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Description
Technical Field

[0001] The present invention relates to a heat ex-
changer that performs heat exchange between a first re-
frigerant and a second refrigerant, one of which is a low
temperature fluid and the other one of which is a high
temperature fluid, and to a heat pump system having the
heat exchanger installed therein.

Background Art

[0002] A heat exchanger having the following config-
uration is available as an example of the related art. In
the heat exchanger, a first heat exchanger pipe through
which a low temperature fluid flows and a second heat
exchanger pipe through which a high temperature fluid
flows are alternately stacked on each other. The second
heatexchangerpipe is placed so that the flowing direction
of the high temperature fluid may be in parallel with the
flowing direction of the low temperature fluid.

[0003] At least one of the first and second heat ex-
changer pipes is constituted by a plurality of heat ex-
changer pipes which are arranged in the stacking direc-
tion. Both ends of the plurality of heat exchanger pipes
are bentin directions perpendicular to both of the flowing
direction of the fluids and the stacking direction. The plu-
rality of heat exchanger pipes form parallel flow channels,
together with an inlet header and an outlet header.
[0004] One of the inlet header and the outlet header is
constituted by a tubular header, and the plurality of heat
exchanger pipes which form the parallel flow channels
are bundled and are connected to the tubular header
such that the pipe axis direction of the tubular header is
perpendicular to the flowing direction of the fluids in the
heatexchanger pipes (for example, see Patent Literature

1).
Citation List
Patent Literature
[0005]
Patent Literature 1: WO2007/122685A1 (Page 28,
FIG. 17)
Patent Literature 2: FR 2 859 779 A1
Patent Literature 3: GB 2 447 090 A

Summary of the Invention

Technical Problem

[0006] The heat exchanger disclosed in Patent Litera-
ture 1 is formed in a structure in which heat exchanger
pipes are stacked on each other, thereby implementing
high performance and high efficiency in space utilization.
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On the other hand, however, in this structure, at least
one of the header pipes through which a refrigerant flows
is connected to heat exchanger pipes which are bent in
a direction perpendicular to the stacking direction. Ac-
cordingly, a step of bending the heat exchanger pipes in
the widthwise direction is necessary, and also, a space
which cannot be utilized is increased by the provision of
a header pipe.

[0007] Patent Literature 2 and Patent Literature 3 are
considered to be the closest prior art of the invention
according to independent claim. Patent Literature 2 dis-
closes a multichannel flat tube for a heat exchanger com-
prising a plurality of parallel channels arranged inside a
metal casing for defining a path between at least one
fluid inlet and at least one fluid outlet. Patent Literature
3 discloses heat exchanger headers used in natural gas
liquefaction processes.

[0008] The present invention has been made to solve
the above-described problems. It is an object of the
present invention to obtain a stacked heat exchanger in
which the need to provide a step of bending heat ex-
changer pipes is eliminated and a space which cannot
be utilized because of the provision of a header pipe is
not produced, and also to obtain a heat pump system
having the heat exchanger installed therein.

Solution to Problem

[0009] According to the invention, the problem is
solved by the subject-matter outlined in independent
claim. Advantageous further developments of the inven-
tion are set forth in dependent claims.

[0010] A stacked heat exchanger according to the
present invention includes:

a plurality of first heat exchanger pipes each having
a flat shape and including therein a first refrigerant
flow channel through which a first refrigerant flows;
a plurality of second heat exchanger pipes each hav-
ing aflatshape, the plurality of second heat exchang-
er pipes and the plurality of first heat exchanger pipes
being alternately stacked on each other in the state
in which adjacent first and second heat exchanger
pipes abut against each other, a plurality of second
heat exchanger pipes each including therein a sec-
ond refrigerant flow channel through which a second
refrigerant, having a temperature different from a
temperature of the first refrigerant, flows;

two sets of first communication holes formed to pass
through the first heat exchanger pipes and the sec-
ond heat exchanger pipes so that the first refrigerant
flow channels communicate with each other and so
that the first refrigerant flow channels communicate
with an outside in one of two outermost heat ex-
changer pipes, each of which is one of the plurality
of first heat exchanger pipes or one of the plurality
of second heat exchanger pipes, positioned at both
ends of the stacking structure in a stacking direction;
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two sets of second communication holes formed to
pass through the first heat exchanger pipes and the
second heat exchanger pipes so that the second re-
frigerantflow channels communicate with each other
and so that the second refrigerant flow channels
communicate with an outside in one of the two out-
ermost heat exchanger pipes;

closing means that closes openings formed at both
ends of the first refrigerant flow channel of each of
the plurality of first heat exchanger pipes and the
second refrigerant flow channel of each of the plu-
rality of second heat exchanger pipes in a direction
through which the refrigerants flow;

first blocking means that serves as a block such that
the first communication holes formed in each of the
second heat exchanger pipes do not communicate
with the second refrigerant flow channel; and
second blocking means that serves as a block such
thatthe second communication holes formedin each
ofthe firstheat exchanger pipes do not communicate
with the first refrigerant flow channel, wherein two of
the first communication holes formed in the outer-
most heat exchanger pipes and allowing the refrig-
erant flow channels within the outermost heat ex-
changer pipes to communicate with the outside
serve as an inlet and an outlet of the first refrigerant,
two of the second communication holes formed in
the outermost heat exchanger pipes and allowing
the refrigerant flow channels within the outermost
heat exchanger pipes to communicate with the out-
side serve as an inlet and an outlet of the second
refrigerant, heat exchange between the first refrig-
erant and the second refrigerant is performed on
abutting surfaces of the first heat exchanger pipes
and the second heat exchanger pipes, the closing
means includes a heat-exchanger-pipe fitting portion
through which a fitting-portion communication hole
is formed, the heat-exchanger-pipe fitting portion is
fitinto part of each of the first refrigerant flow chan-
nels and part of each of the second refrigerant flow
channels, the first blocking means is constituted by
the heat-exchanger-pipe fitting portion which is fit
into each of the second refrigerant flow channels,
and the fitting-portion communication hole of each
of the heat-exchanger-pipe fitting portion communi-
cates with the associated one of the first communi-
cation holes, and the second blocking means is con-
stituted by the heat-exchanger-pipe fitting portion
which is fit into each of the first refrigerant flow chan-
nels, and the fitting-portion communication hole of
each of the heat-exchanger-pipe fitting portion com-
municates with the associated one of the second
communication holes.

Advantageous Effects of the Invention

[0011] According to the present invention, first refrig-
erant flow channels of first heat exchanger pipes are
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caused to communicate with each other through the use
of a first port, which is an inlet of a first refrigerant, and
second refrigerant flow channels of second heat ex-
changer pipes are caused to communicate with each oth-
er through the use of a second port, which is an inlet of
a second refrigerant. With this configuration, the provi-
sion of a header pipe is made unnecessary, and thus, a
space which cannot be utilized can be eliminated, and
the entire stacked heat exchanger can be formed in a
compact size.

Brief Description of the Drawings

[0012]

FIG. 1

FIG. 2

FIG. 3

FIG. 4

FIG. 5

FIG. 6

FIG. 7

FIG. 8

FIG. 9

FIG. 10

is a perspective view illustrating a heat ex-
changer 10, which is a stacked heat exchang-
er according to Embodiment 1 of the present
invention.

is a drawing comprising three views consti-
tuted by a top view, a sectional view taken
along line A-A of the top view, and a side view
of the heat exchanger 10, which is a stacked
heat exchanger according to Embodiment 1
of the present invention.

is a drawing comprising three views illustrat-
ing a capping 8 which is fit into a heat-ex-
changer-pipe end portion of the heat ex-
changer 10, which is a stacked heat exchang-
er according to Embodiment 1 of the present
invention.

is a sectional view of a principal portion of
heat exchanger pipes, illustrating the config-
uration of the heat exchanger 10, which is a
stacked heatexchanger according to Embod-
iment 1 of the present invention.

shows views of a manufacturing method of
the heat exchanger 10, which is a stacked
heat exchanger according to Embodiment 1
of the present invention.

is a perspective view illustrating a heat ex-
changer 10a, which is a stacked heat ex-
changer according to Embodiment 2 not form-
ing part of the present invention.

is a drawing comprising three views consti-
tuted by a top view, a sectional view taken
along line B-B of the top view, and a side view
of the heat exchanger 10a, which is a stacked
heat exchanger according to Embodiment 2.
shows views of a manufacturing method of
the beat exchanger 10a, which is a stacked
heat exchanger according to Embodiment 2.
shows sectional views of heat exchanger
pipes of a stacked heat exchanger according
to Embodiment 3 of the present invention.

is a diagram illustrating a heat pump system
according to Embodiment 4 of the present in-
vention utilizing heating energy of a heat ex-
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changer.

is a diagram illustrating another mode of the
heat pump system according to Embodiment
4 of the present invention.

is a diagram illustrating another mode of the
heat pump system according to Embodiment
4 of the present invention.

is a diagram illustrating another mode of the
heat pump system according to Embodiment
4 of the present invention.

FIG. 11

FIG. 12

FIG. 13

Description of Embodiments

Embodiment 1

Structure of Heat Exchanger 10

[0013] FIG. 1 is a perspective view illustrating a heat
exchanger 10, which is a stacked heat exchanger ac-
cording to Embodiment 1 of the present invention. FIG.
2 is a drawing comprising three views constituted by a
top view, a sectional view taken along line A-A of the top
view, and a side view of the heat exchanger 10. FIG 3 is
a drawing comprising three views illustrating a capping
8 which is fit into a heat-exchanger-pipe end portion of
the heat exchanger 10.

[0014] The configuration of the heat exchanger 10,
which is a stacked heat exchanger according to Embod-
iment 1, will be described below with reference to FIGs.
1 to 3. The following description will be given in accord-
ance with the top, down, right, and left directions in FIG. 1.
[0015] AsshowninFIGs. 1 and 2, the heat exchanger
10 is configured such that a plurality of rectangular first
heatexchanger pipes 1 and a plurality of rectangular sec-
ond heat exchanger pipes 2 are alternately stacked on
each other. The first and second heat exchanger pipes
1 and 2 each have a refrigerant flow channel having a
rectangular cross section through which a refrigerant
flows.

[0016] The first and second heat exchanger pipes 1
and 2 have substantially the same length in a direction
in which refrigerants flow through the refrigerant flow
channels and also have substantially the same width in
the widthwise direction of the refrigerant flow channels.
[0017] Among the refrigerant flow channels, rectangu-
lar refrigerant flow channels which pass through first heat
exchanger pipe end portions 5 positioned at both ends
of the first heat exchanger pipes 1 are referred to as first
refrigerantflow channels 1a, while rectangular refrigerant
flow channels which pass through second heat exchang-
er pipe end portions 6 positioned at both ends of the
second heat exchanger pipes 2 are referred to as second
refrigerant flow channels 2a. The first refrigerant flow
channels 1a positioned at the first heat exchanger pipe
end portions 5 and the second refrigerant flow channels
2a positioned at the second heat exchanger pipe end
portions 6 are each closed by a capping 8.

[0018] AsshowninFIG. 3, the capping 8 has a rectan-
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gular heat-exchanger-pipe fitting portion 8a which is ver-
tically provided on one surface of the capping 8. The heat-
exchanger-pipe fitting portion 8a is vertically provided in
such a manner that it is displaced toward one side from
the center in the longitudinal direction of the capping 8.
[0019] When closing the first and second refrigerant
flow channels 1aand 2a positioned at the firstand second
heat exchanger pipe end portions 5 and 6, respectively,
with the covers 8, the heat-exchanger-pipe fitting portions
8a are fit into the first and second refrigerant flow chan-
nels 1a and 2a.

[0020] Inthiscase, the heat-exchanger-pipe fitting por-
tions 8a which will be fit into the first refrigerant flow chan-
nels 1a positioned at the first beat exchanger end portions
5 are fit into the first refrigerant flow channels 1a such
that they are all displaced toward the same side from the
center in the longitudinal direction of the capping 8.
[0021] In contrast, the heat-exchanger-pipe fitting por-
tions 8a which will be fit into the second refrigerant flow
channels 2a positioned at the second heat exchanger
end portions 6 are fit into the second refrigerant flow
channels 2a such that they are all displaced from the
centerin the longitudinal direction of the capping 8 toward
the side opposite to the side in which the heat-exchanger-
pipe fitting portions 8a are fit into the first refrigerant flow
channels 1a.

[0022] The first and second heat exchanger pipes 1
and 2 have substantially the same length in a direction
in which refrigerants flow through the refrigerant flow
channels and also have substantially the same width in
the widthwise direction of the refrigerant flow channels.
However, the first and second heat exchanger pipes 1
and 2 are not restricted to this configuration, and may
have different lengths and different widths.

[0023] The capping 8 and the heat exchanger 10 re-
spectively correspond to "closing means" and "a stacked
heat exchanger" of the present invention. The heat-ex-
changer-pipe fitting portions 8a fit into the second refrig-
erant flow channels 2a and the heat-exchanger-pipe fit-
ting portions 8a fit into the first refrigerant flow channels
1a respectively correspond to "first blocking means" and
"second blocking means" of the present invention.
[0024] As shownin FIGs. 1 and 2, on the top surface
of the topmost heat exchanger pipe (the first heat ex-
changer pipe 1in FIGs. 1 and 2) of the stacking structure
of the first and second heat exchanger pipes 1 and 2,
tubular first ports 3 and tubular second ports 4 are brazed
with a brazing filler material 21 made of, for example, an
aluminum-silicon alloy. The first ports 3 communicate
with the first refrigerant flow channels 1a of the first heat
exchanger pipes 1, and the second ports 4 communicate
with the second refrigerant flow channels 2a of the sec-
ond heat exchanger pipes 2.

[0025] This will be discussed later. One first port 3 is
provided at a refrigerant inlet and the other first port 3 is
provided at a refrigerant outlet. One second port 4 is pro-
vided at the refrigerant inlet and the other second port 4
is provided at the refrigerant outlet. The first and second
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ports 3 and 4 are connected to, for example, a refrigerant
circuit, disposed in a heat pump system.

