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(54) HEAT EXCHANGER

(57) An economizer heat exchanger (6) comprises a
header (61), a first flat porous tube (64a), and a second
flat porous tube (64b). The header (61) has a first primary
channel (62a1) and a second primary channel (62a2), a
first refrigerant flowing through the first primary channel
(62a1), and a second refrigerant flowing through the sec-
ond primary channel (62a2). The first flat porous tube
(64a) has a plurality of first refrigerant-channel holes
(65a) through which the first refrigerant flows. The sec-
ond flat porous tube (64b) has a plurality of second re-
frigerant-channel holes (65b) through which the second
refrigerant flows. The header (61) has a tube-connecting
member (63). The tube-connecting member (63) forms
a first sub-channel (62c1) and a second sub-channel
(62¢2). The first sub-channel (62c1) allows the first pri-
mary channel (62a1) to be communicated with the first
refrigerant-channel holes (65a). The second sub-chan-
nel (62c2) allows the second primary channel (62a2) to
be communicated with the second refrigerant-channel
holes (65b). The first flat porous tube (64a) and the sec-
ond flat porous tube (64b) are in close contact to allow
heat exchange between the first refrigerant and the sec-
ond refrigerant.
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Description
TECHNICAL FIELD

[0001]
changer.

The present invention relates to a heat ex-

BACKGROUND ART

[0002] Heat exchangers that use flat porous tubes to
allow heat exchange between a refrigerant and a refrig-
erant are conventionally used in refrigeration cycles, as
disclosed in Patent Document 1 (Japanese Laid-Open
Patent Application No. 2007-163004). Two flat porous
tubes, through which flow two respective types of refrig-
erant that are subjected to heat exchange, are bonded
together in these heat exchangers. The flat porous tubes
in these heat exchangers are linked to a header so that
the alignment direction of refrigerant flow-channel holes
of the flat porous tubes proceeds along a longitudinal
direction of the header. The header must therefore be
lengthened in cases where a plurality of the flat porous
tubes are linked to the header, and the device is not read-
ily made more compact.

SUMMARY OF THE INVENTION
<Problems to be Solved by the Invention>

[0003] Itis an object of the presentinvention to provide
a compact heat exchanger.

<Means for Solving the Problems>

[0004] A heat exchanger according to a first aspect of
the presentinvention comprises a header, afirst flat tube,
and a second flat tube. The header has a first primary
channel and a second primary channel, a first refrigerant
flowing through the first primary channel, and a second
refrigerant flowing through the second primary channel.
Thefirstflattube is linked to the header. The first flat tube
is a flat porous tube that has a plurality of first refrigerant-
channel holes through which the first refrigerant flows.
The second flat tube is linked to the header. The second
flat tube is a flat porous tube that has a plurality of second
refrigerant-channel holes through which the second re-
frigerant flows. The header has a sub-channel-forming
member. The sub-channel-forming member forms a first
sub-channel and a second sub-channel. The first sub-
channel allows the first primary channel to be communi-
cated with the first refrigerant-channel holes. The second
sub-channel allows the second primary channel to be
communicated with the second refrigerant-channel
holes. The first flat tube and the second flat tube are in
close contact. In the first flat tube and the second flat
tube, heat is exchanged between the first refrigerant flow-
ing through the first refrigerant-channel holes and the
second refrigerant flowing through the second refriger-
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ant-channel holes.

[0005] In the heat exchanger according to the first as-
pect, the first primary channel of the header is commu-
nicated with the plurality of the first refrigerant-channel
holes of the first flat tube via the first sub-channel, and
the second primary channel of the header is communi-
cated with the plurality of the second refrigerant-channel
holes of the second flat tube via the second sub-channel.
The first flat tube is flat along the alignment direction of
the first refrigerant-channel holes. The first primary chan-
nel is formed along a longitudinal direction of the header.
In cases where the first refrigerant-channel holes are di-
rectly communicated with the first primary channel, the
first flat tube must be linked to the header so that the
flatness direction of the first flat tube proceeds along the
longitudinal direction of the header. The header must
therefore be long in cases where a plurality of the first
flat tubes are linked to the header, and therefore the heat
exchanger is not readily made more compact. Mean-
while, in the heat exchanger according to the first aspect,
the refrigerant-channel holes are communicated with the
first primary channel via the first sub-channel, whereby
the first flat tube need not be linked to the header so that
the flatness direction of the first flat tube proceeds along
the longitudinal direction of the header. The case is the
same for the second flat tube. Therefore, the header does
not need to be lengthened, and the heat exchanger ac-
cording to the first aspect can be made more compact.
[0006] A heatexchangeraccording to asecond aspect
of the present invention is the heat exchanger according
to the first aspect, wherein the first flat tube and the sec-
ond flat tube are linked to the header so that a cross-
sectional longitudinal direction intersects a longitudinal
direction of the header, the cross-sectional longitudinal
direction being alignment directions of the first refriger-
ant-channel holes and the second refrigerant-channel
holes.

[0007] A heatexchanger according to a third aspect of
the present invention is the heat exchanger according to
the second aspect, wherein the first flat tube and the sec-
ond flat tube are linked to the header so that the cross-
sectional longitudinal direction is perpendicular to the lon-
gitudinal direction of the header.

