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(54) HEAT EXCHANGER

(57) A heat exchanger with improved heat exchange
performance is provided. An indoor heat exchanger (6)
is a heat exchanger that allows supercritical CO2 refrig-
erant to radiate heat to the air, and includes a plurality of
plate fins (11) and a plurality of heat transfer tubes (12).
Four or more rows (61 to 72) of heat transfer tubes (12)
arranged in the direction crossing the airflow are formed
in the upstream-to-downstream direction of the airflow.
Each plate fin (11) is divided between at least one pair
of adjacent rows (61, 62). The refrigerant flows from the
heat transfer tubes (12) in the row (72) on the down-
stream side of the airflow to the heat transfer tubes (12)
in the row (61) on the upstream side of the airflow.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a heat ex-
changer of an air conditioner that uses CO2 refrigerant.

BACKGROUND ART

[0002] Conventionally, an air conditioner that uses
CO2 refrigerant ensures the comfort of heating by raising
the discharge air temperature during heating operation
close to the compressor discharge temperature. Further,
in order to improve heat exchange performance between
CO2 refrigerant and airflow, structural improvements to
promote heat exchange have been made in a heat ex-
changer (gas cooler) that includes fins and heat transfer
tubes. As one of the structural improvements, a method
is employed which accelerates the refrigerant flow rate
by making the cross section of heat transfer tubes on the
downstream side of the refrigerant flow during heating
operation smaller than the cross section of other heat
transfer tubes, and thereby activates heat transfer from
the refrigerant by the effect of turbulent flow (for example,
see Patent Document 1).
<Patent Document 1> JP-A Publication No. H10-176867

DISCLOSURE OF THE INVENTION

<OBJECT TO BE ACHIEVED BY THE INVENTION>

[0003] However, with the method described in the cited
document 1, because only two or three rows of heat trans-
fer tubes of the heat exchanger to exchange heat with
the airflow are formed in the flow direction of the airflow,
it is not possible to achieve maximum heat exchange
efficiency between the heat transfer tubes and the airflow
in a critical state where the refrigerant temperature great-
ly varies.
[0004] An object of the present invention is to provide
a heat exchanger with improved heat exchange perform-
ance.

<MEANS TO ACHIEVE THE OBJECT>

[0005] A heat exchanger according to a first aspect of
the present invention is a heat exchanger that allows su-
percritical refrigerant to radiate heat to the air, including
a plurality of plate fins and a plurality of heat transfer
tubes. Each plate fin has a plurality of through-holes on
the planar surface arranged substantially parallel to air-
flow. The heat transfer tubes are inserted into the
through-holes in the plate fins. Four or more rows of heat
transfer tubes arranged in the direction crossing the air-
flow are formed in the upstream-to-downstream direction
of the airflow. Each plate fin is divided between at least
one pair of adjacent rows. The refrigerant flows from the
heat transfer tubes in the row on the downstream side of