[0026] As shown in FIGs. 1 and 2, the topmost heat
exchanger pipe of the stacking structure of the heat ex-
changer pipes is a first heat exchanger pipe 1. However,
the stacking structure is not restricted to this configura-
tion, and needless to say, a second heat exchanger pipe
2 may be used as the topmost heat exchanger pipe of
the stacking structure.

[0027] AsshowninFIGs. 1 and 2, the first and second
ports 3and 4 are provided on the topmost heat exchanger
pipe of the stacking structure of the heatexchanger pipes.
However, the stacking structure is not restricted to this
configuration, and instead of providing the first and sec-
ond ports 3 and 4, communication holes formed in the
topmost heat exchanger pipe may be used as connection
ports, and pipes of, for example, a refrigerant circuit, in
a heat pump system may be directly connected to these
connection ports.

[0028] A description will now be given, with reference
to FIGs. 2 and 3, of a structure in which the first port 3
and the first refrigerant flow channels 1a of the stacked
first heat exchanger pipes 1 communicate with each oth-
er, and a structure in which the second port 4 and the
second refrigerant flow channels 2a of the stacked sec-
ond heat exchanger pipes 2 communicate with each oth-
er. Part (a) of FIG. 2 is a top view of the heat exchanger
10 according to Embodiment 1, part (b) of FIG. 2 is a
sectional view taken along line A-A of part (a) of FIG. 2,
and part (c) of FIG. 2 is a side view of the heat exchanger
10.

[0029] As shownin part (b) of FIG. 2, first communica-
tion holes 3a pass through the top and bottom surfaces
of the topmost first heat exchanger pipe 1, and the first
port 3 communicates with the first refrigerant flow chan-
nel 1a through the first communication hole 3a formed
on the top surface of the first heat exchanger pipe 1. The
first communication hole 3aformed on the bottom surface
of the first heat exchanger pipe 1 communicates with a
first communication hole 3b formed through the top sur-
face of the second heat exchanger pipe 2 positioned right
under this first heat exchanger pipe 1. Here, the above-
stated heat-exchanger-pipe fitting portion 8a of the cap-
ping 8 is fit into the second refrigerant flow channel 2a
of the second heat exchanger pipe 2 which communi-
cates with this first communication hole 3b. However, as
shown in FIG. 3, a communication hole 8b is formed
through the heat-exchanger-pipe fitting portion 8a. This
communication hole 8b and the first communication hole
3bformed onthe top surface of the second heat exchang-
er pipe 2 communicate with each other, and these holes
also communicate with a first communication hole 3b
formed through the bottom surface of the second heat
exchanger pipe 2. Further, as in the topmost first heat
exchanger pipe 1, first communication holes 3a pass
through the top and bottom surfaces of the first heat ex-
changer pipe 1 positioned right under this second heat
exchanger pipe 2. The first communication hole 3b
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formed on the bottom surface of the second heat ex-
changer pipe 2 positioned right above this first heat ex-
changer pipe 1 communicates with the first refrigerant
flow channel 1a through the first communication hole 3a
formed on the top surface of this first heat exchanger
pipe 1.

[0030] That s, the first port 3 communicates with the
first refrigerant flow channel 1a of the topmost first heat
exchanger pipe 1, and this first refrigerant flow channel
1a communicates with, via the second heat exchanger
pipe 2 positioned immediately under this first refrigerant
flow channel 1a, the first refrigerant flow channel 1a of
the first heat exchanger pipe 1 under the second heat
exchanger pipe 2. The lower layers of the firstand second
heat exchanger pipes 1 and 2 have a structure similar to
the above-described structure. Thatis, the first port 3 and
the first refrigerant flow channels 1a of the first heat ex-
changer pipes 1 sequentially communicate with each oth-
er, but they are shielded from the second refrigerant flow
channels 2a of the second heat exchanger pipes 2 by
the provision of the heat-exchanger-pipe fitting portions
8a of the covers 8. However, a first communication hole
3a is formed only on the top surface of the bottommost
first heat exchanger pipe 1 (the second bottommost heat
exchanger pipein part (b) of FIG. 2) of the stacking struc-
ture of the first and second heat exchanger pipes 1 and
2. In this structure, a refrigerant flowing from one of the
two first ports 3 (hereinafter referred to as a "first refrig-
erant") flows through the first refrigerant flow channels
la of the first heat exchanger pipes 1 of the stacking struc-
ture and flows out of the other first port 3.

[0031] Second communication holes 4a pass through
the top and bottom surfaces of the topmost first heat ex-
changer pipe 1, and the second port 4 communicates
with the first refrigerant flow channel 1a through the sec-
ond communication hole 4a formed on the top surface
of the first heat exchanger pipe 1. Here, the above-stated
heat-exchanger-pipe fitting portion 8a of the capping 8
is fit into the first refrigerant flow channel 1a of the first
heat exchanger pipe 1 which communicates with this sec-
ond communication hole 4a. However, as shown in FIG.
3, the communication hole 8b is formed through the heat-
exchanger-pipe fitting portion 8a. This communication
hole 8b and the second communication hole 4a formed
on the top surface of the first heat exchanger pipe 1 com-
municate with each other, and these holes also commu-
nicate with a second communication hole 4a formed
through the bottom surface of the first heat exchanger
pipe 1. Further, second communication holes 4b pass
through the top and bottom surfaces of the second heat
exchanger pipe 2 positioned right under this first heat
exchanger pipe 1. The second communication hole 4a
formed on the bottom surface of the first heat exchanger
pipe 1 positioned right above this second heat exchanger
pipe 2 communicates with the second refrigerant flow
channel 2a through the second communication hole 4b
formed on the top surface of this second heat exchanger
pipe 2. The second communication hole 4b formed on
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the bottom surface of the second heat exchanger pipe 2
communicates with a second communication hole 4a
formed through the top surface of the first heat exchanger
pipe 1 positioned right under this second heat exchanger
pipe 2. As in the above-described case, the heat-ex-
changer-pipe fitting portion 8a of the capping 8 is fit into
the first refrigerant flow channel 1a of the first heat ex-
changer pipe 1 which communicates with this second
communication hole 4a, and the communication hole 8b
is formed in and passes through the heat-exchanger-pipe
fitting portion 8a. This communication hole 8b and the
second communication hole 4a formed on the top surface
of the first heat exchanger pipe 1 communicate with each
other, and these holes also communicate with a second
communication hole 4a formed through the bottom sur-
face of the first heat exchanger pipe 1. Further, second
communication holes 4b pass through the top and bottom
surfaces of the second heat exchanger pipe 2 positioned
right under this first heat exchanger pipe 1. The second
communication hole 4a formed on the bottom surface of
the first heat exchanger pipe 1 positioned right above this
second heat exchanger pipe 2 communicates with the
second refrigerant flow channel 2a through the second
communication hole 4b formed on the top surface of this
second heat exchanger pipe 2.

[0032] That is, the second port 4 communicates with
the second refrigerant flow channel 2a of the second heat
exchanger pipe 2 immediately under the topmost first
heat exchanger pipe 1, and this second refrigerant flow
channel 2a communicates with, via the first heat ex-
changer pipe 1 positioned immediately under this second
refrigerant flow channel 2a, the second refrigerant flow
channel 2a of the second heat exchanger pipe 2 under
this first heat exchanger pipe 1. The lower layers of the
first and second heat exchanger pipes 1 and 2 have a
structure similar to the above-described structure. That
is, the second port4 and the second refrigerant flow chan-
nels 2a of the second heat exchanger pipes 2 sequen-
tially communicate with each other, but they are shielded
from the first refrigerant flow channels 1a of the first heat
exchanger pipes 1 by the provision of the heat-exchang-
er-pipe fitting portions 8a of the covers 8. However, a
second communication hole 4b is formed only on the top
surface of the bottommost second heat exchanger pipe
1 (the bottommost heat exchanger pipe in part (b) of FIG.
2) of the stacking structure of the first and second heat
exchanger pipes 1 and 2. In this structure, a refrigerant
flowing from one of the two second ports 4 (hereinafter
referred to as a "second refrigerant") flows through the
second refrigerant flow channels 2a of the second heat
exchanger pipes 2 of the stacking structure and flows out
of the other second port 4.

[0033] The stacking structure of the first and second
heat exchanger pipes 1 and 2 is configured, as shown in
FIG. 1, such that four first heat exchanger pipes 1 and
four second heat exchanger pipes 2 are alternately
stacked on each other. However, the stacking structure
is not restricted to this configuration, and any number of
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first heat exchanger pipes 1 and second heat exchanger
pipes 2 may be alternately stacked on each other.
[0034] Additionally, the number of first heat exchanger
pipes 1 and the number of second heat exchanger pipes
2 stacked on each other do not have to be the same. For
example, the number of first heat exchanger pipes 1 may
be smaller than or may be larger than the number of
second heat exchanger pipes 2 by one.

[0035] As shownin part (b) of FIG. 2, the first and sec-
ond refrigerant flow channels 1a and 2a having a rectan-
gular cross section are formed in the first and second
heat exchanger pipes, respectively. However, the cross
section of the first and second refrigerant flow channels
1a and 2a is not restricted to a rectangular shape, and
may be formed in another shape, such as an elliptical
shape.

[0036] As shown in FIG. 3, the heat-exchanger-pipe
fitting portion 8a is formed in a rectangular shape. How-
ever, the heat-exchanger-pipe fitting portion 8a is not re-
stricted to this shape, and may be formed in a different
shape as long as the communication hole 8b can be
formed in the heat-exchanger-pipe fitting portion 8a.
[0037] As shownin FIGs. 1 and 2, the top surfaces of
the first and second heat exchanger pipes 1 and 2 are
formed in a rectangular shape. However, they are not
restricted to this shape. For example, the four corners of
the rectangular shape may be rounded, or the top sur-
faces of the first and second heat exchanger pipes 1 and
2 may be formed, for example, in a parallelogram. Alter-
natively, the configurations may be changed appropri-
ately depending on the position of the heat exchanger
10 installed in, for example, a heat pump system.
[0038] As shown in FIG. 2, the first communication
holes 3a formed in the first heat exchanger pipes 1, the
first communication holes 3b formed in the second heat
exchanger pipes 2, and the communication holes 8b of
the heat-exchanger-pipefitting portions 8afitinto the sec-
ond refrigerant flow channels 2a have the same diameter
and are formed concentrically in the stacking direction.
[0039] However, these holes are not restricted to this
configuration. Instead, they may be formed such that they
do not have the same diameter or such that they are not
concentric in the stacking direction, and they may be
formed in any manner as long as the first refrigerant flow
channels 1a of the first heat exchanger pipes 1 can com-
municate with each other.

[0040] Also, the second communication holes 4a
formed in the first heat exchanger pipes 1, the second
communication holes 4b formed in the second heat ex-
changer pipes 2, and the communication holes 8b of the
heat-exchanger-pipe fitting portions 8a fit into the first
refrigerant flow channels 1a have the same diameter and
are formed concentrically in the stacking direction.
[0041] Similarly, however, these holes are not restrict-
edtothis configuration. Instead, they may be formed such
that they do not have the same diameter or such that
they are not concentric in the stacking direction, and they
may be formed in any manner as long as the second
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refrigerant flow channels 2a of the second heat exchang-
er pipes 2 can communicate with each other. Additionally,
the above-described holes are not restricted to a circular
shape, and may be formed in another shape, such as a
rectangular shape.

[0042] The communication hole 8b corresponds to a
"fitting-portion communication hole" of the present inven-
tion.

Manufacturing Method for Heat Exchanger 10

[0043] FIG. 4 is a sectional view illustrating a principal
portion of the heat exchanger 10, which is a stacked heat
exchanger according to Embodiment 1 of the present
invention. FIG. 5 shows views of amanufacturing method
of the beat exchanger 10.

[0044] The first and second heat exchanger pipes 1
and 2 of the heat exchanger 10 of Embodiment 1 shown
in FIGs. 1 and 2 are manufactured in the following man-
ner. The first and second heat exchanger pipes 1 and 2
are made of a material having a high thermal conductivity,
such as an aluminum alloy, copper, stainless, or the like.
A sheetis bended by means of, for example, roll-forming,
and then, joints, which are both ends of this sheet, are
electric-resistance welded (welded). Alternatively, a cyl-
inder is processed by means of roll-forming or press-
forming or is processed by means of extrusion forming
or pultrusion forming.

[0045] In the stacking structure of the first and second
heat exchanger pipes 1 and 2 shown in FIG. 4, the first
and second heat exchanger pipes 1 and 2 are bonded
to each other at their abutting surfaces by means of braz-
ing utilizing a brazing filler material 21 made of, for ex-
ample, an aluminum-silicon alloy.

[0046] Asshownin part(a)of FIG. 5, as stated above,
the heat-exchanger-pipe fitting portions 8a of the capping
8 are fit into openings of the first refrigerant flow channels
1a positioned at the first heat transfer pipe end portions
5 at both ends of the first heat exchanger pipes 1 and
into openings of the second refrigerant flow channels 2a
positioned at the second heat transfer pipe end portions
6 at both ends of the second heat exchanger pipes 2,
thereby closing the openings by the covers 8.

[0047] Inthiscase,the heat-exchanger-pipe fitting por-
tions 8a are brazed to the inner surfaces of the first re-
frigerantflow channels 1a and the second refrigerant flow
channels 2a by using a brazing filler material 21, and
also, the bonding surfaces of the first and second heat
exchanger pipe end portions 5 and 6 and the covers 8
are bonded to each other by means of brazing utilizing
a brazing filler material 21.

[0048] With this configuration, refrigerants do not leak
from the first and second heat exchanger pipe end por-
tions 5 and 6. Additionally, by brazing the heat-exchang-
er-pipe fitting portions 8a to the inner surfaces of the first
and second refrigerant flow channels 1a and 2a, the first
refrigerant flow channels 1a and the second refrigerant
flow channels 2a are preventing from communicating
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with each other, and thus, the first refrigerant flowing
through the first refrigerant flow channels 1a and the sec-
ond refrigerant flowing through the second refrigerant
flow channels 2a are not mixed with each other.