[0008] Inthe heat exchanger according to the third as-
pect, the first flat tube is linked to the header so that the
flatness direction of the first flat tube is perpendicular to
the longitudinal direction of the header. The case is the
same for the second flat tube. The heat exchanger ac-
cording to the third aspect can therefore be efficiently
made more compact.

[0009] A heat exchanger according to a fourth aspect
of the present invention is the heat exchanger according
to any of the first through third aspects, wherein the sub-
channel-forming member comprises a tube-adhering
member adhered to end parts of the first flat tube and
the second flat tube and immobilized on the header.
[0010] In the heat exchanger according to the fourth
aspect, amember for linking the first flat tube to the head-
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er and a member for linking the second flat tube to the
header can be integrated. The number of components
can therefore be minimized in the heat exchanger ac-
cording to the fourth aspect, and manufacturing costs
can therefore be limited.

[0011] A heat exchanger according to a fifth aspect of
the present invention is the heat exchanger according to
the fourth aspect, wherein the sub-channel-forming
member further comprises a tube-immobilizing member
for immobilizing the end parts of the first flat tube and the
second flat tube along with the tube-adhering member.
[0012] A heat exchanger according to a sixth aspect
of the present invention is the heat exchanger according
to any of the first through fifth aspects, wherein the sub-
channel-forming member forms a plurality of the first sub-
channels and a plurality of the second sub-channels.
[0013] Aheatexchangeraccordingto aseventhaspect
of the present invention is the heat exchanger according
to any of the first through sixth aspects, wherein the first
refrigerant and the second refrigerant are carbon dioxide.

<Effect of the Invention>

[0014] The heat exchanger according to the first
through seventh aspects of the present invention can be
made more compact. The manufacturing costs of the
heat exchanger according to the fourth through sixth as-
pects of the present invention can be limited.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

FIG. 1 is a schematic diagram of an air-conditioning
device of an embodiment of the present invention;
FIG. 2is afrontview of an economizer heat exchang-
er of the embodiment of the present invention;

FIG. 3is a top view of the economizer heat exchang-
er of the embodiment of the present invention;

FIG. 4 is a cross-sectional view in a horizontal direc-
tion of the economizer heat exchanger of the em-
bodiment of the present invention;

FIG. 5 is a cross-sectional view in a horizontal direc-
tion of the economizer heat exchanger of the em-
bodiment of the present invention;

FIG. 6 is a cross-sectional view in a vertical direction
of the economizer heat exchanger of the embodi-
ment of the present invention;

FIG. 7 is a cross-sectional view in a vertical direction
of the economizer heat exchanger of the embodi-
ment of the present invention;

FIG. 8 is an exterior view of a channel-forming mem-
ber of the embodiment of the present invention;
FIG. 9 is a cross-sectional view of a first flat porous
tube and a second flat porous tube of the embodi-
ment of the present invention;

FIG. 10 is a front view of a tube-adhering member
of the embodiment of the present invention;
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FIG. 11is afrontview of a tube-immobilizing member
of the embodiment of the present invention;

FIG. 12 is a front view of a spacer member of the
embodiment of the present invention;

FIG. 13 is a drawing showing flow of a refrigerant
within the economizer heat exchanger of the embod-
iment of the present invention;

FIG. 14 is an exterior view of a header andflat porous
tubes of the economizer heat exchanger of the em-
bodiment of the present invention; and

FIG. 15is an exterior view of a header andflat porous
tubes of a conventional refrigerant-refrigerant heat
exchanger.

DESCRIPTION OF EMBODIMENTS

[0016] An embodiment of a heat exchanger according
to the present invention will be described below on the
basis of the drawings. The embodiment of the heat ex-
changer according to the present invention is a specific
example of the present invention and does not limit the
technical scope of the present invention.

(1) Configuration of air-conditioning device

[0017] FIG. 1 is a schematic diagram of an air-condi-
tioning device 1 that serves as an example of a refriger-
ating device provided with a heat exchanger according
to the present invention. The air-conditioning device 1
has a refrigerant circuit 10 configured so as to allow air-
cooling operations, uses carbon dioxide or another re-
frigerant active in the supercritical region, and performs
a two-stage compression refrigeration cycle. The refrig-
erant circuit 10 primarily has a compression mechanism
2, a heat-source-side heat exchanger 3, an expansion
mechanism 4, a usage-side heat exchanger 5, and an
economizer heat exchanger 6. These components will
be described next.

(1-1) Compression mechanism

[0018] The compression mechanism 2 compresses re-
frigerant from a low pressure in the refrigeration cycle to
a high pressure in the refrigeration cycle. The compres-
sion mechanism 2 is a compressor 21 that uses two com-
pression elements and compresses the refrigerantin two
stages. The compressor 21 has an airtight structure that
accommodates a compression-element-driving motor
21b, adrive shaft 21c, afirst-stage compression element
2c, and a second-stage compression element 2d in a
casing 21a. The compression-element-driving motor 21b
is linked to the drive shaft 21c. The drive shaft 21c is
linked to the first-stage compression element 2¢ and the
second-stage compression element 2d. In other words,
the compressor 21 has a uniaxial two-stage compression
structure in which the compression-element-driving mo-
tor 21b drives the first-stage compression element 2¢
and the second-stage compression element 2d via the
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single drive shaft 21 c.