the airflow to the heat transfer tubes in the row on the
upstream side of the airflow.
[0006] In this heat exchanger, the airflow exchanges
heat with higher temperature refrigerant as the airflow
moves downstream. In addition, because each plate fin
is divided, heat transfer on the plate fin surface is sup-
pressed, and the difference in temperature between the
refrigerant and the air is appropriately maintained
throughout the radiation process. Thus, the amount of
heat exchanged with the airflow increases, and heat ex-
change performance improves.
[0007] A heat exchanger according to a second aspect
of the present invention is the heat exchanger according
to the first aspect of the present invention, wherein each
plate fin is divided between all adjacent rows.
[0008] In this heat exchanger, because the number of
divided sections on each plate fin is increased, heat trans-
fer on the plate fin surface is further suppressed, and the
difference in temperature between the refrigerant and
the air is appropriately maintained throughout the radia-
tion process. Thus, the amount of heat exchanged with
the airflow increases, and heat exchange performance
improves.
[0009] A heat exchanger according to a third aspect
of the present invention is the heat exchanger according
to the first aspect of the present invention, wherein each
plate fin is divided from one end to the other end.
[0010] In this heat exchanger, because the length of
division of each plate fin is extended, heat transfer on
the plate fin surface is further suppressed, and the dif-
ference in temperature between the refrigerant and the
air is appropriately maintained throughout the radiation
process. Thus, the amount of heat exchanged with the
airflow increases, and heat exchange performance im-
proves.
[0011] A heat exchanger according to a fourth aspect
of the present invention is the heat exchanger according
to the first aspect of the present invention, wherein each
plate fin is partially divided from one end to the other end.
[0012] In this heat exchanger, the dividing process of
the plate fins is simplified, and also a function to suppress
heat transfer on the plate fin surface is ensured. Thus,
the processing cost is reduced and also heat exchange
performance improves.
[0013] A heat exchanger according to a fifth aspect of
the present invention is the heat exchanger according to
the first aspect of the present invention, wherein a plu-
rality of passages are formed through which the refriger-
ant flows from the heat transfer tubes in the row on the
downstream side of the airflow to the heat transfer tubes
in the row on the upstream side of the airflow.
[0014] In this heat exchanger, the distance in which
the refrigerant moves in the row direction of the heat
transfer tubes is shortened, and the difference in tem-
perature between the refrigerant and the air is appropri-
ately maintained throughout the radiation process. Thus,
the amount of heat exchanged with the airflow increases,
and heat exchange performance improves.
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[0015] A heat exchanger according to a sixth aspect
of the present invention is the heat exchanger according
to the first aspect of the present invention, wherein the
heat transfer tubes extend in one of the height, width,
and depth directions whichever is the shortest dimension.
[0016] In this heat exchanger, the distance in which
the refrigerant moves in the long axis direction of the heat
transfer tubes is shortened, and the difference in tem-
perature between the refrigerant and the air is appropri-
ately maintained throughout the radiation process. Thus,
the amount of heat exchanged with the airflow increases,
and heat exchange performance improves.
[0017] A heat exchanger according to a seventh as-
pect of the present invention is the heat exchanger ac-
cording to the first aspect of the present invention, where-
in the tube outer diameter of the heat transfer tubes is
equal to or less than 4 mm.
[0018] In this heat exchanger, the flow rate of the re-
frigerant flowing through the heat transfer tubes is accel-
erated and the flow of the refrigerant becomes a turbulent
flow. Thus, the amount of heat exchange between the
refrigerant and the heat transfer tubes increases, and
heat exchange performance improves.
[0019] A heat exchanger according to an eighth aspect
of the present invention is the heat exchanger according
to the first aspect of the present invention, wherein the
refrigerant is CO2.
[0020] This heat exchanger uses CO2 whose ozone
destruction coefficient is low and thus does not lead to
the destruction in the air environment.
[0021] A heat exchanger according to a ninth aspect
of the present invention is the heat exchanger according
to the fifth aspect of the present invention, further includ-
ing a first plate attached to end portions of the plurality
of passages, a connecting tube connected to a refrigerant
pipe through which the refrigerant circulates, and a wide-
mouth container. The wide-mouth container collects the
refrigerant that flows out from each end portion of the
plurality of passages, or guides the refrigerant that flows
out from the connecting tube to each end portion of the
plurality of passages. The wide-mouth container is close-
ly attached to the first plate.
[0022] This heat exchanger is low in cost because
there is no need to connect the refrigerant pipe to each
end portion of the passages.
[0023] A heat exchanger according to a tenth aspect
of the present invention is the heat exchanger according
to the first aspect of the present invention, further includ-
ing a second plate attached to end portions of the plurality
of heat transfer tubes and a third plate having a plurality
of depressed portions formed therein for interconnecting
the end portions of the appropriate adjacent heat transfer
tubes. The third plate is closely attached to the second
plate. Consequently, the work to interconnect the end
portions of the heat transfer tubes with U-shaped tubes
becomes unnecessary, and therefore the cost is low.