[0049] Asshownin part(b)ofFIG.5, onthe top surface
of the first heat exchanger pipe 1 which is the topmost
heat exchanger pipe of the stacking structure of the first
and second heat exchanger pipes 1 and 2, two tubular
first ports 3 and two tubular second ports 4 are provided
by means of brazing with a brazing filler material (not
shown).

[0050] Then, as stated above, the first ports 3 are con-
figured such that they communicate with all the first re-
frigerant flow channels 1a of the first heat exchanger
pipes 1, and the second ports 4 are configured such that
they communicate with all the second refrigerant flow
channels 2a of the second heat exchanger pipes 2.
[0051] By using the above-described method, the heat
exchanger 10, which is a stacked heat exchanger, is fab-
ricated.

Heat Exchange Operation of Heat Exchanger 10

[0052] The heat exchanger 10, which is a stacked heat
exchanger according to Embodiment 1, is installed in a
heat pump system utilizing heating energy or cooling en-
ergy. For example, in the case of an operation utilizing
heating energy, a heat exchange operation is performed
as follows, A high-temperature first refrigerant flowing
from a refrigerant circuit flows into the heat exchanger
10 through one of the first ports 3, flows through the first
refrigerant flow channels 1a of the first heat exchanger
pipes 1, and then, flows out of the other first port 3. A
second refrigerant flowing from a use side circuit flows
into the heat exchanger 10 through one of the second
ports 4, flows through the second refrigerant flow chan-
nels 2a of the second heat exchanger pipes 2, and then,
flows out of the other second port 4.

[0053] In this case, the first refrigerant and the second
refrigerant flow through the first refrigerant flow channels
1a of the first heat exchanger pipes 1 and the second
refrigerant flow channels 2a of the second heat exchang-
er pipes 2, respectively, in opposite directions or in par-
allel with each other, thereby performing heat exchange
between the first refrigerant and the second refrigerant
at wall surfaces of the first and second heat exchanger
pipes 1 and 2.

[0054] In the heat exchanger 10 according to Embod-
iment 1, the flow channel area of the first refrigerant flow
channels 1a of the first heat exchanger pipes 1 and the
flow channel area of the second refrigerant flow channels
2a of the second heat exchanger pipes 2 do not neces-
sarily have to be the same.

[0055] If there is a difference in the thermal physical
property value, such as specific heat or density, the flow
rate, pressure conditions, or cleanliness level between
the first refrigerant and the second refrigerant, the flow
channel area may be made different between the first
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refrigerant flow channels 1a and the second refrigerant
flow channels 2a.

[0056] Forexample,ifacarbon dioxide orfluorocarbon
refrigerant is used as the first refrigerant, and if, for ex-
ample, tap water which is not subjected to sufficient water
quality control, is used as the second refrigerant, the flow
channel area of the second refrigerant flow channels 2a
may be made larger than that of the first refrigerant flow
channels 1a in order to improve beat exchange perform-
ance or to inhibit an increase in a pressure drop caused
by the adhesion of scale to the inner surfaces of the re-
frigerant flow channels.

Advantages of Embodiment 1

[0057] The heat exchanger disclosed in Patent Litera-
ture 1 has a space which cannot be utilized because of
the provision of a header pipe used for distributing a re-
frigerant over heat exchanger pipes, thereby decreasing
efficiency in space utilization. However, as in the above-
described configuration, the first refrigerant flow chan-
nels 1a of the first heat exchanger pipes 1 communicate
with each other through the first ports 3, while the second
refrigerant flow channels 2a of the second heat exchang-
er pipes 2 communicate with each other through the use
of the second ports 4. Accordingly, it is not necessary to
provide a header pipe, thereby making it possible to elim-
inate a space which cannot be utilized and to form the
entire heat exchanger 10 in a compact size.

[0058] In the heat exchanger disclosed in Patent Lit-
erature 1, it is necessary to bend heat exchanger pipes
bonded to the header pipe. However, concerning the heat
exchanger pipes (first and second heat exchanger pipes
1 and 2) of the heat exchanger 10 according to Embod-
iment 1, bending is not necessary, and only hole drilling
is sufficient, thereby implementing high machinability,
[0059] By alternately stacking the first heat exchanger
pipes 1 and the second heat exchanger pipes 2 on each
other, heat exchange efficiency between the first refrig-
erant and the second refrigerant can be improved. More-
over, by setting the lengths of the first heat exchanger
pipes 1 and the second heat exchanger pipes 2 in a di-
rection in which refrigerants flow through their refrigerant
flow channels to be substantially the same and by setting
the widths of the first heat exchanger pipes 1 and the
second heat exchanger pipes 2 in the widthwise direction
of the refrigerant flow channels to be substantially the
same, heat exchange between the first refrigerant and
the second refrigerantcan be more effectively performed,
and also, the entire heat exchanger 10 can be formed in
a compact size.

[0060] On the top surface ofthe topmostheatexchang-
er pipe (the first heat exchanger pipe 1 in FIGs. 1 and 2)
of the stacking structure of the heat exchanger 10, the
two first ports 3 are disposed at positions diagonal to
each other and the two second ports 4 are disposed at
positions diagonal to each other near the covers 8 which
are provided at the ends of the refrigerant flow channels
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of the heat exchanger pipes.

[0061] Accordingly, the flow channel lengths of the first
and second refrigerant flow channels 1a and 2a through
which refrigerants flow can be substantially maximized,
thereby further enhancing heat exchange efficiency be-
tween the first refrigerant and the second refrigerant.
[0062] However, the positions of the first ports 3 and
the second ports 4 are not restricted to the above-de-
scribed positions, and may be changed appropriately de-
pending on the position of the heat exchanger 10 installed
in, for example, a heat pump system. In this case, it is
necessary that the first ports 3 communicate with the
communication holes 8b of the heat-exchanger-pipe fit-
ting portions 8a fit into the second refrigerant flow chan-
nels 2a and that the second ports 4 communicate with
the communication holes 8b of the heat-exchanger-pipe
fitting portions 8a fit into the first refrigerant flow channels
1a.

[0063] As shownin FIGs. 1 and 2, the two first ports 3
and the two second ports 4 are disposed on the top sur-
face of the topmost heat exchanger pipe of the stacking
structure of the heat exchanger 10. However, the posi-
tions of the first and second ports 3 and 4 are not restrict-
ed. For example, one of the two first ports 3 may be dis-
posed on the top surface of the topmost heat exchanger
pipe of the stacking structure, while the other first port 3
may be disposed on the bottom surface of the bottom-
most heat exchanger pipe of the stacking structure.
[0064] As in the two first ports 3, the positions of the
two second ports 4 are not restricted, either. Moreover,
the first ports 3 and the second ports 4 do not have to be
disposed on the same surface. For example, the two first
ports 3 may be disposed on the top surface of the topmost
heat exchanger pipe of the stacking structure, while the
two second ports 4 may be disposed on the bottom sur-
face of the bottommost heat exchanger pipe of the stack-
ing structure.

[0065] By brazing the heat-exchanger-pipe fitting por-
tions 8a to the inner surfaces of the first and second re-
frigerant flow channels 1a and 2a, the firstrefrigerant flow
channels 1a and the second refrigerant flow channels 2a
are shielded from each other and do not communicate
with each other, and thus, the first refrigerant flowing
through the first refrigerant flow channels 1a and the sec-
ond refrigerant flowing through the second refrigerant
flow channels 2a can be prevented from being mixed with
each other.

Embodiment 2

Structure of Heat Exchanger 10a

[0066] FIG. 6 is a perspective view illustrating a heat
exchanger 10a, which is a stacked heat exchanger ac-
cording to Embodiment 2, which does not form part of
the present invention.

[0067] FIG. 7 is a three-view drawing constituted by a
top view, a sectional view taken along line B-B of the top
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view, and a side view of the heat exchanger 10a. The
configuration of the heat exchanger 10a, which is a
stacked heat exchanger according to Embodiment 2, will
be described below with reference to FIGs. 6 and 7 by
focusing on points different from those of the configura-
tion of the heat exchanger 10 according to Embodiment 1.
[0068] AsshowninFIGs. 6 and 7, the heat exchanger
10a is configured such that a plurality of rectangular first
heatexchanger pipes 1 and a plurality of rectangular sec-
ond heat exchanger pipes 2 are alternately stacked on
each other. The first and second heat exchanger pipes
1 and 2 each have a refrigerant flow channel having a
rectangular cross section through which a refrigerant
flows. The first and second heat exchanger pipes 1 and
2 have substantially the same length in a direction in
which refrigerants flow through the refrigerant flow chan-
nels and also have substantially the same width in the
widthwise direction of the refrigerant flow channels.
[0069] Among the refrigerant flow channels, rectangu-
lar refrigerant flow channels which pass through first heat
exchanger pipe end portions 5 positioned at both ends
of the first heat exchanger pipes 1 are referred to as first
refrigerantflow channels 1a, while rectangular refrigerant
flow channels which pass through second heat exchang-
er pipe end portions 6 positioned at both ends of the
second heat exchanger pipes 2 are referred to as second
refrigerant flow channels 2a.

[0070] The first and second heat exchanger pipes 1
and 2 have substantially the same length in a direction
in which refrigerants flow through the refrigerant flow
channels and also have substantially the same width in
the widthwise direction of the refrigerant flow channels.
However, the first and second heat exchanger pipes 1
and 2 are not restricted to this configuration, and may
have different lengths and different widths.

[0071] The heat exchanger 10a corresponds to "a
stacked heat exchanger" not forming part of the present
invention.

[0072] The first heat exchanger pipe 1 has a pressed
portion 9ain an area having a predetermined length from
the first heat exchanger pipe end portion 5 toward inward
of the first heat exchanger pipe 1. As viewed from the
penetrating direction of the first refrigerant flow channel
1a, the pressed portion 9a is formed by pressing, in the
vertical direction in FIG. 6, a portion from one end to a
point on the way to the other end in the longitudinal di-
rection of the first refrigerant flow channel 1a.

[0073] By the provision of this pressed portion 9a, part
of the opening of the first refrigerant flow channel 1a is
closed. In the first heat exchanger pipe end portion 5
positioned opposite to the first heat exchanger pipe end
portion 5 in which this pressed portion 9 is formed, an-
other pressed portion 9a is formed in a similar manner.
In this case, the two pressed portions 9a are formed at
positions diagonal to each other, as viewed from the top
surface of the first heat exchanger pipe 1.

[0074] A central portion sandwiched between the two
pressed portions 9a of the first heat exchanger pipe 1 is
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pressed in the vertical direction in FIG. 6 to such a degree
as not to press and eliminate the first refrigerant flow
channel 1a inside the first heat exchanger pipe 1. As a
result, the other end which has not been pressed when
forming the pressed portion 9a projects to a level higher
than the central portion, thereby forming a projecting por-
tion 9b.

[0075] This projecting portion 9b is formed for each of
the two pressed portions 9a, and the two projecting por-
tions 9b are disposed at positions diagonal to each other,
as viewed from the top surface of the first heat exchanger
pipe 1. In a manner similar to the first heat exchanger
pipe 1, concerning the second heat exchanger pipe 2, a
pressed portion 9c and a projecting portion 9d are formed
at each side of the second heat exchanger pipe end por-
tions 6. As stated above, part of the opening of the first
refrigerant flow channel 1a of the first heat exchanger
pipe 1 is closed by the pressed portion 9a.

[0076] However, the first refrigerant flow channel 1a
corresponding to the projecting portion 9b is opened, and
inside of this opening, a first refrigerant auxiliary flow
channel 1b which communicates with the first refrigerant
flow channel 1a is formed.

[0077] Similarly, part of the opening of the second re-
frigerant flow channel 2a of the second heat exchanger
pipe 2 is closed by the pressed portion 9c, while the sec-
ond refrigerant flow channel 2a corresponding to the pro-
jecting portion 9d is opened, and inside of this opening,
asecond refrigerant auxiliary flow channel 2b which com-
municates with the second refrigerant flow channel 2a is
formed,

[0078] Concerning the stacking structure of the first
heat exchanger pipes 1 and the second heat exchanger
pipes 2, the first heat exchanger pipe 1 and the second
heat exchanger pipe 2 are stacked on each other such
that the pressed portion 9a of the first heat exchanger
pipe 1 and the projecting portion 9d of the second heat
exchanger pipe 2 overlap each other and such that the
projecting portion 9b of the first heat exchanger pipe 1
and the pressed portion 9c of the second heat exchanger
pipe 2 overlap each other. In this case, the pressed por-
tion 9a and the projecting portion 9d are brazed to each
other by using a brazing filler material 21, and similarly,
the projecting portion 9b and the pressed portion 9c are
brazed to each other by using a brazing filler material 21.
[0079] As shownin FIGs. 6 and 7, on the top surfaces
of the projecting portions 9b formed at both ends (the
first heat exchanger pipe end portions 5 in FIGs. 6 and
7) of the topmost heat exchanger pipe (the first heat ex-
changer 1 in FIGs. 6 and 7) of the stacking structure of
the firstand second heat exchanger pipes 1 and 2, tubular
first ports 3 which communicate with the first refrigerant
auxiliary flow channels 1b, which will be discussed later,
are brazed by using a brazing filler material 21, and on
the top surface of the pressed portions 9a, tubular second
ports 4 which communicate with the second refrigerant
auxiliary flow channels 2b, which will be discussed later,
are brazed by using a brazing filler material 21.
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[0080] One first port 3 is provided at a refrigerant inlet
and the other first port 3 is provided at a refrigerant outlet.
One second port 4 is provided at the refrigerant inlet and
the other second port 4 is provided at the refrigerant out-
let. The first and second ports 3 and 4 are connected to,
for example, arefrigerant circuit, disposed in a heat pump
system.

[0081] A description will now be given, with reference
to FIGs. 6 and 7, of a structure in which the first ports 3
and the first refrigerant flow channels 1a of the stacked
first heat exchanger pipes 1 communicate with each oth-
er and a structure in which the second ports 4 and the
second refrigerant flow channels 2a of the stacked sec-
ond heat exchanger pipes 2 communicate with each oth-
er. Part (a) of FIG. 7 is a top view of the heat exchanger
10a according to Embodiment 2, part (b) of FIG. 7 is a
sectional view taken along line B-B of part (a) of FIG. 7,
and part (c) of FIG. 7 is a side view of the heat exchanger
10a.