[0019] The compressor 21 takes in low-pressure re-
frigerant from an intake tube 2a, uses the first-stage com-
pression element 2c to compress the refrigerant taken
in, and then discharges compressed intermediate-pres-
sure refrigerant to an intermediate-pressure-refrigerant
tube 7. The compressor21 thentakes in the intermediate-
pressure refrigerant discharged to the intermediate-pres-
sure-refrigerant tube 7, uses the second-stage compres-
sion element 2d to compress the refrigerant taken in, and
then discharges the compressed high-pressure refriger-
ant to a discharge tube 2b.

(1-2) Heat-source-side heat exchanger

[0020] The heat-source-side heat exchanger 3 is a ra-
diator for cooling the high-pressure refrigerant com-
pressed by the compression mechanism 2. The heat-
source-side heat exchanger 3 causes heatexchange be-
tween air, which acts as a coolant source, and the refrig-
erant flowing within the heat-source-side heat exchanger
3. The heat-source-side heat exchanger 3 is connected
to the compression mechanism 2 via afirst high-pressure
refrigerant tube 3a and the discharge tube 2b. The first
high-pressure refrigerant tube 3a is connected to an inlet
of the heat-source-side heat exchanger 3 and to the dis-
charge tube 2b. The heat-source-side heat exchanger 3
is connected to the economizer heat exchanger 6 and
an injection part 8, which will be described hereinafter,
via a second high-pressure refrigerant tube 3b. The sec-
ond high-pressure refrigerant tube 3b is connected to an
outlet of the heat-source-side heat exchanger 3, to an
inlet of the economizer heat exchanger 6 (an inlet of a
channel for refrigerant sent from the heat-source-side
heat exchanger 3 to the expansion mechanism 4) and to
an inlet of the injection part 8 (an inlet of a channel for
refrigerant diverted from the second high-pressure refrig-
erant tube 3b).

(1-3) Expansion mechanism

[0021] The expansion mechanism 4 decompresses
the high-pressure refrigerant, which was cooled in the
heat-source-side heat exchanger 3 and the economizer
heat exchanger 6, to near the low pressure of the refrig-
eration cycle before sending the refrigerant to the usage-
side heat exchanger 5. The expansion mechanism 4 is,
e.g., an electrically operated expansion valve. The ex-
pansion mechanism 4 is connected to the economizer
heat exchanger 6 via a third high-pressure refrigerant
tube 3c. The third high-pressure refrigerant tube 3c is
connected to an outlet of the economizer heat exchanger
6 (an outlet of a channel for refrigerant sent from the heat-
source-side heat exchanger 3 to the expansion mecha-
nism 4) and to an inlet of the expansion mechanism 4.
The expansion mechanism 4 is connected to the usage-
side heat exchanger 5 via a first low-pressure refrigerant
tube 5a. The first low-pressure refrigerant tube 5a is con-
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nected to an outlet of the expansion mechanism 4 and
to an inlet of the usage-side heat exchanger 5.

(1-4) Usage-side heat exchanger

[0022] The usage-side heat exchanger 5 is an evapo-
rator for heating and evaporating the low-pressure refrig-
erant that was decompressed by the expansion mecha-
nism 4. The usage-side heat exchanger 5 causes heat
exchange between air, which serves as a heat source,
and the refrigerant flowing within the usage-side heat ex-
changer 5. The usage-side heat exchanger 5 is connect-
ed to the expansion mechanism 4 via the first low-pres-
sure refrigerant tube 5a. The usage-side heat exchanger
5 is connected to the compression mechanism 2 via a
second low-pressure refrigerant tube 5b. The second
low-pressure refrigerant tube 5b is connected to an outlet
of the usage-side heat exchanger 5 and to the intake
tube 2a.

(1-5) Economizer heat exchanger

[0023] The economizer heat exchanger 6 causes heat
exchange between the high-pressure refrigerant sent
from the heat-source-side heat exchanger 3 to the ex-
pansion mechanism 4 and the intermediate-pressure re-
frigerant flowing through the injection part 8.

[0024] The injection part 8 diverts the high-pressure
refrigerant flowing from the heat-source-side heat ex-
changer 3 to the expansion mechanism 4 and returns
the refrigerant to the inlet of the second-stage compres-
sion element 2d. Specifically, the injection part 8 diverts
refrigerant from the second high-pressure refrigerant
tube 3b and returns the refrigerant to the intermediate-
pressure-refrigerant tube 7. The injection part 8 compris-
es a first injection tube 8a and a second injection tube
8b. The first injection tube 8a connects the second high-
pressure refrigerant tube 3b with an inlet of the econo-
mizer heat exchanger 6 (an inlet of a channel for refrig-
erant diverted from the second high-pressure refrigerant
tube 3b). The second injection tube 8b connects an outlet
of the economizer heat exchanger 6 (an outlet of a chan-
nelfor refrigerant diverted from the second high-pressure
refrigerant tube 3b) with the intermediate-pressure-re-
frigerant tube 7. An injection valve 8c that functions as a
return valve having a controllable opening degree is pro-
vided to the first injection tube 8a. The injection valve 8c
is, e.g., an electrically operated expansion valve. The
injection valve 8c decompresses the high-pressure re-
frigerant diverted from the second high-pressure refrig-
erant tube 3b to around the intermediate pressure of the
refrigerant flowing within the intermediate-pressure-re-
frigerant tube 7.