<EFFECTS OF THE INVENTION>

[0024] In the heat exchanger according to the first as-
pect of the present invention, the airflow exchanges heat
with higher temperature refrigerant as the airflow moves
downstream. In addition, because each plate fin is divid-
ed, heat transfer on the plate fin surface is suppressed,
and the difference in temperature between the refrigerant
and the air is appropriately maintained throughout the
radiation process. Thus, the amount of heat exchanged
with the airflow increases, and heat exchange perform-
ance improves.
[0025] In the heat exchanger according to the second
and third aspects of the present invention, because the
number of divided sections on each plate fin is increased,
heat transfer on the plate fin surface is further sup-
pressed, and the difference in temperature between the
refrigerant and the air is appropriately maintained
throughout the radiation process. Thus, the amount of
heat exchanged with the airflow increases, and heat ex-
change performance improves.
[0026] In the heat exchanger according to the fourth
aspect of the present invention, the dividing process of
the plate fins is simplified, and also a function to suppress
heat transfer on the plate fin surface is ensured. Thus,
the processing cost is reduced and also heat exchange
performance improves.
[0027] In the heat exchanger according to the fifth and
sixth aspects of the present invention, the distance of the
passages through which the refrigerant flows is opti-
mized, and the difference in temperature between the
refrigerant and the air is appropriately maintained
throughout the radiation process. Thus, the amount of
heat exchanged with the airflow increases, and heat ex-
change performance improves.
[0028] In the heat exchanger according to the seventh
aspect of the present invention, the flow rate of the re-
frigerant flowing through the heat transfer tubes is accel-
erated and the flow of the refrigerant becomes a turbulent
flow. Thus, the amount of heat exchange between the
refrigerant and the heat transfer tubes increases, and
heat exchange performance improves.
[0029] The heat exchanger according to the eighth as-
pect of the present invention uses CO2 whose ozone
destruction coefficient is low and thus does not lead to
the destruction in the air environment.
[0030] The heat exchanger according to the ninth as-
pect of the present invention is low in cost because there
is no need to connect the refrigerant pipe to each end
portion of the passages.
[0031] The heat exchanger according to the tenth as-
pect of the present invention is low in cost because the
work to interconnect the end portions of the heat transfer
tubes with U-shaped tubes becomes unnecessary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]
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Figure 1 is a refrigeration circuit of an air conditioner
that uses CO2 refrigerant.
Figure 2(a) is a pressure-enthalpy diagram for CO2
refrigerant, and Figure 2(b) is a temperature-entropy
diagram for CO2 refrigerant.
Figure 3 is a perspective view to show the structure
of an indoor heat exchanger according to an embod-
iment of the present invention.
Figure 4 is a view to describe passages of the indoor
heat exchanger shown in the above Figure.
Figure 5 is a longitudinal cross sectional view of an
indoor unit that uses the indoor heat exchanger ac-
cording to the embodiment of the present invention.
Figure 6 is a perspective view of an indoor heat ex-
changer according to a first alternative embodiment
of the embodiment shown in the above Figure.
Figure 7(a) is a rear view of the first alternative em-
bodiment; Figure 7(b) is a cross sectional view taken
along line D-D of the first alternative embodiment;
and Figure 7(c) is a cross sectional view taken along
line E-E of the first alternative embodiment.
Figure 8 is a configuration view of the indoor heat
exchanger in Figure 4 with the passages being mod-
ified.
Figure 9 is a configuration view of the indoor heat
exchanger in Figure 4 with the pitch of the heat trans-
fer tubes and plate fins being modified.
Figure 10 is a configuration view of the indoor heat
exchanger in Figure 8 with the pitch of the heat trans-
fer tubes and plate fins being modified.