[0082] As shownin part (b) of FIG. 7, first communica-
tion holes 3c pass through the top and bottom surfaces
of the projecting portion 9b formed on the topmost first
heat exchanger pipe 1, and the first port 3 communicates
with the first refrigerant auxiliary flow channel 1b formed
inside the projecting portion 9b through the first commu-
nication hole 3¢ formed on the top surface of the project-
ing portion 9b. This first refrigerant auxiliary flow channel
1b communicates with the first refrigerant flow channel
1a of the first heat exchanger pipe 1.

[0083] The first communication hole 3c formed on the
bottom surface of the projecting portion 9b communi-
cates with a first communication hole 3d formed through
the pressed portion 9c of the second heat exchanger pipe
2 positioned right under the projecting portion 9b of the
first heat exchanger pipe 1.

[0084] As stated above, this pressed portion 9c closes
part of the opening of the second refrigerant flow channel
2a of the second heat exchanger pipe 2, and thus, the
first communication hole 3d does not communicate with
the second refrigerant flow channel 2a. Further, as in the
projecting portion 9b formed on the topmost heat ex-
changer pipe 1, first communication holes 3c pass
through the top and bottom surfaces of the projecting
portion 9b of the first heat exchanger pipe 1 positioned
right under the pressed portion 9c of this second heat
exchanger pipe 2.

[0085] The above-described first communication hole
3d communicates with, via the first communication hole
3cformed on the top surface of the projecting portion 9b,
the first refrigerant auxiliary flow channel 1b formed in-
side the projecting portion 9b, and also communicates
with the first refrigerant flow channel 1a of the first heat
exchanger pipe 1.

[0086] That is, the first port 3 communicates with the
first refrigerant flow channel 1a of the topmost first heat
exchanger pipe 1, and this first refrigerant flow channel
1a communicates with, via the second heat exchanger
pipe 2 positioned immediately under this first refrigerant
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flow channel 1a, the first refrigerant flow channel 1a of
the first heat exchanger pipe 1 under the second heat
exchanger pipe 2. The lower layers of the firstand second
heat exchanger pipes 1 and 2 have a structure similar to
the above-described structure.

[0087] That is, the first port 3 and the first refrigerant
flow channels 1a of the first heat exchanger pipes 1 se-
quentially communicate with each other, but they are
shielded from the second refrigerant flow channels 2a of
the second heat exchanger pipes 2 by the provision of
the pressed portions 9c formed in these second heat ex-
changer pipes 2. However, a first communication hole
3cis formed only on the top surface of the pressed portion
9a of the bottommost first heat exchanger pipe 1 (the
second bottommost heat exchanger pipe in part (b) of
FIG. 7) of the stacking structure of the first and second
heat exchanger pipes 1 and 2.

[0088] In this structure, a first refrigerant flowing from
one of the two first ports 3 flows through the first refrig-
erant auxiliary flow channels 1b and the first refrigerant
flow channels 1a of the first heat exchanger pipes 1 of
the stacking structure and flows out of the other first port
3.

[0089] A second communication hole 4c passes
through the pressed portion 9a formed in the topmost
first heat exchanger pipe 1, and the second port 4 com-
municates with this second communication hole 4c. Sec-
ond communication holes 4d are formed on the top and
bottom surfaces of the projecting portion 9d formed on
the second heat exchanger pipe 2 positioned immediate-
ly under the pressed portion 9a of the firstheat exchanger
pipe 1, and the second communication hole 4c of the
pressed portion 9a formed in the first heat exchanger
pipe 1 immediately above this second heat exchanger
pipe 2 communicates with, via the second communica-
tion hole 4d formed on the top surface of this projecting
portion 9d, the second refrigerant auxiliary flow channel
2b formed inside the projecting portion 9d.

[0090] This second refrigerant auxiliary flow channel
2b communicates with the second refrigerant flow chan-
nel 2a of the second heat exchanger pipe 2. The second
communication hole 4d formed on the bottom surface of
the projecting portion 9d communicates with a second
communication hole 4c formed through the pressed por-
tion 9a of the first heat exchanger pipe 1 positioned right
under the projecting portion 9d of the second heat ex-
changer pipe 2.

[0091] Further, second communication holes 4d pass
through the top and bottom surfaces of the projecting
portion 9d of the second heat exchanger pipe 2 posi-
tioned right under the pressed portion 9a of this first heat
exchanger pipe 1. The above-described second commu-
nication hole 4c communicates with, via the second com-
munication hole 4d formed on the top surface of the pro-
jecting portion 9d, the second refrigerant auxiliary flow
channel 2b formed inside the projecting portion 9d, and
also communicates with the second refrigerant flow
channel 2a of the second heat exchanger pipe 2.



19 EP 2 667 136 B1 20

[0092] That is, the second port 4 communicates with
the second refrigerant flow channel 2a of the second heat
exchanger pipe 2 immediately under the topmost first
heat exchanger pipe 1, and this second refrigerant flow
channel 2a communicates with, via the first heat ex-
changer pipe 1 positioned immediately under this second
refrigerant flow channel 2a, the second refrigerant flow
channel 2a of the second heat exchanger pipe 2 under
the first heat exchanger pipe 1. The lower layers of the
first and second heat exchanger pipes 1 and 2 have a
structure similar to the above-described structure.
[0093] That is, the second port 4 and the second re-
frigerant flow channels 2a of the second heat exchanger
pipes 2 sequentially communicate with each other, but
they are shielded from the first refrigerant flow channels
1a of the first heat exchanger pipes 1 by the provision of
the pressed portions 9a formed in these first heat ex-
changer pipes 1. However, a second communication hole
4disformed only on the top surface of the pressed portion
9c of the bottommost second heat exchanger pipe 2 (the
bottommost heat exchanger pipe in part (b) of FIG. 7) of
the stacking structure of the first and second beat ex-
changer pipes 1 and 2.

[0094] In this structure, a second refrigerant flowing
from one of the two second ports 4 flows through the
second refrigerant auxiliary flow channels 2b and the sec-
ond refrigerant flow channels 2a of the second heat ex-
changer pipes 2 of the stacking structure and flows out
of the other second port 4.

[0095] As shown in FIG. 6 and part (b) of FIG. 7, the
first and second refrigerant auxiliary flow channels 1b
and 2b having a rectangular cross section are formed in
the first and second heat exchanger pipes 1 and 2, re-
spectively. However, the cross section of the first and
second refrigerant auxiliary flow channels 1b and 2b is
not restricted to a rectangular shape, and may be formed
in another shape, such as an elliptical shape.

[0096] As shown in FIG. 7, the first communication
holes 3c formed in the projecting portions 9b and the first
communication holes 3d formed in the pressed portions
9chave the same diameter and are formed concentrically
in the stacking direction. However, these holes are not
restricted to this configuration. Instead, they may be
formed such that they do not have the same diameter or
such that they are not concentric in the stacking direction,
and they may be formed in any manner as long as the
firstrefrigerantflow channels 1a of the firstheat exchang-
er pipes 1 can communicate with each other.

[0097] Similarly, the second communication holes 4c
formed in the pressed portions 9a and the second com-
munication holes 4d formed in the projecting portions 9d
have the same diameter and are formed concentrically
in the stacking direction. However, these holes are not
restricted to this configuration. Instead, they may be
formed such that they do not have the same diameter or
such that they are not concentric in the stacking direction,
and they may be formed in any manner as long as the
second refrigerant flow channels 2a of the second heat
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exchanger pipes 2 can communicate with each other.
Additionally, the above-described holes are not restricted
to a circular shape, and may be formed in another shape,
such as a rectangular shape.

Manufacturing Method for Heat Exchanger 10a

[0098] FIG. 8 shows views of a manufacturing method
of the heat exchanger 10a, which is a stacked heat ex-
changer according to Embodiment 2.

[0099] The first and second heat exchanger pipes 1
and 2 of the heat exchanger 10a of Embodiment 2 shown
in FIG. 8 are manufactured in the following manner. The
first and second heat exchanger pipes 1 and 2 are made
of a material having a high thermal conductivity, such as
an aluminum alloy, copper, stainless, or the like.

[0100] A sheet is bended by means of, for example,
roll-forming, and then, joints, which are both ends of this
sheet, are electric-resistance welded (welded). Alterna-
tively, a cylinder is processed by means of roll-forming
or press-forming or is processed by means of extrusion
forming or pultrusion forming.

[0101] Then,inan area having a predetermined length
from the first heat exchanger pipe end portion 5 toward
inward of the first heat exchanger pipe 1, as viewed from
the penetrating direction of the first refrigerant flow chan-
nel 1a, a portion from one end to a point on the way to
the other end in the longitudinal direction of the first re-
frigerant flow channel 1a is pressed in the vertical direc-
tion in FIG. 8, thereby forming the pressed portion 9a.
[0102] By the provision of this pressed portion 9a, part
of the opening of the first refrigerant flow channel 1a is
closed. In the first heat exchanger pipe end portion 5
positioned opposite to the first heat exchanger pipe end
portion 5 in which this pressed portion 9 is formed, an-
other pressed portion 9a is formed in a similar manner.
In this case, the two pressed portions 9a are disposed
at positions diagonal to each other, as viewed from the
top surface of the first heat exchanger pipe 1.

[0103] A central portion sandwiched between the two
pressed portions 9a of the first heat exchanger pipe 1 is
pressed in the vertical direction in FIG. 8 to such a degree
as not to press and eliminate the first refrigerant flow
channel 1a inside the first heat exchanger pipe 1.
[0104] As a result, the other end which has not been
pressed when forming the pressed portion 9a projects to
alevel higher than the central portion, thereby forming a
projecting portion 9b. This projecting portion 9b is formed
for each of the two pressed portions 9a, and the two pro-
jecting portions 9b are disposed at positions diagonal to
each other, as viewed from the top surface of the first
heat exchanger pipe 1.

[0105] In a manner similar to the first heat exchanger
pipe 1, concerning the second heat exchanger pipe 2, a
pressed portion 9c corresponding to the pressed portion
9a and a projecting portion 9d corresponding to the pro-
jecting portion 9b are formed at each side of the second
heat exchanger pipe end portions 6.
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[0106] Atthis stage, the pressed portion 9a closes part
of the opening of the first refrigerant flow channel 1a of
the first heat exchanger pipe 1. In contrast, the first re-
frigerant flow channel 1a corresponding to the projecting
portion 9b is opened, and inside of this opening, the first
refrigerant auxiliary flow channel 1b which communi-
cates with the first refrigerant flow channel 1a is formed.
[0107] Similarly, the pressed portion 9c closes part of
the opening of the second refrigerant flow channel 2a of
the second heat exchanger pipe 2, while the second re-
frigerant flow channel 2a corresponding to the projecting
portion 9d is opened, and inside of this opening, the sec-
ond refrigerant auxiliary flow channel 2b which commu-
nicates with the second refrigerant flow channel 2a is
formed.

[0108] Then, in the state in which the pressed portion
9a and the projecting portion 9b are formed in the first
heat exchanger pipe 1, as stated above, and in the state
in which the pressed portion 9c and the projecting portion
9d are formed in the second heat exchanger pipe 2, as
stated above, a stacking structure of the first beat ex-
changer pipes 1 and the second heat exchanger pipes
2 is formed in the following manner.

[0109] The first heat exchanger pipe 1 and the second
heat exchanger pipe 2 are stacked on each other such
that the pressed portion 9a of the first heat exchanger
pipe 1 and the projecting portion 9d of the second heat
exchanger pipe 2 overlap each other and such that the
projecting portion 9b of the first heat exchanger pipe 1
and the pressed portion 9c of the second heat exchanger
pipe 2 overlap each other.

[0110] In this case, the central portions of the first and
second heat exchanger pipes 1 and 2 are bonded to each
other by brazing utilizing a brazing filler material 21. Then,
the pressed portion 9a and the projecting portion 9d are
brazed to each other by using a brazing filler material 21,
and similarly, the projecting portion 9b and the pressed
portion 9c are brazed to each other by using a brazing
filler material 21.

[0111] As stated above, if a gap is produced between
the pressed portion 9a and the projecting portion 9d or
between the projecting portion 9b and the pressed por-
tion 9c when bonding the central portions of the first and
second heat exchanger pipes 1 and 2, the pressed por-
tion 9a and the projecting portion 9d or the projecting
portion 9b and the pressed portion 9c may be brazed by
filling this gap with a brazing filler material 21.

[0112] Similarly, if a gap is produced between the cen-
tral portions of the first and second heat exchanger pipes
1 and 2 when bonding the pressed portion 9a and the
projecting portion 9d and the projecting portion 9b and
the pressed portion 9c, the central portions of the first
and second heat exchanger pipes 1 and 2 may be brazed
by filling this gap with a brazing filler material 21.
[0113] As shown in part (a) of FIG. 8, the opening of
the projecting portion 9b of the first heat exchanger pipe
1 and the opening of the second projecting portion 9d of
the second heat exchanger pipe 2 are each closed by a
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cover 13. This cover 13 has, as shown in part (a) of FIG.
8, a parallelepiped heat-exchanger-pipe fitting portion
13a which is vertically provided on one surface of the
cover 13.

[0114] When closing the openings of the projecting
portions 9b of the first heat exchanger pipes 1 and the
openings of the projecting portions 9d of the second heat
exchanger pipes 2 with the covers 13, as stated above,
the heat-exchanger-pipe fitting portions 13a of the covers
13 are fit into the openings, and then, the covers 13 are
bonded to the openings by using a brazing filler material
21, thereby closing the openings. With this configuration,
refrigerants do not leak from the openings of the project-
ing portions 9b and 9d.