[0025] In the economizer heat exchanger 6, the high-
pressure refrigerant sent from the heat-source-side heat
exchanger 3 to the expansion mechanism 4 is cooled by
heat exchange with the intermediate-pressure refrigerant
flowing through the injection part 8. Meanwhile, the in-
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termediate-pressure refrigerant flowing through the in-
jection part 8 is heated and evaporated by heat exchange
with the high-pressure refrigerant, which is sent from the
heat-source-side heat exchanger 3 to the expansion
mechanism 4, while temporarily flowing in a gas-liquid
two-phase state. After passing through the second injec-
tion tube 8b, the evaporated intermediate-pressure re-
frigerant merges with the refrigerant flowing through the
intermediate-pressure-refrigerant tube 7.

(2) Action of the air-conditioning device

[0026] The action of the air-conditioning device 1 dur-
ing air-cooling operations will be described next on the
basis of the flow of refrigerant circulating through the re-
frigerant circuit 10. The refrigerant at the low pressure of
the refrigeration cycle is taken in from the intake tube 2a
to the compression mechanism 2. The low-pressure re-
frigerant taken in to the compression mechanism 2 is
compressed to the intermediate pressure of the refriger-
ation cycle by the first-stage compression element 2c
and then discharged to the intermediate-pressure-refrig-
erant tube 7. In the intermediate-pressure-refrigerant
tube 7, the intermediate-pressure refrigerant discharged
from the first-stage compression element 2c is merged
with the intermediate-pressure refrigerant returned from
the second injection tube 8b. The merged intermediate-
pressure refrigerant is taken in to the second-stage com-
pression element 2d and compressed to the high pres-
sure of the refrigeration cycle by the second-stage com-
pression element 2d. The compressed high-pressure re-
frigerantis discharged from the compression mechanism
2 to the discharge tube 2b.

[0027] The high-pressure refrigerant discharged from
the compression mechanism 2 is sent through the first
high-pressure refrigerant tube 3a to the heat-source-side
heat exchanger 3. The high-pressure refrigerant sent to
the heat-source-side heat exchanger 3 is subjected to
heat exchange with outside air and cooled by the heat-
source-side heat exchanger 3. A portion of the high-pres-
sure refrigerant cooled by the heat-source-side heat ex-
changer 3 is diverted in the second high-pressure refrig-
erant tube 3b to the first injection tube 8a. The high-pres-
sure refrigerant diverted to the first injection tube 8a is
decompressed to around the intermediate pressure of
the refrigeration cycle by the injection valve 8c and is
then sent to the economizer heat exchanger 6. Mean-
while, the high-pressure refrigerant subsequent to the
diversiontothefirstinjectiontube 8a (i.e., refrigerant flow-
ing through the second high-pressure refrigerant tube
3b) is sent to the economizer heat exchanger 6.

[0028] In the economizer heat exchanger 6, the high-
pressure refrigerant from the second high-pressure re-
frigerant tube 3b is subjected to heat exchange with the
intermediate-pressure refrigerant from the first injection
tube 8a and cooled. Meanwhile, the intermediate-pres-
sure refrigerant from the first injection tube 8a is subject-
ed to heat exchange with the high-pressure refrigerant
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from the second high-pressure refrigerant tube 3b, heat-
ed, and returned through second injection tube 8b to the
intermediate-pressure-refrigerant tube 7.

[0029] The high-pressure refrigerant cooled in the
economizer heat exchanger 6 is sent through the third
high-pressure refrigerant tube 3c to the expansion mech-
anism 4. The high-pressure refrigerant sent to the ex-
pansion mechanism 4 is decompressed by the expansion
mechanism 4, enters a gas-liquid two-phase state at the
low pressure ofthe refrigeration cycle, and is sent through
the first low-pressure refrigerant tube 5a to the usage-
side heat exchanger 5. The low-pressure, gas-liquid two-
phase refrigerant sent to the usage-side heat exchanger
5 is subjected to heat exchange with outside air, heated,
and evaporated by the usage-side heatexchanger5. The
low-pressure refrigerant that was heated and evaporated
by the usage-side heat exchanger 5 is once again taken
in to the compression mechanism 2 through the second
low-pressure refrigerant tube 5b and the intake tube 2a.
The air-conditioning device 1 thus circulates refrigerant
within the refrigerant circuit 10 and performs air-cooling
operations.

(3) Detailed configuration of the economizer heat ex-
changer

[0030] The detailed configuration of the economizer
heat exchanger 6 will be described next. The economizer
heat exchanger 6 in the present embodiment is a heat
exchanger according to the present invention. FIG. 2 is
a front view of the economizer heat exchanger 6. FIG. 3
is a top view of the economizer heat exchanger 6. FIG.
2 is a front view from the direction of an arrow Il shown
in FIG. 3. FIG. 3 is a top view from the direction of an
arrow lll shown in FIG. 2. FIGS. 4 and 5 are cross-sec-
tional views in a horizontal direction cut along cut line V-
IV and cut line V-V, respectively, in FIG. 2. FIGS. 6 and
7 are cross-sectional views in a vertical direction cut
along cut line VI-VI and cut line VII-VII, respectively, in
FIG. 3. The economizer heat exchanger 6 primarily com-
prises a pair of headers 61, a plurality of first flat porous
tubes 64a, and a plurality of second flat porous tubes
64b. These components will be described next.