DESCRIPTION OF THE REFERENCE SYMBOLS

[0033]

6 Heat exchanger
11 Plate fin
12 Heat transfer tube
31,32 Plates (first plates)
33 Plate (second plate)
61 to 72 Rows
81 to 86 Passages
91 a, 92a Connecting tubes
91b, 92b Wide-mouth containers
93 Plate (third plate)
93a Depressed portion

BEST MODE FOR CARRYING OUT THE INVENTION

<REFRIGERATION CIRCUIT OF AIR CONDITIONER>

[0034] Figure 1 is a refrigeration circuit of an air con-
ditioner that uses CO2 refrigerant. An air conditioner 1
includes a refrigeration circuit in which a compressor 2,
a four way valve 3, an outdoor heat exchanger 4, an
expansion valve 5, and an indoor heat exchanger 6 are
interconnected via a refrigerant pipe. In Figure 1, the solid
line arrow and the broken line arrow indicate the flow

direction of the refrigerant, and the air conditioner 1 can
switch between heating operation and cooling operation
by switching the flow direction of the refrigerant by the
four way valve 3.
[0035] During cooling operation, the outdoor heat ex-
changer 4 functions as a gas cooler, and the indoor heat
exchanger 6 functions as an evaporator. On the other
hand, during heating operation, the outdoor heat ex-
changer 4 functions as an evaporator, and the indoor
heat exchanger 6 functions as a gas cooler. The outdoor
heat exchanger 4 and the indoor heat exchanger 6 both
include plate fins 11 (see Figure 3) and heat transfer
tubes 12 (see Figure 3). The refrigerant in the heat trans-
fer tubes 12 exchanges heat with the airflow through the
plate fms 11.
[0036] In Figure 1, a point A is the suction side of the
compressor 2 during heating operation, and a point B is
the discharge side of the compressor 2 during heating
operation. A point C is the refrigerant outlet side of the
indoor heat exchanger 6 during heating operation, and
a point D is the refrigerant inlet side of the outdoor heat
exchanger 4 during heating operation.
[0037] Figure 2(a) is a pressure-enthalpy diagram for
CO2 refrigerant. The vertical axis represents pressure P
and the horizontal axis represents enthalpy H. A line Tk
is the isotherm that passes through a critical point K, and
a line Tx is the isotherm of temperature Tx. Tx is greater
than Tk (Tx > Tk), and the CO2 refrigerant will not become
liquefied or enter a two-phase state on the right side of
the isotherm Tk. The region in which the pressure is equal
to or greater than critical pressure Pk on the right side of
the isotherm Tk is called a supercritical state. The air
conditioner 1 that uses the heat exchanger of the present
embodiment is operated in a refrigeration cycle that in-
cludes the supercritical state. Points A, B, C, and D in
Figure 2(a) represent the states of the refrigerant corre-
sponding to the points A, B, C, and D in Figure 1.
[0038] Figure 2(b) is a temperature-entropy diagram
for CO2 refrigerant. The vertical axis represents temper-
ature T and the horizontal axis represents entropy S.
Points A, B, C, and D in Figure 2(b) represent the states
of the refrigerant corresponding to the points A, B, C, and
D in Figure 1. The temperature of the refrigerant drops
from the point B on the discharge side of the compressor
2 to the point C on the refrigerant outlet side of the indoor
heat exchanger 6. Accordingly, the temperature distribu-
tion on the surface of the indoor heat exchanger 6 is such
that the temperature on the upstream side of the refrig-
erant flow is higher and the temperature on the down-
stream side thereof is lower. Therefore, the difference in
temperature between the air and the indoor heat ex-
changer 6 becomes more stabilized when the airflow
passes from the downstream side of the refrigerant to
the upstream side of the refrigerant, and the amount of
heat exchange between the air and the indoor heat ex-
changer 6 increases.