[0115] Asshownin part(b)of FIG. 8, on the top surface
of each of the projecting portions 9b formed on the first
heat exchanger pipe 1, which is the topmost heat ex-
changer pipe of the stacking structure of the first and
second heat exchanger pipes 1 and 2, a tubular first port
3 is brazed by using a brazing filler material (not shown),
and on the top surface of each of the pressed portions
9a formed on the first heat exchanger pipe 1, a tubular
second port 4 is brazed by using a brazing filler material.
[0116] As stated above, the first ports 3 communicate
with the first refrigerant auxiliary flow channels 1b and
the first refrigerant flow channels 1a of all the first heat
exchanger pipes 1, and the second ports 4 communicate
with the second refrigerant auxiliary flow channels 2b and
the second refrigerant flow channels 2a of all the second
heat exchanger pipes 2.

[0117] By using the above-described method, the heat
exchanger 10a, which is a stacked heat exchanger, is
fabricated.

[0118] The projecting portion 9b of the first heat ex-
changer pipe 1 is formed by pressing a central portion
sandwiched between the two pressed portions 9a of the
first heat exchanger pipe 1 in the vertical direction in FIG.
8 to such a degree as not to press and eliminate the first
refrigerantflow channel 1ainside the firstheat exchanger
pipe 1. However, the formation of the projecting portion
9b is not restricted to the above-described manner.
[0119] When the pressed portion 9a is formed, the
opening of the first refrigerant flow channel 1a, which has
not been closed, positioned at the first heat exchanger
pipe end portion 5 may be expanded from inward to out-
ward, thereby forming the projecting portion 9b. The
same applies to the formation of the projecting portion
9d of the second heat exchanger pipe 2.

[0120] As shown in part (a) of FIG. 8, in the first heat
exchanger pipe 1, the projecting portion 9b is formed
such that it is vertically projected to a level higher than
the central portion sandwiched between the two pressed
portions 9a. However, the projecting portion 9b is not
restricted to this configuration. The projecting portion 9b
may be formed such that it is not vertically projected to
a level higher than the central portion of the first heat
exchanger pipe 1, and instead, the top surface and the
bottom surface of the central portion may be respectively
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formed substantially flush with the top surface and the
bottom surface of the projecting portion 9b.

[0121] The same applies to the formation of the pro-
jecting portion 9d of the second heat exchanger pipe 2.
In this case, when stacking the first heat exchanger pipe
1 and the second heat exchanger pipe 2 on each other,
a gap is produced between the pressed portion 9a and
the projecting portion 9d and between the projecting por-
tion 9b and the pressed portion 9c. However, the pressed
portion 9a and the projecting portion 9d and the projecting
portion 9b and the pressed portion 9c may be bonded to
each other by filling the gaps with a brazing filler material
21.

[0122] As shown in part (a) of FIG. 8, the opening of
the projecting portion 9b of the first heat exchanger pipe
1 and the opening of the projecting portion 9d of the sec-
ond heat exchanger pipe 2 are closed by the covers 13.
However, the configuration in which the openings are
closed is not restricted to this configuration. An end por-
tion of the opening of the projecting portion 9b may be
pressed to cover the opening to such a degree as not to
eliminate the first refrigerant auxiliary flow channel 1b
inside the projecting portion 9b.

[0123] The same applies to the opening of the project-
ing portion 9d of the second heat exchanger pipe 2. With
this configuration, the provision of the covers 13 is not
necessary, thereby making it possible to decrease the
number of parts and to reduce the weight of the heat
exchanger 10a.

[0124] The covers 13 correspond to "closing means"
of the present invention.

Heat Exchange Operation of Heat Exchanger 10a

[0125] The heat exchanger 10a, which is a stacked
heat exchanger according to Embodiment 2, is installed
in a heat pump system utilizing heating energy or cooling
energy. For example, in the case of an operation utilizing
heating energy, a heat exchange operation is performed
as follows.

[0126] Ahigh-temperature first refrigerant flowing from
a refrigerant circuit flows into the heat exchanger 10a
through one of the first ports 3 and further into the first
refrigerant auxiliary flow channels 1b inside the projecting
portions 9b of the first heat exchanger pipes 1, flows
through the first refrigerant flow channels 1a of the first
heat exchanger pipes 1 and the first refrigerant auxiliary
flow channels 1b inside the projecting portions 9b posi-
tioned on the other side, and then, flows out of the other
first port 3.

[0127] A second refrigerant flowing from a use side
circuit flows into the heat exchanger 10a through one of
the second ports 4 and further into the second refrigerant
auxiliary flow channels 2b inside the projecting portions
9d of the second heat exchanger pipes 2, flows through
the second refrigerant flow channels 2a and the second
refrigerant auxiliary flow channels 2b inside the projecting
portions 9d positioned on the other side, and then, flows
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out of the other second port 4.

[0128] In this case, the first refrigerant and the second
refrigerant flow through the first refrigerant flow channels
1a of the first heat exchanger pipes 1 and the second
refrigerant flow channels 2a of the second heat exchang-
er pipes 2, respectively, in opposite directions or in par-
allel with each other, thereby performing heat exchange
between the first refrigerant and the second refrigerant
at wall surfaces of the first and second heat exchanger
pipes 1 and 2.

Advantages of Embodiment 2

[0129] The heat exchanger disclosed in Patent Litera-
ture 1 has a space which cannot be utilized because of
the provision of a header pipe used for distributing a re-
frigerant over heat exchanger pipes, thereby decreasing
efficiency in space utilization. However, as in the above-
described configuration, the first refrigerant flow chan-
nels 1a of the first heat exchanger pipes 1 communicate
with each other through the use of the first ports 3, while
the second refrigerant flow channels 2a of the second
heat exchanger pipes 2 communicate with each other
through the use of the second port 4.

[0130] Accordingly, it is not necessary to provide a
header pipe, thereby making it possible to reduce the
generation of a space which cannot be utilized and to
form the entire heat exchanger 10a in a compact size.
[0131] By alternately stacking the first heat exchanger
pipes 1 and the second heat exchanger pipes 2 on each
other, heat exchange efficiency between the first refrig-
erant and the second refrigerant can be improved. More-
over, by setting the lengths of the first heat exchanger
pipes 1 and the second heat exchanger pipes 2 in a di-
rection in which refrigerants flow through their refrigerant
flow channels to be substantially the same and by setting
the widths of the first heat exchanger pipes 1 and the
second heat exchanger pipes 2 in the widthwise direction
of the refrigerant flow channels to be substantially the
same, heat exchange between the first refrigerant and
the second refrigerant can be more effectively performed,
and also, the entire heat exchanger 10a can be formed
in a compact size.

[0132] On the topmost heat exchanger pipe (the first
heat exchanger pipe 1 in FIGs. 6 and 7) of the stacking
structure of the heat exchanger 10a, the two first ports 3
are disposed on the top surfaces of the projecting por-
tions 9b which are formed at positions diagonal to each
other and the two second ports 4 are disposed on the
top surfaces of the pressed portions 9a which are formed
at positions diagonal to each other.

[0133] Accordingly, the flow channel lengths of the first
and second refrigerant flow channels 1a and 2a through
which refrigerants flow can be substantially maximized,
thereby further enhancing heat exchange efficiency be-
tween the first refrigerant and the second refrigerant.
[0134] However, the positions of the first ports 3 and
the second ports 4 are not restricted to the above-de-
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scribed positions, and may be changed appropriately de-
pending on the position of the heat exchanger 10a in-
stalled in, for example, a heat pump system.

[0135] As shown in FIGs. 6 and 7, the two first ports 3
and the two second ports 4 are disposed on the top sur-
face of the topmost heat exchanger pipe of the stacking
structure of the heat exchanger 10a. However, the posi-
tions of the first and second ports 3 and 4 are not restrict-
ed. For example, one of the two first ports 3 may be dis-
posed on the top surface of the topmost heat exchanger
pipe of the stacking structure, while the other first port 3
may be disposed on the bottom surface of the bottom-
most heat exchanger pipe of the stacking structure.
[0136] As in the two first ports 3, the positions of the
two second ports 4 are not restricted, either. Moreover,
the first ports 3 and the second ports 4 do not have to be
disposed on the same surface. For example, the two first
ports 3 may be disposed on the top surface of the topmost
heat exchanger pipe of the stacking structure, while the
two second ports 4 may be disposed on the bottom sur-
face of the bottommost heat exchanger pipe of the stack-
ing structure.

[0137] Byformingthe pressed portions 9a for the open-
ings of the first refrigerant flow channels 1a of the first
heat exchanger pipes 1 and by forming the pressed por-
tions 9c for the openings of the second refrigerant flow
channel 2a of the second heat exchanger pipes 2, the
first refrigerant flow channels 1a and the second refrig-
erant flow channels 2a are shielded from each other and
do not communicate with each other.

[0138] Thus, the first refrigerant flowing through the
first refrigerant flow channels 1a and the second refrig-
erant flowing through the second refrigerant flow chan-
nels 2a can be prevented from being mixed with each
other.

Embodiment 3

[0139] FIG. 9 shows sectional views of heat exchanger
pipes of a stacked heat exchanger according to Embod-
iment 3 of the present invention. The configurations of
the heat exchanger pipes of the stacked heat exchanger
according to Embodiment 3 will be described below with
reference to FIG. 9.

[0140] The cross sections of all the heat exchanger
pipes shown in parts (a) through (d) of FIG. 9 have flat
shapes. The cross section of a heat exchanger pipe 14a
shown in part (a) of FIG. 9 has a rectangular shape, and
the cross section of a refrigerant flow channel inside the
heat exchanger pipe 14a also has a rectangular shape.
Both ends of a longitudinal heat exchanger pipe 14b
shown in part (b) of FIG. 9 in cross section are rounded,
and the cross section of a refrigerant flow channel inside
the heat exchanger pipe 14b is configured similarly.
[0141] The top surfaces and the bottom surfaces of
both the heat exchanger pipes 14a and 14b are flat, and
when a stacking structure of the heat exchanger pipes
14a or 14b is formed, the heat exchanger pipes 14a or
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14b can be bonded in close contact with each other,
thereby improving heat exchange efficiency.

[0142] Bothends of alongitudinal heat exchanger pipe
14c shown in part (c) of FIG. 9 in cross section are round-
ed, and the cross section of a refrigerant flow channel
inside the heat exchanger pipe 14c is configured similar-
ly. However, unlike the heat exchanger pipe 14b, in the
heat exchanger pipe 14c, a plurality of linear grooves 15
are formed on the inner wall surface of the refrigerant
flow channel in a direction from one opening to the other
opening of the heat exchanger pipe 1 4c.

[0143] By the formation of these grooves 15, the area
of the inner wall surface of the heat exchanger pipe 14c
is increased, thereby improving efficiency in heat ex-
change with a refrigerant flowing through an adjacent
heat exchanger pipe. Additionally, as stated above, the
grooves 15 are formed in a direction from one opening
to the other opening of the heat exchanger pipe 14c,
thereby reducing a pressure drop in a refrigerant. Need-
less to say, the above-described advantages obtained
by the heat exchanger pipes 14a and 14b are also ob-
tained by the heat exchanger pipe 14c.

[0144] As stated above, on the inner wall surface of
the refrigerant flow channel of the heat exchanger pipe
14c, the grooves 15 are formed in a direction from one
opening to the other opening of the heat exchanger pipe
14c. However, the grooves 15 are not restricted to this
configuration. For example, the grooves 15 may be
formed in a wavy line shape or an oblique lines shape.
With this configuration, the area of the inner wall surface
of the heat exchanger pipe 14c is increased, thereby im-
proving efficiency in heat exchange with a refrigerant
flowing through an adjacent heat exchanger pipe. At the
same time, turbulence is generated in the flow of a re-
frigerant, thereby improving heat exchange efficiency.
[0145] Bothends of a longitudinal heat exchanger pipe
14d shown in part (d) of FIG. 9in cross section are round-
ed, and the cross section of a refrigerant flow channel
inside the heat exchanger pipe 14d is configured simi-
larly. However, unlike the heat exchanger pipe 14b, in
the heat exchanger pipe 14d, a corrugated plate 16 is
inserted into a refrigerant flow channel inside the heat
exchanger pipe 14d. The corrugated plate 16 is inserted
such that the ridge direction of the waveforms of the cor-
rugated plate 16 is a direction from one opening to the
other opening of the heat exchanger pipe 14d.

[0146] The projections of the waveforms of the corru-
gated plate 16 abut against the inner wall surface of the
heat exchanger pipe 14d. By inserting this corrugated
plate 16, a refrigerant flowing through a refrigerant flow
channel contacts the corrugated plate 16 as well as the
inner wall surface, thereby transferring heating energy
or cooling energy to the inner wall surface via this corru-
gated plate 16.

[0147] Thus, advantages similar to those obtained by
an increased area of the inner surface wall of the heat
exchanger pipe 14c, that is, the effect of improving effi-
ciency in heat exchange with arefrigerant flowing through
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an adjacent heat exchanger pipe, is obtained. Needless
to say, the above-described advantages obtained by the
heat exchanger pipes 14a and 14b are also obtained by
the heat exchanger pipe 14d.

[0148] Any one of the heat exchanger pipes 14a
through 14d shown in FIG. 9 is used as each of the first
and second exchanger pipes 1and 2 inthe heat exchang-
er 10 according to Embodiment 1 or the heat exchanger
10a according to Embodiment 2. Accordingly, the follow-
ing advantages can be obtained. The heat exchanger 10
and the heat exchanger 10a obtained by using any one
of the heat exchanger pipes 14a through 14d shown in
FIG. 9 as each of the first and second exchanger pipes
1 and 2 in the heat exchanger 10 according to Embodi-
ment 1 or the heat exchanger 10a according to Embod-
iment 2 will be collectively referred to as a "heat exchang-
er 10b".

[0149] The heat exchanger 10b based on the heat ex-
changer 10 according to Embodiment 1 corresponds to
a "stacked heat exchanger" of the present invention.

Advantages of Embodiment 3

[0150] The top surfaces and the bottom surfaces of all
the heat exchanger pipes 14a through 14d shown in FIG.
9 are flat, and when a stacking structure of the heat ex-
changer pipes 14a, 14b, 14c, or 14d is formed, the heat
exchanger pipes 14a, 14b, 14c, or 14d can be bonded
in close contact with each other, thereby improving heat
exchange efficiency.