(3-1) Headers

[0031] Bothofthe pairofthe headers 61 have the same
structure, and therefore only one of the headers 61 will
be described below. The header 61 is positioned so that
the longitudinal direction thereof proceeds along the ver-
tical direction. The header 61 has a channel-forming
member 62 and a tube-connecting member 63. The
channel-forming member 62 has, therein, a first primary
channel 62a1, a second primary channel 62a2, a plurality
of first linking channels 62b1, and a plurality of second
linking channels 62b2. The first linking channels 62b1
and the second linking channels 62b2 are communicated
with the first primary channel 62a1 and the second pri-
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mary channel 62a2, respectively, as shown in FIGS. 4
through 7. FIG. 8 is an exterior view of the channel-form-
ing member 62 seen from an arrow VIl in FIG. 4. The
first linking channels 62b1 and the second linking chan-
nels 62b2 open in alternation along the longitudinal di-
rection of the channel-forming member 62 on an opening
surface 62s of the channel-forming member 62, as shown
in FIG. 8. The first linking channels 62b1 open on the
opening surface 62s along the first primary channel 62a1,
and the second linking channels 62b2 open on the open-
ing surface 62s along the second primary channel 62a2.
[0032] The high-pressure refrigerant from the second
high-pressure refrigerant tube 3b flows in the first primary
channel 62a1 and the first linking channels 62b1. The
intermediate-pressure refrigerant from the first injection
tube 8a flows in the second primary channel 62a2 and
the second linking channels 62b2. Refrigerant in the first
primary channel 62a1 flows in the vertical direction, and
refrigerant in the first linking channels 62b1 is diverted
from the first primary channel 62a1 and flows in a hori-
zontal direction. Refrigerant in the second primary chan-
nel 62a2 flows in the vertical direction, and refrigerant in
the second linking channels 62b2 is diverted from the
second primary channel 62a2 and flows in the horizontal
direction.

[0033] The tube-connecting member 63 connects the
channel-forming member 62, the first flat porous tubes
64a, and the second flat porous tubes 64b. The detailed
configuration of the tube-connecting member 63 will be
described hereinafter.

(3-2) First flat porous tubes and second flat porous tubes

[0034] The first flat porous tubes 64a have a plurality
of first refrigerant-channel holes 65a. The first flat porous
tubes 64a are positioned so that the alignment direction
of the first refrigerant-channel holes 65a is in the hori-
zontal direction, i.e., so that the normal to the flat surface
indicates the vertical direction. The second flat porous
tubes 64b have a plurality of second refrigerant-channel
holes 65b. The second flat porous tubes 64b are posi-
tioned so that the alignment direction of the second re-
frigerant-channel holes 65b is in the horizontal direction,
i.e., so that the normal to the flat surface indicates the
vertical direction.

[0035] Pairs of a single one of the first flat porous tubes
64a and a single one of the second flat porous tubes 64b,
which are brought into close contact at the flat surfaces,
are positioned at a plurality of stages along the longitu-
dinal direction of the header 61 in the present embodi-
ment, as shown in FIG. 2. Both end parts of the first flat
porous tubes 64a and the second flat porous tubes 64b
are linked respectively to the pair of the headers 61.
[0036] FIG. 9is a cross-sectional view of the first flat
porous tubes 64a and the second flat porous tubes 64b
cutalongacutline IX-IXinFIG. 3. The alignmentdirection
of the first refrigerant-channel holes 65a of the first flat
porous tubes 64a and the alignment direction of the sec-
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ond refrigerant-channel holes 65b of the second flat po-
rous tubes 64b are perpendicular to the longitudinal di-
rection of the headers 61, as shown in FIG. 9.

(3-3) Tube-connecting member

[0037] The tube-connecting member 63 is configured
from a tube-adhering member 63a, a tube-immobilizing
member 63b, and a spacer member 63c, as shown in
FIGS. 4 through 7. FIG. 10 is a front view of the tube-
adhering member 63a. FIG. 11 is a front view of the tube-
immobilizing member 63b. FIG. 12 is a front view of the
spacer member 63c. FIGS. 10 through 12 are all external
views from an arrow VIII in FIG. 4.

[0038] The tube-adhering member 63a has a U-
shaped cross-section when viewed along the vertical di-
rection, as shown in FIGS. 4 through 7. In the tube-ad-
hering member 63a, a plurality of flat-tube-fitting insertion
holes 63a1 are positioned in the vertical direction, as
shown in FIG. 10. End parts of the first flat porous tubes
64a and the second flat porous tubes 64b are fit into the
respective flat-tube-fitting insertion holes 63a1. The flat-
tube-fitting insertion holes 63a1 immobilize the end parts
of the first flat porous tubes 64a and the second flat po-
rous tubes 64b.

[0039] The tube-immobilizing member 63b is a plate-
shaped member positioned in close contact with the tube-
adhering member 63a and the spacer member 63c in a
space surrounded by the tube-adhering member 63aand
the channel-forming member 62, as shown in FIGS. 4
through 7. A plurality of flat-tube-fastening holes 63b1
are positioned in the vertical direction in the tube-immo-
bilizing member 63b, as shown in FIG. 11. The flat-tube-
fastening holes 63b1 have two convex parts 63b2 at a
center part in the horizontal direction. Along with the flat-
tube-fitting insertion holes 63a1, the convex parts 63b2
immobilize the end parts of the first flat porous tubes 64a
and the second flat porous tubes 64b. The height of the
convex parts 63b2 is less than the thickness of the first
flat porous tubes 64a and the second flat porous tubes
64b.