5 6 
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<STRUCTURE OF INDOOR HEAT EXCHANGER>

[0039] Figure 3 is a perspective view to show the struc-
ture of the indoor heat exchanger according to the em-
bodiment of the present invention. The indoor heat ex-
changer 6 is a cross fin-type heat exchanger. The plate
fins 11 are thin and flat plates made of aluminum, and
each plate fin 11 has a plurality of the through-holes 11
a formed therein. Each heat transfer tube 12 includes a
straight tube 12a to be inserted through the through-holes
11a in the plate fins 11, and U-shaped tubes 12b and
12c that interconnect the end portions of the adjacent the
straight tubes 12a. Note that the straight tubes 12a and
the U-shaped tube 12b of each heat transfer tube 12 in
the present embodiment are integrally formed, and the
U-shaped tube 12c is connected to the end portion of the
straight tube 12a by welding or the like after the straight
tube 12a is inserted into the through-holes 11 a in the
plate fins 11.
[0040] Twelve rows of heat transfer tubes 12, i.e., rows
61 to 72 arranged in the direction crossing the airflow,
are arranged in the upstream-to-downstream direction
of the airflow. The refrigerant flows from the heat transfer
tubes 12 in the row 72 on the downstream side of the
airflow to the heat transfer tubes 12 in the row 61 on the
upstream side of the airflow. Consequently, the flow of
the airflow will be against the flow of the refrigerant, and
thus the amount of heat exchange will increase com-
pared with the case where these flows are not against
each other. Note that experiments have shown that, in
case of a heat exchanger with three or fewer rows of the
heat transfer tubes, there is little difference in the effect
whether the airflow is against the refrigerant or not.
[0041] Figure 4 is a configuration view of passages of
the indoor heat exchanger according to the embodiment
of the present invention. The solid lines in Figure 4 rep-
resent the U-shaped tubes 12b on the front side of the
figure, and the broken lines represent the U-shaped
tubes 12c on the opposite side. The refrigerant flows sep-
arately into the six heat transfer tubes 12 in the row 72
and flows out from the six heat transfer tubes 12 in the
row 61 through six passages 81 to 86. In this way, be-
cause the refrigerant circulates separately through the
plurality of passages 81 to 86, the difference in temper-
ature between the refrigerant and the air is appropriately
maintained throughout the radiation process, and the
amount of heat exchanged with the airflow increases.
[0042] Each plate fin 11 is divided between the row 61
and the row 62. Each plate fin 11 is also divided between
the following rows: the row 63 and the row 64; the row
65 and the row 66; the row 67 and the row 68; the row
69 and the row 70; and the row 71 and the row 72. There-
by, the heat on the surface of the plate fins 11 is prevented
from transferring over divided portions 13. Thus, the sur-
face temperature on the plate fins 11 is maintained high
and the amount of heat exchanged with the airflow in-
creases.
[0043] In addition, in Figure 3, the direction in which

the straight tubes 12a of the heat transfer tubes 12 extend
is the depth of the indoor heat exchanger 6. In the present
embodiment, the depth is the shortest dimension among
the height, width, and depth. Thereby, the passages 81
to 86 through which the refrigerant flows are shortened,
and the difference in temperature between the refrigerant
and the air is appropriately maintained throughout the
radiation process.
[0044] The heat transfer from the refrigerant flowing
through the heat transfer tubes 12 to the heat transfer
tubes 12 is more active when the flow of the refrigerant
is laminar flow than when it is turbulent flow. Therefore,
in the present embodiment, the tube outer diameter of
the heat transfer tubes 12 is equal to or less than 4 mm
such that the flow of the refrigerant in the heat transfer
tubes 12 becomes turbulent flow.

<INDOOR UNIT OF AIR CONDITIONER>

[0045] Figure 5 is a longitudinal cross sectional view
of an indoor unit that uses the indoor heat exchanger
according to the embodiment of the present invention.
An indoor unit 101 has the indoor heat exchanger 6
mounted in a casing 102. A fan 103 is arranged above
the indoor heat exchanger 6, and an air discharge port
102a is provided above the fan 103. An air suction inlet
102b is provided below the indoor heat exchanger 6.
[0046] The indoor heat exchanger 6 has a first header
14 attached on the upstream side of the airflow for divid-
ing and guiding the refrigerant to each inlet of the pas-
sages 81 to 86. In addition, the indoor heat exchanger 6
has a second header 15 attached on the downstream
side of the airflow for guiding the refrigerant that flows
out from each outlet of the passages 81 to 86 to the re-
frigerant pipe.
[0047] During heating operation, the refrigerant flows
from the upside to the downside of each of the passages
81 to 86 of the indoor heat exchanger 6, and the airflow
flows from the downside to the upside of the indoor heat
exchanger 6. Consequently, the temperature of the air-
flow rises as a result of heat exchange with higher tem-
perature refrigerant as the airflow moves closer to the air
discharge port 102a. Thus, the indoor unit 101 can pro-
vide comfortable heating.