[0151] As shown in part (c) of FIG. 9, the grooves 15
are formed on the inner wall surface of a refrigerant flow
channel of the heat exchanger pipe 14c, and thus, the
area of the inner wall surface of the heat exchanger pipe
14cis increased, thereby improving efficiency in heat ex-
change with a refrigerant flowing through an adjacent
heat exchanger pipe. Additionally, the grooves 15 are
formed in a direction from one opening to the other open-
ing of the heat exchanger pipe 14c, thereby reducing a
pressure drop in a refrigerant.

[0152] If the grooves 15 are formed in a wavy line
shape or an oblique line shape, the area of the inner wall
surface of the heat exchanger pipe 14c is increased. As
a result, efficiency in heat exchange with a refrigerant
flowing through an adjacent heat exchanger pipe is im-
proved, and at the same time, turbulence is generated
in the flow of a refrigerant, thereby improving heat ex-
change efficiency.

[0153] As shown in part (d) of FIG. 9, by inserting the
corrugated plate 16 into a refrigerant flow channel inside
the heat exchanger pipe 14d, a refrigerant flowing
through the refrigerant flow channel contacts the corru-
gated plate 16 as well as the inner wall surface, thereby
transferring heating energy or cooling energy to the inner
wall surface via this corrugated plate 16. Thus, the effect
ofimproving efficiency in heat exchange with a refrigerant
flowing through an adjacent heat exchanger pipe is ob-
tained.
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Embodiment 4

Configuration of Heat Pump System

[0154] FIG. 10 is a diagram illustrating a heat pump
system according to Embodiment 4 of the present inven-
tion utilizing heating energy of a heat exchanger. A de-
scription will now be given, with reference to FIG. 10, of
a configuration in which the heat exchanger 10 according
to Embodiment 1, which serves as a stacked heat ex-
changer for performing heat exchange between a first
refrigerant and a second refrigerant, is mounted.

[0155] As shown in FIG. 10, the heat pump system
according to Embodiment 4 includes a first refrigerant
circuit 100 through which a first refrigerant flows, a sec-
ond refrigerant circuit 101 through which a second refrig-
erant flows, and the heat exchanger 10 which performs
heat exchange between the first refrigerant and the sec-
ond refrigerant.

[0156] The first refrigerant circuit 100 is formed by se-
quentially connecting a compressor 31, the heat ex-
changer 10, an expansion valve 33, and an outdoor heat
exchanger 34 through the use of refrigerant pipes. A fan
39 is disposed near the outdoor heat exchanger 34. The
fan 39 sends outside air to the outdoor heat exchanger
34 so that heat exchange between the outside air and
the first refrigerant flowing through the outdoor heat ex-
changer 34 can be performed. As the first refrigerant flow-
ing through the first refrigerant circuit 100, for example,
R410A, another fluorocarbon refrigerant, or a natural re-
frigerant, such as carbon dioxide or hydrocarbon, may
be used.

[0157] The second refrigerant circuit 101 is formed by
sequentially connecting a pump 36, a use side heat ex-
changer 35, and the heat exchanger 10 through the use
of refrigerant pipes. Among these elements, the use side
heat exchanger 35 is used as a radiator, a floor heater,
or the like. As the second refrigerant flowing through the
second refrigerant circuit 101, for example, a fluorocar-
bon refrigerant, a natural refrigerant, such as carbon di-
oxide or hydrocarbon, tap water, distilled water, or brine
may be used.

[0158] The outdoor heat exchanger 34 corresponds to
a "heat source side heat exchanger" of the present in-
vention.

Operation of Heat Pump System

[0159] An operation of the heat pump system accord-
ing to Embodiment 4 will now be described below with
reference to FIG. 10. In the first refrigerant circuit 100, a
high-temperature high-pressure gaseous first refrigerant
which has been compressed in and discharged from the
compressor 31 flows into the heat exchanger 10. The
first refrigerant flowing into the heat exchanger 10 per-
forms heat exchange, within the heat exchanger 10, with
a second refrigerant which flows in a direction opposite
to or in parallel with the flowing direction of the first re-
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frigerant, thereby transferring heat to the second refrig-
erant and then flowing out of the heat exchanger 10.
[0160] The first refrigerant flowing out of the heat ex-
changer 10 flows into the expansion valve 33 and is ex-
panded and decompressed by this expansion valve 33,
thereby being transformed into a low-temperature low-
pressure first refrigerant. This low-temperature low-pres-
sure first refrigerant flows into the outdoor heat exchang-
er 34 and performs heat exchange with outside air which
is sent from the fan 39 through the rotation operation of
the fan 39, thereby being transformed into a low-temper-
ature low-pressure gaseous first refrigerant and then
flowing out of the outdoor heat exchanger 34. The gas-
eous first refrigerant flowing out of the outdoor heat ex-
changer 34 flows into the compressor 31 and is com-
pressed again.

[0161] Meanwhile, inthe secondrefrigerantcircuit101,
the second refrigerant flowing into the heat exchanger
10 performs heat exchange, within the heat exchanger
10, with the first refrigerant which flows in a direction op-
posite to or in parallel with the flowing direction of the
second refrigerant, thereby being heated by the first re-
frigerant and then flowing out of the heat exchanger 10.
[0162] The second refrigerant flowing out of the heat
exchanger 10 circulates within the second refrigerant cir-
cuit 101 through the use of the pump 36 and flows into
the use side heat exchanger 35. The second refrigerant
flowing into the use side heat exchanger 35 transfers
heat to the outside and then flows out of the use side
heat exchanger 35. The second refrigerant flowing out
of the use side heat exchanger 35 flows into the heat
exchanger 10 and is heated again.

[0163] Ifwaterisusedasthe second refrigerantflowing
through the second refrigerant circuit 101, it is desirable
that portions of the heat exchanger 10 which contact wa-
ter have a corrosion resistance to water, for example, the
second heat exchanger pipes 2 and the second ports 4
of the heat exchanger 10 be formed of a corrosion-re-
sistant material.

[0164] In the heat pump system shown in FIG. 10, the
heat exchanger 10 according to Embodiment 1 is mount-
ed. However, aheatexchangerinstalled inthe heat pump
system is not restricted to the heat exchanger 10. The
heat exchanger 10a according to Embodiment 2 or the
heat exchanger 10b according to Embodiment 3 may be
mounted.

Advantages of Embodiment 4

[0165] As in the above-described configuration, by
mounting the heat exchanger 10, 10a, or 10b having a
stacking structure of the first heat exchanger pipes 1 and
the second heat exchanger pipes 2, itis possible to obtain
a heat pump system in which heat exchange efficiency
between a first refrigerant and a second refrigerant is
improved.

[0166] Needless to say, advantages discussed in Em-
bodiment 1 through Embodiment 3 can also be obtained
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by Embodiment 4.

[0167] The heat pump system according to Embodi-
ment 4 is not restricted to the configuration shown in FIG.
10, and may be configured, for example, as shown in
FIGs. 11 through 13.

[0168] FIG. 11 is a diagram illustrating another mode
of the heat pump system according to Embodiment 4. As
in the heat pump system shown in FIG. 10, the heat pump
system shown in FIG. 11 also utilizes heating energy of
a heat exchanger.

[0169] In the heat pump system shown in FIG. 11, the
use side heat exchanger 35 in the heat pump system
shown in FIG. 10 is installed within a tank 38. The con-
figurations of the other portions are similar to those of
the heat pump system shown in FIG. 10. The second
refrigerant heated in the heatexchanger 10 flows through
the use side heat exchanger 35, thereby cooling water
within the tank 38 and collecting cooled water.

[0170] As in the heat pump system shown in FIG. 11
and the above-described heat pump system shown in
FIG. 10, by causing the use side heat exchanger 35 to
perform a heating operation or a hot-water supply oper-
ation by utilizing heating energy of the heat exchanger
10, the energy-saving effect can be enhanced, compared
with a heating system or a hot-water supply system using
a known boiler as a heat source.

[0171] FIG. 12 is a diagram illustrating another mode
of the heat pump system according to Embodiment 4.
The heat pump system shown in FIG. 12 utilizes cooing
energy of a heat exchanger.

[0172] In the heat pump system shown in FIG. 12, by
changing the positions of the suction inlet and the dis-
charge outlet of the compressor 31 opposite to those of
the heat pump system shown in FIG. 10, the flowing di-
rection of a refrigerant in the first refrigerant circuit 100
is reversed. In order to form a cooling system, the use
side heat exchanger 35 is used as an air heat exchanger
or a cold water panel. The configurations of the other
portions are similar to those of the heat pump system
shown in FIG. 10.

[0173] In the heat pump system shown in FIG. 12, in
the first refrigerant circuit 100, a high-temperature high-
pressure gaseous first refrigerant which has been com-
pressed in and discharged from the compressor 31 flows
into the outdoor heat exchanger 34. The first refrigerant
flowing into the outdoor heat exchanger 34 performs heat
exchange with outside air which is sent from the fan 39
through the rotation operation, thereby transferring heat
to outside air and then flowing out of the outdoor heat
exchanger 34.

[0174] The first refrigerant flowing out of the outdoor
heat exchanger 34 flows into the expansion valve 33 and
is expanded and decompressed by this expansion valve
33, thereby being transformed into a low-temperature
low-pressure first refrigerant. This low-temperature low-
pressure first refrigerant flows into the heat exchanger
10 and performs heat exchange, within the heat exchang-
er 10, with a second refrigerant which flows in a direction
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opposite to or in parallel with the flowing direction of the
first refrigerant, thereby receiving heat from the second
refrigerant and being transformed into a low-temperature
low-pressure gaseous first refrigerant.

[0175] The gaseous first refrigerant then flows out of
the heat exchanger 10. This gaseous first refrigerant
flowing out of the heat exchanger 10 flows into the com-
pressor 31 and is compressed again.

[0176] Inthe second refrigerant circuit 101, the second
refrigerant flowing into the heat exchanger 10 performs
heat exchange, within the heat exchanger 10, with the
first refrigerant which flows in a direction opposite to or
in parallel with the flowing direction of the second refrig-
erant. The second refrigerant is cooled by the first refrig-
erant and then flows out of the heat exchanger 10.
[0177] The second refrigerant flowing out of the heat
exchanger 10 circulates within the second refrigerant cir-
cuit 101 through the use of the pump 36 and flows into
the use side heat exchanger 35. The second refrigerant
flowing into the use side heat exchanger 35 cools, for
example, outside air, and then flows out of the use side
heat exchanger 35. The second refrigerant flowing out
of the use side heat exchanger 35 flows into the heat
exchanger 10 and is cooled again.

[0178] In a manner similar to the heat pump system
shown in FIG. 11, a tank 38 may be installed in the heat
pump system shown in FIG. 12, and the use side heat
exchanger 35 may be installed within this tank 38. In this
case, water within the tank 38 can be cooled and cooled
water can be collected by using the use side heat ex-
changer 35.

[0179] FIG. 13 is a diagram illustrating another mode
of the heat pump system according to Embodiment 4.
The heat pump system shown in FIG. 13 utilizes heating
energy or cooing energy of a heat exchanger.

[0180] In the heat pump system shown in FIG. 13, a
four-port valve 32 is added to the first refrigerant circuit
100 in the heat pump system shown in FIG. 10. More
specifically, the first refrigerant circuit 100 is formed by
sequentially connecting the compressor 31, the four-port
valve 32, the heat exchanger 10, the expansion valve
33, the outdoor heat exchanger 34, the four-port valve
32, and the compressor 31 through the use of refrigerant
pipes. The configurations of the other portions are similar
to those of the heat pump system shown in FIG. 10. In
this configuration, by switching between the flow chan-
nels of the four-port valve 32, heating energy of the heat
exchanger 10 can be utilized, as in the heat pump system
shown in FIG. 10, or cooling energy of the heat exchanger
10 can be utilized, as in the heat pump system shown in
FIG. 12.

[0181] In a manner similar to the heat pump system
shown in FIG. 11, a tank 38 may be installed in the heat
pump system shown in FIG. 13, and the use side heat
exchanger 35 may be installed within this tank 38. In this
case, by switching between the flow channels of the four-
port valve 32, a second refrigerant heated in the heat
exchanger 10 is caused to circulate within the use side
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heat exchanger 35, thereby heating water within the tank
38 and collecting heated water. Alternatively, a second
refrigerant cooled in the heat exchanger 10 is caused to
circulate within the use side heat exchanger 35, thereby
cooling water within the tank 38 and collecting cooled
water.

[0182] In the heat pump systems shown in FIGs. 11
through 13, the heat exchanger 10 according to Embod-
iment 1 is mounted. However, a heat exchanger installed
in the heat pump systems is not restricted to the heat
exchanger 10. The heat exchanger 10a according to Em-
bodiment 2 or the heat exchanger 10b according to Em-
bodiment 3 may be mounted, which however does not
form part of the present invention.

List of Reference Signs
[0183]

1 first heat exchanger pipe

1a first refrigerant flow channel

1b first refrigerant auxiliary flow channel
2 second heat exchanger pipe

2a second refrigerant flow channel

2b second refrigerant auxiliary flow channel
3 first port

3a first communication hole

3b first communication hole

3c first communication hole

3d first communication hole

4 second port

4a second communication hole

4b second communication hole

4c second communication hole

4d second communication hole

5 first heat exchanger pipe end portion
6 second heat exchanger pipe end portion
8 cover

8a heat-exchanger-pipe fitting portion
8b communication hole

9a pressed portion

9b projecting portion

9c pressed portion

od projecting portion

10 heat exchanger

10a  heat exchanger

10b  heat exchanger

13 cover

13a  heat-exchanger-pipe fitting portion
14a  heat exchanger pipe
14b  heat exchanger pipe
14c  heat exchanger pipe
14d  heat exchanger pipe

15 groove

16 corrugated plate

21 brazing filler material
31 compressor

32 four-port valve



33
34
35
36
38
39
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expansion valve

outdoor heat exchanger
use side heat exchanger
pump

tank

fan

first refrigerant circuit
second refrigerant circuit

Claims

1.