[0040] The spacer member 63c is a plate-shaped
member positioned in close contact with the tube-immo-
bilizing member 63b and the opening surface 62s of the
channel-forming member 62 in a space surrounded by
the tube-adhering member 63a and the channel-forming
member 62, as shown in FIGS. 4 through 7. In the spacer
member 63c, a plurality of spacer holes 63c1 are posi-
tioned in the vertical direction, as shown in FIG. 12. A
portion of the end surface of the first flat porous tubes
64a and the second flat porous tubes 64b contacts the
end surface of the spacer member 63c, as shown in
FIGS. 4 and 5.

[0041] The height-wise positions of the first linking
channels 62b1 and the second linking channels 62b2
that open on the opening surface 62s of the channel-
forming member 62 in the presentembodimentare equiv-
alent to the height-wise positions of the flat-tube-fitting
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insertion holes 63a1, flat-tube-fastening holes 63b1, and
the spacerholes 63c1. The first refrigerant-channel holes
65a and the second refrigerant-channel holes 65b are
thereby communicated with the first linking channels
62b1 andthe second linking channels 62b2, respectively,
via the spacer holes 63c1. Below, the spacer holes 63c1
that is communicated with the first linking channels 62b1
will be called first sub-channels 62c1, and the spacer
holes 63c1 that is communicated with the second linking
channels 62b2 will be called second sub-channels 62c2.
The first sub-channels 62c1 are spaces that, along with
the first linking channels 62b1, allow the first refrigerant-
channel holes 65a to be communicated with the first pri-
mary channel 62a1. The second sub-channels 62c2 are
spaces that, along with the second linking channels 62b2,
allow the second refrigerant-channel holes 65b to be
communicated with the second primary channel 62a2.

(4) Flow of refrigerant in the economizer heat exchanger

[0042] Heat exchange in the economizer heat ex-
changer 6 will be described with reference to FIG. 13.
The high-pressure refrigerant that is cooled by the heat-
source-side heat exchanger 3 and made to flow through
the second high-pressure refrigerant tube 3b is provided
to thefirst primary channel 62a1 within one ofthe headers
61 of the economizer heat exchanger 6. The high-pres-
sure refrigerant flowing through the first primary channel
62a1 is split into the first sub-channels 62c1 via the first
linking channels 62b1 and flows into the first refrigerant-
channel holes 65a of the first flat porous tubes 64a.
[0043] Meanwhile, the intermediate-pressure refriger-
ant, which was diverted from the second high-pressure
refrigerant tube 3b, decompressed by the injection valve
8c, and made to flow through the first injection tube 8a,
is supplied to the second primary channel 62a2 within
the header 61 on the opposite side from the header to
which the high-pressure refrigerant is supplied. The in-
termediate-pressure refrigerant flowing through the sec-
ond primary channel 62a2 is split into the second sub-
channels 62c2 via the second linking channels 62b2 and
flows into the second refrigerant-channel holes 65b of
the second flat porous tubes 64b.

[0044] The high-pressure refrigerant flowing through
the first refrigerant-channel holes 65a of the first flat po-
rous tubes 64a exchanges heat with the intermediate-
pressure refrigerant flowing through the second refriger-
ant-channel holes 65b of the second flat porous tubes
64b that are in close contact with the first flat porous tubes
64a. The direction of flow of the high-pressure refrigerant
in the first refrigerant-channel holes 65a is opposite from
the direction of flow of the intermediate-pressure refrig-
erant in the second refrigerant-channel holes 65b, as
shown in FIG. 13.

[0045] The high-pressure refrigerant that has passed
through the first refrigerant-channel holes 65a and been
subjected to heat exchange flows into the first primary
channel 62a1 within the header 61 on the opposite side.
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Finally, the high-pressure refrigerant is sent from the first
primary channel 62a1 to the third high-pressure refriger-
ant tube 3c. Meanwhile, the intermediate-pressure refrig-
erant that has passed through the second refrigerant-
channel holes 65b and been subjected to heat exchange
flows into the second primary channel 62a2 within the
header 61 on the opposite side. Finally, the intermediate-
pressure refrigerant is sent from the second primary
channel 62a2 to the second injection tube 8b.

(5) Characteristics

[0046] In the economizer heat exchanger 6 of the
present embodiment, the high-pressure refrigerant that
flows through the first primary channel 62a1 of the header
61 is split into the first sub-channels 62c¢c1 and then flows
into the first refrigerant-channel holes 65a of the first flat
porous tubes 64a. The intermediate-pressure refrigerant
that flows through the second primary channel 62a2 of
the header 61 is split into the second sub-channels 62c2
and then flows into the second refrigerant-channel holes
65b of the second flat porous tubes 64b. The first sub-
channels 62c1 and the second sub-channels 62c2 are
spaces formed by the tube-connecting member 63.
[0047] In the economizer heat exchanger 6, the first
flat porous tubes 64a and the second flat porous tubes
64b are linked to the headers 61 so that the alignment
direction of the first refrigerant-channel holes 65a of the
first flat porous tubes 64a and the alignment direction of
the second refrigerant-channel holes 65b of the second
flat porous tubes 64b are perpendicular to the longitudinal
direction of the headers 61, as shown in FIG. 14. The
tube-connecting member 63 that forms the first sub-
channels 62c1 and the second sub-channels 62c2 is
used in the present embodiment, whereby the first flat
porous tubes 64a and the second flat porous tubes 64b
can be linked to the headers 61, as shown in FIG. 14.
[0048] In a conventional heat exchanger such as
shown in FIG. 15, a plurality of flat porous tubes are linked
to headers so that the alignment direction of refrigerant-
channel holes within the flat porous tubes proceeds along
a longitudinal direction of the headers. The headers in
this heat exchanger must be long in order to link the plu-
rality of the flat porous tubes to the headers, and this heat
exchanger is therefore not readily made more compact.
On the other hand, in the economizer heat exchanger 6
of the present embodiment as shown in FIG. 14, the plu-
rality of the flat porous tubes 64a, 64b can be efficiently
linked to the headers 61, and therefore the length of the
header 61 can be reduced in comparison to the conven-
tional heat exchanger shown in FIG. 15. The economizer
heat exchanger 6 of the present embodiment can there-
fore readily be made more compact.
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(6) Modifications
(6-1) Modification A