<CHARACTERISTICS>

(1)

[0048] The indoor heat exchanger 6 is a heat exchang-
er that allows supercritical CO2 refrigerant to radiate heat
to the air, and includes the plurality of plate fins 11 and
the plurality of heat transfer tubes 12. Each plate fin 11
has the plurality of through-holes 11a on the planar sur-
face arranged substantially parallel to the airflow. The
heat transfer tubes 12 are inserted into the through-holes
11 a in the plate fins 11. Four or more rows 61 to 72 of
the heat transfer tubes 12 arranged in the direction cross-
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ing the airflow are formed in the upstream-to-downstream
direction of the airflow. Each plate fin 11 is divided be-
tween at least one pair of adjacent rows 61 and 62. The
refrigerant flows from the heat transfer tubes 12 in the
row 72 on the downstream side of the airflow to the heat
transfer tubes 12 in the row 61 on the upstream side of
the airflow.
[0049] In this indoor heat exchanger 6, the airflow ex-
changes heat with higher temperature refrigerant as the
airflow moves downstream. In addition, because each
plate fin 11 is divided, heat transfer on the surface of the
plate fins 11 is suppressed, and the difference in tem-
perature between the refrigerant and the air is appropri-
ately maintained throughout the radiation process. Thus,
the amount of heat exchanged with the airflow increases,
and heat exchange performance improves.
[0050] In addition, because CO2 whose ozone de-
struction coefficient is low is used as refrigerant, the de-
struction in the air environment will not be resulted.

(2)

[0051] This indoor heat exchanger 6 has the plurality
of passages 81 to 86 formed for allowing the refrigerant
to flow from the heat transfer tubes 12 in the row 72 on
the downstream side of the airflow to the heat transfer
tubes 12 in the row 61 on the upstream side of the airflow.
[0052] In this indoor heat exchanger 6, the distance in
which the refrigerant moves in the row direction of the
heat transfer tubes 12 is shortened, and the difference
in temperature between the refrigerant and the air is ap-
propriately maintained throughout the radiation process.
Thus, the amount of heat exchanged with the airflow in-
creases, and heat exchange performance improves.
[0053] In addition, the heat transfer tubes extend in
one of the height, width, and depth directions of the indoor
heat exchanger 6 whichever is the shortest dimension.
As a result, the distance of the straight tubes 12a of the
heat transfer tubes 12 is shortened, a decrease in tem-
perature of the refrigerant is suppressed, and the differ-
ence in temperature between the refrigerant and the air
is appropriately maintained throughout the radiation
process. Thus, the amount of heat exchanged with the
airflow increases, and heat exchange performance im-
proves.

(3)

[0054] In the indoor heat exchanger 6, the tube outer
diameter of the heat transfer tubes 12 is equal to or less
than 4 mm. The flow rate of the refrigerant flowing through
the heat transfer tubes 12 is accelerated and the flow of
the refrigerant becomes a turbulent flow. Thus, the
amount of heat exchange between the refrigerant and
the heat transfer tubes 12 increases, and heat exchange
performance improves.