A stacked heat exchanger (10, 10a) comprising:

- aplurality of first heat exchanger pipes (1) each
having a flat shape and including therein a first
refrigerant flow channel (1a) through which a
first refrigerant flows;

- a plurality of second heat exchanger pipes (2)
each having a flat shape, the plurality of second
heat exchanger pipes (2) and the plurality of first
heat exchanger pipes (1) being alternately
stacked on each other in the state in which ad-
jacent firstand second heat exchanger pipes (1,
2) abut against each other, the plurality of sec-
ond heat exchanger pipes (2) each including
therein a second refrigerant flow channel (2a)
through which a second refrigerant, having a
temperature different from a temperature of the
first refrigerant, flows;

- two sets of first communication holes (3a-3d)
formed to pass through the first heat exchanger
pipes (1) and the second heat exchanger pipes
(2) so that the first refrigerant flow channels (1a)
communicate with each other and so that the
firstrefrigerant flow channels (1a) communicate
with an outside in one of two outermost heat
exchanger pipes, each of which is one of the
plurality of first heat exchanger pipes (1) or one
of the plurality of second heat exchanger pipes
(2), positioned at both ends of the stacking struc-
ture in a stacking direction;

- two sets of second communication holes (4a-
4d) formed to pass through the first heat ex-
changer pipes (1) and the second heat exchang-
er pipes (2) so that the second refrigerant flow
channels (2a) communicate with each other and
so that the second refrigerant flow channels (2a)
communicate with an outside in one of the two
outermost heat exchanger pipes;

- closing means (8) that closes openings formed
at both ends of the first refrigerant flow channel
(1a) of each of the plurality of first heat exchang-
er pipes (1) and the second refrigerant flow
channel (2a) of each of the plurality of second
heat exchanger pipes (2) in a direction through
which the refrigerants flow;

-firstblocking means that serves as ablock such
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that the first communication holes (3b, 3d)
formed in each of the second heat exchanger
pipes (2) do not communicate with the second
refrigerant flow channel (2a); and

- second blocking means that serves as a block
such that the second communication holes (4a,
4c) formed in each of the first heat exchanger
pipes (1) do not communicate with the first re-
frigerant flow channel (1a),

- wherein two of the first communication holes
(3a, 3c) formed in the one of the outermost heat
exchanger pipes and allowing the refrigerant
flow channels within the one of the outermost
heat exchanger pipes to communicate with the
outside serve as an inlet and an outlet of the first
refrigerant,

- wherein two of the second communication
holes (4a, 4c) formed in the one of the outermost
heat exchanger pipes and allowing the refriger-
antflow channels within the one of the outermost
heat exchanger pipes to communicate with the
outside serve as an inlet and an outlet of the
second refrigerant, and

- wherein heat exchange between the first re-
frigerantand the second refrigerantis performed
on abutting surfaces of the first heat exchanger
pipes (1) and the second heat exchanger pipes
(2);

- wherein the closing means (8) includes a heat-
exchanger-pipe fitting portion (8a) through
which a fitting-portion communication hole (8b)
is formed, wherein the heat-exchanger-pipe fit-
ting portion (8a) is fit into part of each of the first
refrigerant flow channels (1a) and part of each
of the second refrigerant flow channels (2a);

- wherein the first blocking means is constituted
by the heat-exchanger-pipe fitting portion (8a)
which is fit into each of the second refrigerant
flow channels (2a), and the fitting-portion com-
munication hole (8b) of each of the heat-ex-
changer-pipe fitting portion (8a) communicates
with the associated one of the first communica-
tion holes (3b); and

- wherein the second blocking means is consti-
tuted by the heat-exchanger-pipe fitting portion
(8a) which is fit into each of the first refrigerant
flow channels (1a), and the fitting-portion com-
munication hole (8b) of each of the heat-ex-
changer-pipe fitting portion (8a) communicates
with the associated one of the second commu-
nication holes (4b).

The stacked heat exchanger (10, 10a) of claim 1,

wherein the first heat exchanger pipes (1) and the
second heat exchanger pipes (2) have the same
length in the direction in which the refrigerants flow
through the refrigerant flow channels of the first heat
exchanger pipes (1) and the second heat exchanger
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pipes (2), and have the same width in a widthwise
direction of the refrigerant flow channels.

The stacked heat exchanger (10, 10a) of any one of
claims 1 or 2,

wherein the first communication holes (3a-3d) and
the second communication holes (4a-4d) are formed
near both ends, in a direction in which the refrigerants
flow, of the refrigerant flow channels of the first heat
exchanger pipes (1) and the second heat exchanger

pipes (2).

The stacked heat exchanger (10, 10a) of claim 3,
wherein the two sets of first communication holes
(3a-3d) are formed at positions diagonal to each oth-
erinthefirst heat exchanger pipe (1) and the second
heat exchanger pipe (2), as viewed from the stacking
direction, and the two sets of second communication
holes (4a-4d) are formed at positions diagonal to
each other in the first heat exchanger pipe (1) and
the second heat exchanger pipe (2), as viewed from
the stacking direction.

The stacked heat exchanger (10, 10a) of any one of
claims 1 to 4,

wherein the first refrigerant flow channel (1a) of the
firstheatexchanger pipe (1) or the secondrefrigerant
flow channel (2a) of the second heat exchanger pipe
(2) has a plurality of grooves on an inner wall surface
of the first refrigerant flow channel (1a) or the second
refrigerant flow channel (2a).

The stacked heat exchanger (10, 10a) of any one of
claims 1 to 4,

wherein a corrugated plate is placed in the first re-
frigerant flow channel (1a) of the first heat exchanger
pipe (1) or the second refrigerant flow channel (2a)
of the second heat exchanger pipe (2); and
wherein a ridge direction of waveforms of the corru-
gated plate coincides with the direction in which the
refrigerant flow through the first refrigerant flow chan-
nel (1a) or the second refrigerant flow channel (2a),
and projections of the waveforms abut against an
inner wall surface of the first refrigerant flow channel
(1a) or the second refrigerant flow channel (2a).

The stacked heat exchanger (10, 10a) of any one of
claims 1 to 6,

wherein the first refrigerantis R410A, a fluorocarbon
refrigerant, or a natural refrigerant, such as carbon
dioxide or hydrocarbon; and wherein the second re-
frigerant is water or brine.

A heat pump system comprising:
- afirstrefrigerant circuit (100) that is constituted

by a refrigerant circuit which is formed by se-
quentially connecting a compressor (31), the
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stacked heat exchanger (10, 10a) of any one of
patent claims 1 to 7, an expansion device, and
a heat source side heat exchanger through re-
frigerant pipes, and through which the first re-
frigerant flows; and

- a second refrigerant circuit (101) that is con-
stituted by a refrigerant circuit which is formed
by sequentially connecting, through refrigerant
pipes, a pump (36), a use side heat exchanger
(35), and the stacked heat exchanger (10, 10a),
and through which the second refrigerant flows.

A heat pump system of claim 8,

further comprising a tank (38) containing therein the
use side heat exchanger (35), wherein water within
the tank is heated or cooled by using the use side
heat exchanger (35).

Patentanspriiche

Stapelwarmetauscher (10, 10a), welcher Folgendes
aufweist:

- eine Vielzahl erster Warmetauscherrohre (1),
welche jeweils eine flache Form aufweisen und
jeweils einen ersten Kaltemittelstromungskanal
(1a) beinhalten, durch welchen ein erstes Kal-
temittel stromt;

- eine Vielzahl zweiter Warmetauscherrohre (2),
welche jeweils eine flache Form aufweisen, wo-
beidie Vielzahlzweiter Warmetauscherrohre (2)
und die Vielzahl erster Warmetauscherrohre (1)
in dem Zustand, in welchem nebeneinander lie-
gende erste und zweite Warmetauscherrohre
(1, 2) aneinander stof3en, abwechselnd Uberei-
nander gestapelt sind, wobei die Vielzahl zwei-
ter Warmetauscherrohre (2) jeweils einen zwei-
ten Kaltemittelstrémungskanal (2a) beinhalten,
durch welchen ein zweites Kiihimittel, dessen
Temperatur sich von der des ersten Kiihimittels
unterscheidet, stromt;

- zwei Gruppen von ersten Verbindungsléchern
(3a-3d), welche so gestaltet sind, dass sie durch
die ersten Warmetauscherrohre (1) und die
zweiten Warmetauscherrohre (2) verlaufen, so
dass die ersten Kaltemittelstromungskanale
(1a) miteinander kommunizieren und so dass
die ersten Kaltemittelstromungskanale (1a) mit
der Auflenseite in einem von zwei aulersten
Warmetauscherrohren kommuniziert, wobei
diese jeweils eines aus der Vielzahl erster War-
metauscherrohre (1) oder eines aus der Vielzahl
zweiter Warmetauscherrohre (2) sind und sich
an beiden Enden der Stapelstruktur in Stapel-
richtung angeordnet befinden;

- zwei Gruppen von zweiten Verbindungslo-
chern (4a-4d), welche so gestaltet sind, dass sie
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durch die ersten Warmetauscherrohre (1) und
die zweiten Warmetauscherrohre (2) verlaufen,
so dass die zweiten Kaltemittelstromungskana-
le (2a) miteinander kommunizieren und so dass
die zweiten Kaltemittelstromungskanale (2a)
mit einer AuRenseite von zwei aullersten War-
metauscherrohren kommunizieren;

-eine Verschlusseinrichtung (8), welche Offnun-
gen verschlie3t, die an beiden Enden des ersten
Kaltemittelstromungskanals (1a) von jedem aus
der Vielzahl erster Warmetauscherrohre (1) und
des zweiten Kaltemittelstromungskanal (2a)
von jedem aus der Vielzahl zweiter Warmetau-
scherrohre (2) in einer Kaltemittelstrémungs-
richtung ausgebildet sind;

- eine erste Sperreinrichtung, welche als Sperre
dient, so dass die in jedem der zweiten Warme-
tauscherrohre (2) ausgebildeten ersten Verbin-
dungslécher (3b, 3d) nicht mit dem zweiten Kal-
temittelstromungskanal (2a) kommunizieren;
und

- eine zweite Sperreinrichtung, welche als Sper-
re dient, so dass die in jedem der ersten War-
metauscherrohre (1) ausgebildeten zweiten
Verbindungsldcher (4a, 4c) nicht mitdem ersten
Kaltemittelstromungskanal (1a) kommunizie-
ren,

- wobei zwei der ersten Verbindungslécher (3a,
3c), welche in dem einen der duRersten War-
metauscherrohre ausgebildet sind und es er-
moglichen, dass die Kaltemittelstrémungskana-
le innerhalb von dem einen der dufRersten War-
metauscherrohre mit der AuRenseite kommuni-
zieren, als Einlass und Auslass flir das erste Kal-
temittel dienen,

- wobei zwei der zweiten Verbindungslocher
(4a, 4c), welche in einem der dulRersten War-
metauscherrohre ausgebildet sind und es er-
moglichen, dass die Kaltemittelstrémungskana-
le innerhalb von dem einen der duflersten War-
metauscherrohre mit der AuRenseite kommuni-
zieren, als Einlass und Auslass fiir das zweite
Kaltemittel dienen, und

- wobei der Warmeaustausch zwischen dem
ersten Kaltemittel und dem zweiten Kaltemittel
an aneinanderstoRenden Flachen der ersten
Warmetauscherrohre (1) und der zweiten War-
metauscherrohre (2) erfolgt;

- wobei die Verschlusseinrichtung (8) ein War-
metauscherrohr-Passstiick (8a) aufweist, durch
welches ein fir das Passstiick vorgesehenes
Verbindungsloch (8b) ausgebildetist, wobeidas
Warmetauscherrohr-Passstiick (8a) jeweils in
einen Teil des ersten Kaltemittelstrémungska-
nals (1a) und einen Teil des zweiten Kaltemit-
telstromungskanals (2a) eingepasst ist;

- wobei die erste Sperreinrichtung durch das
Warmetauscherrohr-Passstiick (8a) gebildet
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wird, welches in jeden der zweiten Kaltemittel-
stromungskanale (2a) eingepasst ist, und das
fur das Passstiick vorgesehene jeweilige Ver-
bindungsloch (8b) des Warmetauscherrohr-
Passstlicks (8a) mit dem jeweils zugehdrigen
der ersten Verbindungslécher (3b) kommuni-
ziert; und

- wobei die zweite Sperreinrichtung durch das
Warmetauscherrohr-Passstiick (8a) gebildet
wird, welches in jeden der ersten Kaltemittel-
stromungskanale (1a) eingepasst ist, und das
fur das Passstiick vorgesehene jeweilige Ver-
bindungsloch (8b) des Warmetauscherrohr-
Passstlicks (8a) mit dem jeweils zugehdrigen
der zweiten Verbindungslécher (4b) kommuni-
Ziert.

Stapelwarmetauscher (10, 10a) gemaf Anspruch 1,
wobei die ersten Warmetauscherrohre (1) und die
zweiten Warmetauscherrohre (2) in der Richtung, in
welcher die Kaltemittel durch den Kaltemittelstro-
mungskanal der ersten Warmetauscherrohre (1)
und der zweiten Warmetauscherrohre (2) strémen,
dieselbe Lange aufweisen, und in einer Breitenrich-
tung des Kaltemittelstromungskanals dieselbe Brei-
te aufweisen.

Stapelwarmetauscher (10, 10a) gemaR einem der
Anspriche 1 bis 2,

wobei die ersten Verbindungslécher (3a-3d) und die
zweiten Verbindungslocher (4a-4d) in der Kaltemit-
telstromungsrichtung in der Nahe der beiden Enden
der Kaltemittelstromungskanale der ersten Warme-
tauscherrohre (1) und der zweiten Warmetauscher-
rohre (2) ausgebildet sind.

Stapelwarmetauscher (10, 10a) gemaf Anspruch 3,
wobei die beiden Gruppen von ersten Verbindungs-
I6chern (3a-3d), von der Stapelrichtung aus gese-
hen, an diagonal zueinander liegenden Positionen
indem ersten Warmetauscherrohr (1) und dem zwei-
ten Warmetauscherrohr (2) ausgebildet sind, und
wobei die beiden Gruppen von zweiten Verbin-
dungsléchern (4a-4d), von der Stapelrichtung aus
gesehen, an diagonal zueinander liegenden Positi-
onenindem ersten Warmetauscherrohr (1) und dem
zweiten Warmetauscherrohr (2) ausgebildet sind.