[0049] The economizer heat exchanger 6 was de-
scribed as the heat exchanger according to the present
invention in the present embodiment, but the heat ex-
changer according to the present invention can be ap-
plied generally to heat exchangers for causing heat ex-
change between a refrigerant and a refrigerant.

(6-2) Modification B

[0050] In the present embodiment, the first flat porous
tubes 64a andthe secondflat porous tubes 64b are linked
to the headers 61 so that the alignment directions of the
first refrigerant-channel holes 65a and the second refrig-
erant-channel holes 65b are perpendicular to the longi-
tudinal direction of the header 61, but it may be applicable
as long as the alignment directions of the first refrigerant-
channel holes 65a and the second refrigerant-channel
holes 65b intersect the longitudinal direction of the head-
er 61.

[0051] Even in the present modification, the plurality
of the flat porous tubes 64a, 64b can be efficiently linked
to the headers 61 in comparison to a conventional heat
exchanger such as shown in FIG. 15, and therefore the
length of the headers 61 can be reduced. The economizer
heat exchanger 6 of the present modification can there-
fore also be readily made more compact.

INDUSTRIAL APPLICABILITY

[0052] The heat exchanger according to the present
invention can be readily made more compact.

REFERENCE SIGNS LIST

[0053]

6 Economizer heat exchanger (heat exchanger)
61 Header

62a1  First primary channel

62a2  Second primary channel

63 Tube-connecting member (sub-channel-form-
ing member)

63a Tube-adhering member

63b Tube-immobilizing member

62c1 First sub-channels

62c2  Second sub-channels

64a First flat porous tubes (first flat tubes)

64b Second flat porous tubes (second flat tubes)

65a First refrigerant-channel holes

65b Second refrigerant-channel holes
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CITATION LIST
PATENT LITERATURE

[0054] [Patent Document 1] Japanese Laid-Open Pat-
ent Application No. 2007-163004

Claims
1. A heat exchanger (6), comprising:

a header (61) having a first primary channel
(62a1) and a second primary channel (62a2), a
first refrigerant flowing through the first primary
channel, and a second refrigerant flowing
through the second primary channel;

a first flat tube (64a) linked to the header and
having a plurality of first refrigerant-channel
holes (65a), the first refrigerant flowing through
the first refrigerant-channel holes, and the first
flat tube being a flat porous tube; and

a second flat tube (64b) linked to the header and
having a plurality of second refrigerant-channel
holes (65b), the second refrigerant flowing
through the second refrigerant-channel holes,
and the second flat tube being a flat porous tube,
the header having a sub-channel-forming mem-
ber (63) for forming a first sub-channel (62c1)
and a second sub-channel (62c2), the first sub-
channel allowing the first primary channel to be
communicated with the first refrigerant-channel
holes, and the second sub-channel allowing the
second primary channel to be communicated
with the second refrigerant-channel holes; and
the first flat tube and the second flat tube being
in close contact, and heat being exchanged be-
tween the first refrigerant flowing through the
first refrigerant-channel holes and the second
refrigerant flowing through the second refriger-
ant-channel holes.

2. The heat exchanger according to claim 1, wherein
the first flat tube and the second flat tube are linked
to the header so that a cross-sectional longitudinal
direction intersects a longitudinal direction of the
header, the cross-sectional longitudinal direction be-
ing alignment directions of the first refrigerant-chan-
nel holes and the second refrigerant-channel holes.

3. The heat exchanger according to claim 2, wherein
the first flat tube and the second flat tube are linked
to the header so that the cross-sectional longitudinal
direction is perpendicular to the longitudinal direction
of the header.

4. The heat exchanger according to any of claims 1
through 3, wherein the sub-channel-forming mem-
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ber comprises a tube-adhering member (63a) to
which end parts of the first flat tube and the second
flat tube are adhered, the tube-adhering member be-
ing immobilized on the header.

The heat exchanger according to claim 4, wherein
the sub-channel-forming member further comprises
a tube-immobilizing member (63b) for immobilizing
the end parts of the first flat tube and the second flat
tube along with the tube-adhering member.

The heat exchanger according to any of claims 1
through 5, wherein the sub-channel-forming mem-
ber forms a plurality of the first sub-channels and a
plurality of the second sub-channels.

The heat exchanger according to any of claims 1
through 6, wherein the first refrigerant and the sec-
ond refrigerant are carbon dioxide.