<FIRST ALTERNATIVE EMBODIMENT>

[0055] Figure 6 is a perspective view of an indoor heat
exchanger according to a first alternative embodiment of
the embodiment of the present invention. The same com-
ponents as those in the embodiment shown in Figure 3
are denoted by the same reference symbols, and the
descriptions thereof are omitted. Plates 31 and 32 are
attached to the end portions, i.e., inlet and outlet, of the
plurality of passages 81 to 86 (see Figure 4), and the
plates 31 and 32 are more rigid than the plate fins 11. An
inlet side header 91 includes a connecting tube 91a con-
nected to the refrigerant pipe, and a wide-mouth contain-
er 91b that covers the inlets of the plurality of passages
81 to 86. The inlet side header 91 is closely bonded to
the plate 31. An outlet side header 92 includes a con-
necting tube 92a connected to the refrigerant pipe, and
a wide-mouth container 92b that covers the outlets of the
plurality of passages 81 to 86. The outlet side header 92
is closely bonded to the plate 32.
[0056] A plate 33 is attached to the end portions of the
heat transfer tubes 12 as a whole and is more rigid than
the plate fins 11. The plate 33 has a plate 93 closely
bonded thereto. Figure 7(a) is a rear view of the first al-
ternative embodiment, Figure 7(b) is a cross sectional
view taken along line D-D of Figure 7(a), and Figure 7(c)
is a cross sectional view taken along line E-E of Figure
7(a). The plate 93 in the figure has a plurality of depressed
portions 93a each interconnecting the end portions of the
heat transfer tubes 12. The depressed portions 93a cor-
respond to the U-shaped tubes 12c of the embodiment
shown in Figure 3. The plurality of depressed portions
93a are formed by drawing the plate 93, and therefore it
is economical.

<CHARACTERISTICS OF THE FIRST ALTERNATIVE 
EMBODIMENT>

(1)

[0057] This indoor heat exchanger 6 further includes
the plates 31 and 32 attached to the end portions of the
plurality of passages 81 to 86; the connecting tubes 91a
and 92a connected to the refrigerant pipe through which
the refrigerant circulates; and the wide-mouth containers
91 b and 92b. The wide-mouth containers 91 b and 92b
collect the refrigerant that flows out from each end portion
of the plurality of passages 81 to 86 to the connecting
tubes 91a and 92a, or guide the refrigerant that flows out
from the connecting tubes 91a and 92a to each end por-
tion of the plurality of passages 81 to 86. The wide-mouth
containers 91 b and 92b are closely attached to the plates
31 and 32. Consequently, there is no need to connect
the refrigerant pipe to each end portion of the passages
81 to 86, and therefore the cost is low.

9 10 
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(2)

[0058] This indoor heat exchanger 6 further includes
the plate 33 attached to the end portions of the plurality
of the heat transfer tubes 12; and the plate 93 having the
plurality of depressed portions 93a formed therein for in-
terconnecting the end portions of the heat transfer tubes
12. The plate 93 is closely attached to the plate 33. Con-
sequently, the work to interconnect the end portions of
the heat transfer tubes 12 with U-shaped tubes becomes
unnecessary, and therefore the cost is low.

<SECOND ALTERNATIVE EMBODIMENT>

[0059] Figure 8 is a configuration view of the indoor
heat exchanger in Figure 4 with the passages being mod-
ified. Similar to Figure 4, the solid lines in Figure 4 rep-
resent the U-shaped tubes 12b on the front side of the
figure, and the broken lines represent the U-shaped
tubes 12c on the opposite side. The refrigerant that
flowed into the heat transfer tubes 12 in the row 72 of
passages 87 to 89 flows to the respective adjacent heat
transfer tubes 12 in the same row 72; then flows to the
heat transfer tubes 12 in the row 71 disposed further up-
stream of the airflow by one row; subsequently flows to
the respective adjacent heat transfer tubes 12 in the
same row 71; then further flows to the heat transfer tubes
12 in next row 70 disposed further upstream of the airflow
by one row. In the same manner, the refrigerant flows to
the heat transfer tubes 12 in the row 61 on the most up-
stream side of the airflow while changing the direction of
the flow.
[0060] In this way, by employing the three passages
87 to 89, although the distance of each passage becomes
longer, the flow rate of the refrigerant can be accelerated
due to the reduced number of passages, and the same
heat exchange performance as obtained in the above
described embodiment can be obtained.