Stapelwarmetauscher (10, 10a) gemaR einem der
Anspriche 1 bis 4,

wobei der erste Kaltemittelstromungskanal (1a) des
ersten Warmetauscherrohrs (1) oder der zweite Kal-
temittelstromungskanal (2a) des zweiten Warme-
tauscherrohrs (2a) auf einer Innenwandflache des
ersten Kaltemittelstrdomungskanals (1a) oder des
zweiten Kaltemittelstromungskanals (2a) eine Viel-
zahl von Nuten aufweist.
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Stapelwarmetauscher (10, 10a) gemafl einem der
Anspriche 1 bis 4,

wobei eine Wellplatte in dem ersten Kaltemittelstro-
mungskanal (1a) des ersten Warmetauscherrohrs
(1) oder in dem zweiten Kaltemittelstrémungskanal
(2a) des zweiten Warmetauscherrohrs (2) angeord-
netist; und wobeidie Firstrichtung von Wellenformen
der Wellplatte mit der Richtung, in welcher das Kal-
temittel durch den ersten Kaltemittelstromungskanal
(1a) oder den zweiten Kaltemittelstrdmungskanal
(2a) stromt, zusammenfallt, und Vorspriinge der
Wellenformen gegen eine Innenwandflache des ers-
ten Kaltemittelstromungskanals (1a) oder des zwei-
ten Kaltemittelstromungskanals (2a) anstoRen.

Stapelwarmetauscher (10, 10a) gemal einem der
Anspriche 1 bis 6,

wobei das erste Kaltemittel R410A, ein Fluorkohlen-
wasserstoff-Kaltemittel oder ein natirliches Kalte-
mittel, wie etwa Kohlendioxid oder Kohlenwasser-
stoff, ist; und wobei das zweite Kaltemittel Wasser
oder Salzlake ist.

Warmepumpensystem, welches Folgendes auf-
weist:

- einen ersten Kaltekreislauf (100), welcher aus
einem Kaltekreislauf besteht, der durch sequen-
tielles Verbinden eines Kompressors (31), des
Stapelwarmetauschers (10, 10a) gemal einem
der Patenanspriiche 1 bis 7, einer Expansions-
vorrichtung und eines warmequellenseitigen
Warmetauschers durch Kaltemittelrohre gebil-
det wird, und durch welchen das erste Kaltemit-
tel stromt; und

- einen zweiten Kaltemittelkreislauf (101), wel-
cheraus einem Kaltekreislauf besteht, der durch
sequentielles Verbinden einer Pumpe (36), ei-
nes nutzungsseitigen Warmetauschers (35)
und des Stapelwarmetauschers (10, 10a) durch
Kaltemittelrohre gebildet wird, und durch wel-
chen das zweite Kaltemittel stromt.

Warmepumpensystem gemaf Anspruch 8,
welches dartber hinaus einen Tank (38) aufweist,
in dem der nutzungsseitige Warmetauscher (35) ent-
halten ist, in dem das im Tank enthaltene Wasser
unter Einsatz des nutzungsseitigen Warmetau-
schers (35) aufgeheizt oder gekihlt wird.

Revendications

Echangeur de chaleur du type empilé (10, 10a)
comprenant :

- une pluralité de premiers tubes d’échangeur
de chaleur (1) ayant chacun une forme plate et
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40

incluant a l'intérieur un premier canal d’écoule-
ment de réfrigérant (1a) a travers lequel un pre-
mier réfrigérant s’écoule ;

- une pluralité de deuxiemes tubes d’échangeur
de chaleur (2) ayant chacun une forme plate, la
pluralité de deuxiemes tubes d’échangeur de
chaleur (2) et la pluralité de premiers tubes
d’échangeur de chaleur (1) étant empilés en al-
ternance les uns sur les autres dans I'état dans
lequelles premiers et deuxiémes tubes d’échan-
geur de chaleur adjacents (1, 2) sont en butée
les uns contre les autres, la pluralité de deuxié-
mes tubes d’échangeur de chaleur (2) incluant
chacun a l'intérieur un deuxiéme canal d’écou-
lement de réfrigérant (2a) a travers lequel
s’écoule un deuxieme réfrigérant, ayant une
température différente d’'une température du
premier réfrigérant ;

- deux groupes de premiers trous de communi-
cation (3a-3d) formés pour passer a travers les
premiers tubes d’échangeur de chaleur (1) et
les deuxiemes tubes d’échangeur de chaleur (2)
de sorte que les premiers canaux d’écoulement
de réfrigérant (1a) communiquent les uns avec
les autres et de sorte que les premiers canaux
d’écoulement de réfrigérant (1a) communiquent
avec un extérieur dans un tube parmi les deux
tubes d’échangeur de chaleur les plus a I'exté-
rieur, dont chacun est un tube parmi la pluralité
de premiers tubes d’échangeur de chaleur (1)
ou parmi la pluralit¢é de deuxiemes tubes
d’échangeur de chaleur (2), positionné aux deux
extrémités de la structure d’empilement dans
une direction d’empilement ;

- deux groupes de deuxiémes trous de commu-
nication (4a-4d) formés pour passer a travers
les premiers tubes d’échangeur de chaleur (1)
et les deuxiemes tubes d’échangeur de chaleur
(2) de sorte que les deuxiemes canaux d’écou-
lement de réfrigérant (2a) communiquent les
uns avec les autres et de sorte que les deuxié-
mes canaux d’écoulement de réfrigérant (2a)
communiquent avec un extérieur dans un tube
parmi les deux tubes d’échangeur de chaleur
les plus a I'extérieur ;

- des moyens de fermeture (8) qui ferment des
ouvertures formées aux deux extrémités du pre-
mier canal d’écoulement de réfrigérant (1a) de
chaque tube parmila pluralité de premiers tubes
d’échangeur de chaleur (1) et du deuxiéme ca-
nal d’écoulement de réfrigérant (2a) de chaque
tube parmi la pluralité de deuxiémes tubes
d’échangeur de chaleur (2) dans une direction
a travers laquelle les réfrigérants s’écoulent ;

- des premiers moyens de blocage qui servent
de blocage de sorte que les premiers trous de
communication (3b, 3d) formés dans chaque tu-
be parmi les deuxiémes tubes d’échangeur de
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chaleur (2) ne communiquent pas avec le
deuxiéme canal d’écoulement de réfrigérant
(2a) ; et

- des deuxiemes moyens de blocage qui servent
de blocage de sorte que les deuxiémes trous de
communication (4a, 4c) formés dans chaque tu-
be parmi les premiers tubes d’échangeur de
chaleur (1) ne communiquent pas avec le pre-
mier canal d’écoulement de réfrigérant (1a),

- dans lequel deux des premiers trous de com-
munication (3a, 3c), formés dans I'un des tubes
d’échangeur de chaleur les plus a I'extérieur et
permettant aux canaux d’écoulement de réfri-
gérant a l'intérieur dudit un des tubes d’échan-
geur de chaleur les plus a I'extérieur de commu-
niquer avec l'extérieur, servent d’entrée et de
sortie du premier réfrigérant,

-dans lequel deux des deuxiemes trous de com-
munication (4a, 4c), formés dans I'un des tubes
d’échangeur de chaleur les plus a I'extérieur et
permettant aux canaux d’écoulement de réfri-
gérant a l'intérieur dudit un des tubes d’échan-
geur de chaleur les plus a I'extérieur de commu-
niquer avec l'extérieur, servent d’entrée et de
sortie du deuxiéme réfrigérant, et

- dans lequel un échange de chaleur entre le
premier réfrigérant etle deuxieme réfrigérantest
effectué sur des surfaces en butée des premiers
tubes d’échangeur de chaleur (1) et des deuxie-
mes tubes d’échangeur de chaleur (2) ;

- dans lequel les moyens de fermeture (8) in-
cluent une portion d’engagement de tube
d’échangeur de chaleur (8a) a travers laquelle
un trou de communication de portion d’engage-
ment (8b) est formé, dans lequel la portion d’en-
gagement de tube d’échangeur de chaleur (8a)
estengagée dans une partie de chacun des pre-
miers canaux d’écoulement de réfrigérant (1a)
et dans une partie de chacun des deuxiémes
canaux d’écoulement de réfrigérant (2a) ;

- dans lequel les premiers moyens de blocage
sont constitués par la portion d’engagement de
tube d’échangeur de chaleur (8a) qui est enga-
gée dans chacun des deuxiémes canaux
d’écoulement de réfrigérant (2a), et le trou de
communication de portion d’engagement (8b)
de chacune des portions d’engagement de tube
d’échangeur de chaleur (8a) communique avec
le trou associé parmiles premiers trous de com-
munication (3b) ; et

- dans lequel les deuxiemes moyens de blocage
sont constitués par la portion d’engagement de
tube d’échangeur de chaleur (8a) qui est enga-
gée dans chacun des premiers canaux d’écou-
lement de réfrigérant (1a), et le trou de commu-
nication de portion d’engagement (8b) de cha-
cune des portions d’engagement de tube
d’échangeur de chaleur (8a) communique avec
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le trou associé parmi les deuxiémes trous de
communication (4b).

2. Echangeurde chaleur dutype empilé (10, 10a) selon

la revendication 1,

dans lequel les premiers tubes d’échangeur de cha-
leur (1) et les deuxiemes tubes d’échangeur de cha-
leur (2) ont la méme longueur dans la direction dans
laquelle les réfrigérants s’écoulent a travers les ca-
naux d’écoulement de réfrigérant des premiers tu-
bes d’échangeur de chaleur (1) et des deuxiémes
tubes d’échangeur de chaleur (2), et ont la méme
largeur dans une direction dans le sens de la largeur
des canaux d’écoulement de réfrigérant.

Echangeur de chaleur du type empilé (10, 10a) selon
I'une quelconque des revendications 1 et 2,

dans lequel les premiers trous de communication
(3a-3d) et les deuxiémes trous de communication
(4a-4d) sont formés prés des deux extrémités, dans
une direction dans laquelle les réfrigérants s’écou-
lent, des canaux d’écoulement de réfrigérant des
premiers tubes d’échangeur de chaleur (1) et des
deuxiemes tubes d’échangeur de chaleur (2).

Echangeur de chaleur du type empilé (10, 10a) selon
la revendication 3,

dans lequel les deux groupes de premiers trous de
communication (3a-3d) sont formés a des positions
diagonales les unes par rapport aux autres dans le
premier tube d’échangeur de chaleur (1) et dans le
deuxieme tube d’échangeur de chaleur (2), vus de-
puis la direction d’empilement, et les deux groupes
de deuxiemes trous de communication (4a-4d) sont
formés a des positions diagonales les unes par rap-
port aux autres dans le premier tube d’échangeur de
chaleur (1) et dans le deuxiéme tube d’échangeur
de chaleur (2), vus depuis la direction d’empilement.

Echangeur de chaleur du type empilé (10, 10a) selon
I'une quelconque des revendications 1 a 4,

dans lequel le premier canal d’écoulement de réfri-
gérant (1a) du premier tube d’échangeur de chaleur
(1) ou le deuxiéme canal d’écoulement de réfrigérant
(2a) du deuxieéme tube d’échangeur de chaleur (2)
a une pluralité de rainures sur une surface de paroi
intérieure du premier canal d’écoulement de réfrigé-
rant (1a) ou du deuxieme canal d’écoulement de ré-
frigérant (2a).

Echangeur de chaleur du type empilé (10, 10a) selon
I'une quelconque des revendications 1 a 4,

dans lequel une plaque ondulée est placée dans le
premier canal d’écoulement de réfrigérant (1a) du
premier tube d’échangeur de chaleur (1) ou dans le
deuxieme canal d’écoulement de réfrigérant (2a) du
deuxieme tube d’échangeur de chaleur (2) ; et
danslequel une direction de créte des formes d’onde
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de la plaque ondulée coincide avec la direction dans
laquelle le réfrigérant s’écoule a travers le premier
canal d’écoulement de réfrigérant (1a) ou le deuxié-
me canal d’écoulement de réfrigérant (2a), et

des projections des formes d’onde sont en butée
contre une surface de paroi intérieure du premier
canal d’écoulement de réfrigérant (1a) ou du deuxié-
me canal d’écoulement de réfrigérant (2a).

Echangeur de chaleur du type empilé (10, 10a) selon
'une quelconque des revendications 1 a 6,

dans lequel le premier réfrigérant est du R410A, un
réfrigérant fluorocarboné ou un réfrigérant naturel
tel que dioxyde de carbone ou hydrocarbure ; et
dans lequel le deuxieme réfrigérant est de I'eau ou
une saumure.

Systeme de pompe a chaleur comprenant :

- un premier circuit de réfrigérant (100) qui est
constitué par un circuit de réfrigérant qui est for-
mé en connectant séquentiellement, au moyen
de tubes de réfrigérant, un compresseur (31),
I'échangeur de chaleur du type empilé (10, 10a)
selon 'une quelconque des revendications 1 a
7, un dispositif d’expansion et un échangeur de
chaleur c6té source de chaleur, et a travers le-
quel le premier réfrigérant s’écoule ; et

- un deuxieme circuit de réfrigérant (101) qui est
constitué par un circuit de réfrigérant qui est for-
mé en connectant séquentiellement, au moyen
de tubes de réfrigérant, une pompe (36), un
échangeur de chaleur cété utilisation (35) et
I'échangeur de chaleur du type empilé (10, 10a),
et a travers lequel le deuxieme réfrigérant
s’écoule.

Systeme de pompe a chaleur selon la revendication
8,

comprenant en outre un réservoir (38) contenant a
l'intérieur I'échangeur de chaleur cété utilisation
(35), dans lequel de I'eau a l'intérieur du réservoir
est chauffée ou refroidie en utilisant I'échangeur de
chaleur cbété utilisation (35).
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