of claims 1 to 4,
wherein a through hole forming the first branching
flow passage and through holes each forming a cor-
responding one of the second branching flow pas-
sages are formed in a same plate of the plurality of
plates in which at least one of through holes each
forming a corresponding one of the plurality of sixth
flow passages is formed.
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The laminated header of claim 5, wherein

among the through holes each forming a corre-
sponding one of the plurality of sixth flow passages,
two through holes communicating with a same one
of the third branching flow passages are defined as
one group,

a space between the groups is made wider than a
space between the two through holes defined as the
one group, and

at least one of the through hole forming the first
branching flow passage and the through holes each
forming a corresponding one of the second branch-
ing flow passages are formed between the groups.

The laminated header of any one of claims 1 to 6,
wherein the second branching flow passages are
formed at positions that are closer to the plurality of
second openings than are positions of the third
branching flow passages.

A heat exchanger, comprising:

the laminated header of any one of claims 1 to
7; and

a plurality of heat transfer tubes each connected
to a corresponding one of the plurality of second
openings.

A refrigeration cycle apparatus, comprising the heat
exchanger of claim 8 as at least one of an evaporator
and a condenser.



FIG. 1

e iHININININININIR

A

FIG. 2

O
O“N

O—
O

- 13a—4

- ~13a-4

- ~13a-4

- 13a-4

1324

O~—"13a-4

- ~13a—4

" ~13a—4

Yo 9

L%

.
womhe.

EP 3 499 169 A1

L ¢

13a-2

- ~13a-2

L~~11d

1382

L ~13a~2

_—~10b

1322

L~13a-2

- 11d

" ~13a-2

~13a—2

IR N S AN T

el
pry
L]

S

~_~12d

1222
1102
T ~12a-2

~_-12d

- ~11a-2

L~10a~-5
- ~11a-2

T 2a~2
T~ 1c-2
~12a-2

~_-12d

1S ppp S op0 > opp

15

S
5

=

]
b

2B

)

h—12b

%

]

_11b

)

)

N——12b

-y
%]

~_—10a-3

i
s



FIG. 3

Q’mwfj 33“3

O~_-13a-3

r~4_~13a2-3

O.~13a~3

O ™h-132-3

C}”‘u,«138“3

O™~13a-3

e
£

EP 3 499 169 A1

O tr13a~1

O~\13a-1

O~rt”™12a-1
Qg 11c-3
Ot 12a-1

uw/33a“1

m,/133“1
- 11a-1

1026
a1

\~x13a-1

wdf136“1

~12a~1
1 o3
1281

~13a~1

\_/1 33”’1

43 39029 39909 3

L2

16

C}wx

C}’!—-—f
O
O

m

O
Ored
D’a—

\ijgﬂ

L—~12a~3
1 1o~1

- 12a~3
5.,,44 2e
1123

1024
- ~11a-3

O""w‘iZc

O
Q\—
O—s

C:r-'\

T 12a~3
1 1e~1
1 2a~3

10a—-2



EP 3 499 169 A1

L4

||

121
Y e 1

i
12A

- ——11C

12A

Ld

128

12C

11B

SIS

FIG. 4
115
13A
124
f 114
Y
1
13A/"~/@' L) f23
8 > fnamc
11D < 12D
\\M__“\ | Y
1aaF 1o \% B é‘f
13A/‘“-g‘\ N -"6“: N
19\ p\ ‘g‘ i,&\ P(\
10B\\\ ~n *\@“ \,E\‘>n
}M"‘“—m\ﬁ a\ 3 ~b ‘.‘\&
1A 1+ NGl 8 & "o
/@,. 8\ M\w\ T ®,
13A T IR ERNEIIRS
A IRZN
11D NN G
\\\h o \@‘“\&M N o
*‘\\ ™ “\a\!‘wﬁ
ﬁ » ai ™ LY L
13A- T ”"«.19 %\g\ A
13A/‘“‘*%~ NN Wt [T
\ OJ [ NSJWA ||| O
\/\ *'\ﬁ;“n ~
TS NN O
/‘w ™ @."ﬁ
“ ~ ¥ \8.‘.
'*\ 29\
~ | n\a
v
12D 12D
12C

17

£

11A

10A

\11A

12C

\125
\12A

Z

7] 7%
K 7777%

o
>

o

1B

\HD



EP 3 499 169 A1

FIG. 5

112
121
/

I _  E ,.
OO R RRTITTERIT IR |
NN\ TRE N M
,.///////////77//////// WIN //////////?//////// Neit
=~ AN 3 y/////»/ﬁ%x//// <= > NNWTRNY

M;\///Fﬁy/f////, aciChe /////F,//,,,///,,ZFZ R=C

ALK ////////////é//////// NEA IR

111

12C

\

——12B
1
1

-11B

i
,,/////////////

18



EP 3 499 169 A1

FIG. 6

100 25

(\/zz

N
I8\
N

27

24f® l w{ :

----» COOLING S g
<«—— HEATING 2 3

i\i{gs
(AT *
l//

-——=p

20

(A



10

15

20

25

30

35

40

45

50

55

EP 3 499 169 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2017/037256

A. CLASSIFICATION OF SUBJECT MATTER

Int. Cl. F28F9/02(2006.01)1i, F25B39/00(2006.01)1i, F25B41/00(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int. Cl. F28F9/02, F25B39/00-39/04, F25B41/00-41/06, F28D1/053

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2017
Registered utility model specifications of Japan 1996-2017
Published registered utility model applications of Japan 1994-2017

DWPI (Derwent Innovation), Japio-GPG/FX

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A May 2016, paragraphs [0003],
[0026], [0027], [0036], fig.

0074991 A & CN 107003085 A

1-3 & Ep 3217135 A1,
paragraphs [0003], [001e6], [0017], [0044]1-[0049],
[0061], fig. 1-3 & AU 2014410872 A & KR 10-2017-

Y WO 2016/071946 Al (MITSUBISHI ELECTRIC CORP.) 12 1-5, 8-9

[0011], [o0012], 6-7

Y JP 9-189463 A (MITSUBISHI ELECTRIC CORP.) 22 July 1-5, 8-9
1997, fig. 4, 5 (Family: none)

Y WO 2014/184917 Al (MITSUBISHI ELECTRIC CORP.) 20 3-4
November 2014, paragraphs [0057], [0058], fig. 13
& US 2016/0076824 Al, paragraphs [0103]-[01057,
fig. 13 & EP 2998682 Al & CN 105229404 A

& Further documents are listed in the continuation of Box C.

I:‘ See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than
the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

18.12.2017

Date of mailing of the international search report

26.12.2017

Name and mailing address of the ISA/
Japan Patent Office
3-4-3, Kasumigaseki, Chiyoda-ku,
Tokyo 100-8915, Japan

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)

20




10

15

20

25

30

35

40

45

50

55

EP 3 499 169 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2017/037256

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

September 1993, abstract, fig. 1 & EP 634615 Al &
CA 2100648 A & AU 4199493 2

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 6-11291 A (NARTRON CORPORATION) 21 January 1-9
1994, abstract, fig. 2 & US 5242016 A, abstract,
fig. 2

A US 5992453 A (ZIMMER, Johannes) 30 November 1999, 1-9
abstract, fig. 1 & WO 1997/014511 Al & CN 1200057
A

A US 5241839 A (MODINE MANUFACTURING COMPANY) Q7 1-9

Form PCT/ISA/210 (continuation of second sheet) (January 2015)

21




EP 3 499 169 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* WO 2016071946 A [0003]

22



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