<THIRD ALTERNATIVE EMBODIMENT>

[0061] Figure 9 is a configuration view of the indoor
heat exchanger in Figure 4 with the pitch of the heat trans-
fer tubes and the plate fins being modified, and Figure
10 is a configuration view of the indoor heat exchanger
in Figure 8 with the pitch of the heat transfer tubes and
the plate fins being modified. In Figures 9 and 10, the
heat transfer tubes 12 are arranged at the same pitch
therebetween in the vertical direction. A plate fin 21 is
partially divided by slits 23 in the substantially middle of
the pitch and also between all adjacent rows 61 to 72.
[0062] The slits 23 are formed by a single perforation
per plate fin 11, and therefore the processing cost is re-
duced.

INDUSTRIAL APPLICABILITY

[0063] As described above, the present invention has

a good heat exchange performance, and is useful for a
heat exchanger of an air conditioner that uses CO2 re-
frigerant.

Claims

1. A heat exchanger (6) that allows supercritical refrig-
erant to radiate heat to air, comprising:

a plurality of plate fins (11) each having a plu-
rality of through-holes (11a) on the planar sur-
face arranged substantially parallel to airflow;
and
a plurality of heat transfer tubes (12) inserted
into the through-holes (11a) in the plate fins (11),

wherein

four or more rows (61 to 72) of the heat transfer
tubes (12) arranged in the direction crossing the
airflow are formed in the upstream-to-down-
stream direction of the airflow,
each of the plate fins (11) is divided between at
least one pair of the adjacent rows (61, 62); and
the refrigerant flows from the heat transfer tubes
(12) in the row (72) on the downstream side of
the airflow to the heat transfer tubes (12) in the
row (61) on the upstream side of the airflow.

2. The heat exchanger (6) according to claim 1, wherein
each of the plate fins (11) is divided between all the
adjacent rows (61 to 72).

3. The heat exchanger (6) according to claim 1 or claim
2, wherein
each of the plate fins (11) is divided from one end to
the other end in the longitudinal direction of the rows
(61 to 72).

4. The heat exchanger (6) according to claim 1 or claim
2, wherein
each of the plate fins (11) is partially divided from
one end to the other end in the longitudinal direction
of the rows (61 to 72).

5. The heat exchanger (6) according to claim 1, wherein
a plurality of passages (81 to 86) are formed through
which the refrigerant flows from the heat transfer
tubes (12) in the row (72) on the downstream side
of the airflow to the heat transfer tubes (12) in the
row (61) on the upstream side of the airflow.

6. The heat exchanger (6) according to claim 1, wherein
the heat transfer tubes (12) extend in one of the
height, width, and depth directions whichever is the
shortest dimension.
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7. The heat exchanger (6) according to claim 1, wherein
the tube outer diameter of the heat transfer tubes
(12) is equal to or less than 4 mm.

8. The heat exchanger (6) according to claim 1, wherein
the refrigerant is CO2.

9. The heat exchanger (6) according to claim 5, further
comprising
a first plate (31, 32) attached to end portions of the
plurality of passages (81 to 86),
a connecting tube (91a, 92a) connected to a refrig-
erant pipe (7a, 7b) through which the refrigerant cir-
culates, and
a wide-mouth container (91b, 92b) configured to col-
lect the refrigerant that flows out from each end por-
tion of the plurality of passages (81 to 86) or to guide
the refrigerant that flows out from the connecting
tube (91a, 92a) to each end portion of the plurality
of passages (81 to 86),
wherein
the wide-mouth container (91b, 92b) is closely at-
tached to the first plate (31, 32).

10. The heat exchanger (6) according to claim 1, further
comprising
a second plate (33) attached to end portions of the
plurality of heat transfer tubes (12), and
a third plate (93) closely attached to the second plate
(33) and having a plurality of depressed portions
(93a) formed therein for interconnecting end portions
of the appropriate adjacent heat transfer tubes (12).
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