10

15

20

25

30

35

40

45

50

55

16



EP 2 738 507 A1

5a 3¢ I > o
s ; S S
e
__j%&?ak
5 8 3
—~-3a
%
5b

10



EP 2 738 507 A1

¢ 'Ol

K
l}/

99

.

19

1"



EP 2 738 507 A1

I

_ !
I LPZ9 " ] 1DZ9
| R .
NS A

NUS&H? ; [ ZpZ9

29 mmun A op9 g 29
5\ ME

12



EP 2 738 507 A1

62a2

[ LLLL LLLL 4

7777777 777777 A
777773
4 7 ] \

- L

62al

62c1 62b1

FIG. 4

13



EP 2 738 507 A1

61\\
63\\ 62
63b
63a ) 63c
64b 62a2
6%3
7777777777777 777,
Sobop e
65b~— w2227z 777777
65b—=¥
65b WZTTTZZ 77777777777 77777
65b "4 ZL gl
65!35—5/6\h TITI7TZ > 7. /// /Al f
Iz

62al

14



EP 2 738 507 A1

61

63
63b
63a 6350 /62
{\/
S % ,/J\\_/62a1
621 4\4§
64a SN /\%/azm
%SZCZ 4§z §
64b—2Z
621
64a__ 021 \XZ\,\§/62M
%ﬁ;zcz_f N
64b N
64a 6201/ N/ 62b1
%5%@@32&\ hz\
64b T
62¢1
64a__ o \f%Z&r\Q/sz
NG
64b S 7\ N
-

15



EP 2 738 507 A1

61
63

\

63b
63a \63>c /62
N

~_-62a2

><

NN

VAN L

644 62c1]

%02
64b

64a 62c1]

@%@6202
645

642 62¢1,

%cz
64b—Rezz

644 62c1]

%@@62&4
64b

N

SSNSSSS
/e

AT

62b2

s ////;7

ISSNISS
Y.
N

N \
N ’RiﬁKg

- 62b2

SN

62b2

%jNQ//
)

- 62b2

VA

?

FIG. 7



EP 2 738 507 A1

62

62s

i
o~ 62bT
I
/:’“\ ~
|
]
o] 62bT
|
|
|
|
|
o] 62bT

[ s e i s o e i . s o o S A e S S g i Bt St i i S

FIG. 8

17



EP 2 738 507 A1

FIG. 9

4G9 959 959 999

%&m@%&m\\%\\%\\\%\\&@
pS9)PS9)059)069 S
0G9 PGY DGY DGY

FIG. 10

63a

63al— T ——C=

63al—— =

63al— | —=

63al— T —C=

63al— | —c=

18



FIG. 11

FIG. 12

EP 2 738 507 A1

63b2—
63b1—— (=

63b2———— 7

63b2\v/\

63b2——— 7
\—’\//ﬂ

63b2 —

63b1—
63b2~——::::f5:;‘_,///

6302 —
63b1—— (=

63b2————7

632 ——
63b1—— (=

6362 ————— 7

63clt—|—L=

63cl—T——[+

63cl—|T——(=

63cl— | ——(=

63cl— T —L=

19

63b

63c



EP 2 738 507 A1

¢T "OId

LBZ9 ¢oe9 LBZ9 ¢pT9

q¢

LINVHIOIH4TY
JdNSSTHd-3LVIAINSETLNI

40 MO =---

INVHIOE43Y
FHUNSSIHd-HOIH 40 MO =—

20



EP 2 738 507 A1

61

J

62

63

21

64a
64b

64a
64b

64a
64b



EP 2 738 507 A1

HEADER

FLAT POROUS TUBES

FRIGERANT-CHANNEL
HOLES

FIG. 15

22



EP 2 738 507 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2012/068296

A. CLASSIFICATION OF SUBJECT MATTER
F28D7/00(2006.01)1, F28F1/02(2006.01)1,
(2006.01)1

F28F9/02(2006.01)1, F28F9/16

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

F28D7/00, F28F1/02, F28F9/02, F28F9/16

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1922-199%6 1996-2012

Kokai Jitsuyo Shinan Koho 1971-2012

Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1994-2012

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

09 October 1998 (09.10.1998),

entire text; all drawings (particularly,
paragraphs [0011] to [0024]; fig. 1 to 3, 5)
(Family: none)

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2007-333304 A (Valeo Thermal Systems Japan 1,6,7
Y Corp.), 2-5
27 December 2007 (27.12.2007),
entire text; all drawings (particularly,
paragraphs [0011] to [0024]; fig. 1 to 15
(particularly, fig. 6))
& EP 1867944 A2
Y JP 10-267585 A (Denso Corp.), 2-5

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

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

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

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

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

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

the priority date claimed

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

the principle or theory underlying the invention

“X"”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

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

being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

25 September, 2012 (25.09.12)

Date of mailing of the international search report

02 October, 2012 (02.10.12)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)

23




EP 2 738 507 A1

International application No.

INTERNATIONAL SEARCH REPORT
PCT/JP2012/068296

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

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

Y JP 2001-133189 A (Zexel Valeo Climate Control 2-5

Corp.),

18 May 2001 (18.05.2001),

entire text; all drawings (particularly,
paragraphs [0029] to [0042]; fig. 3 to 5)
(Family: none)

Form PCT/ISA/210 (continuation of second sheet) (July 2009)

24



EP 2 738 507 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  JP 2007163004 A [0002] [0054]

25



	bibliography
	description
	claims
	drawings
	search report

