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(54) RADIATOR AND SUPERCRITICAL PRESSURE REFRIGERATION CYCLE USING THE SAME

(57) An object is to provide a radiator capable of en-
hancing heat exchanging performance, and further re-
ducing a refrigerant temperature at a refrigerant flow pas-
sage outlet, and a supercritical pressure refrigeration cy-
cle using the same. A radiator 19 for radiating heat of a
refrigerant whose pressure is supercritical pressure, in-
cluding: multiple plate fins 31; and a plurality of refrigerant
flow passages 34A to 34F formed by a heat transfer pipe

group 33, wherein the refrigerant flow passages 34A to
34F include inlet heat transfer pipes 40A to 40C and outlet
heat transfer pipes 42A1, 42A2, and intermediate heat
transfer pipes 41A1 to 41C1, 41A2, 41B2, 41A3, 41B3,
and a flow passage cross sectional area of the refrigerant
flow passages 34A to 34F is gradually reduced from the
inlet heat transfer pipes 40A to 40C to the outlet heat
transfer pipes 42A1, 42A2.
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Description

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

[0001] The present invention relates to a radiator for
radiating heat of a refrigerant that is pressurized to su-
percritical pressure and for cooling the refrigerant, and a
supercritical pressure refrigeration cycle using the radi-
ator.

2. DESCRIPTION OF RELATED ART

[0002] A supercritical pressure refrigeration cycle us-
ing CO2 (carbon dioxide) as a refrigerant includes a com-
pressor that pressurizes the CO2 refrigerant to supercrit-
ical pressure, and a radiator (gas cooler) that radiates
heat of the CO2 refrigerant discharged from the compres-
sor, and cools the CO2 refrigerant (refer to Japanese Un-
examined Patent Application, Publication No.
2007-232365, for example). As a radiator applied to this
type of supercritical pressure refrigeration cycle, a fin and
tube type heat exchanger including a large number of
plate fins disposed at predetermined intervals, and a plu-
rality of heat transfer pipes that are inserted into the plate
fins, and allow a refrigerant to flow therein is generally
used, and high efficiency of heat exchange with outside
air is attained.
[0003] Furthermore, as such a fin and tube type heat
exchanger, a heat exchanger that includes a plurality of
refrigerant flow passages formed in parallel, and that at-
tains improvement of cooling or heating capacity is
known (refer to Japanese Unexamined Patent Applica-
tion, Publication Nos. Hei07-208822 and Hei08-121915,
for example).

BRIEF SUMMARY OF THE INVENTION

[0004] As described above, in the supercritical pres-
sure refrigeration cycle configured such that a refrigerant
is pressurized to supercritical pressure, even when the
refrigerant is cooled by a radiator, the refrigerant is not
condensed, and circulates in the radiator as a gas refrig-
erant in the supercritical pressure state with sensible heat
change. In order to improve a coefficient of performance
(COP) of the refrigeration cycle having such a configu-
ration, it is desirable to enhance the heat exchanging
performance of the radiator, and to further reduce the
refrigerant temperature at each refrigerant flow passage
outlet.
[0005] However, in the configuration of the convention-
al radiator, an outlet heat transfer pipe of one of refriger-
ant flow passages, and an inlet heat transfer pipes of the
one of the refrigerant flow passages and other refrigerant
flow passages are disposed adjacent to each other, and
therefore there is a fear that the outlet temperature of the
refrigerant is increased by the high-temperature refriger-

ants flowing through the inlet heat transfer pipes.
[0006] The present invention has been made in view
of the above circumstances, and an object of the inven-
tion is to provide a radiator capable of enhancing heat
exchanging performance, and further reducing the refrig-
erant temperature at a refrigerant flow passage outlet,
and a supercritical pressure refrigeration cycle using the
same.
[0007] In order to solve the above problem, the radia-
tor, and the supercritical pressure refrigeration cycle us-
ing the same of the present invention employ the follow-
ing solutions.
[0008] That is, a radiator according to the present in-
vention is a radiator for radiating heat of a refrigerant that
is pressurized to supercritical pressure, the radiator in-
cluding: multiple plate fins extending in a vertical direction
and disposed at a predetermined pitch; and a plurality of
refrigerant flow passages formed in parallel by multiple
heat transfer pipe group inserted into the plate fins in
multiple stages, wherein the plurality of refrigerant flow
passages each include an inlet heat transfer pipe provid-
ed in upper parts of the plate fins, an outlet heat transfer
pipe provided in lower parts of the plate fins, and an in-
termediate heat transfer pipe provided between the inlet
heat transfer pipe and the outlet heat transfer pipe, and
a flow passage cross sectional area of the refrigerant
flow passages is gradually reduced from the inlet heat
transfer pipes to the outlet heat transfer pipes.
[0009] According to the present invention, in the plu-
rality of refrigerant flow passages, the inlet heat transfer
pipes are provided in the upper parts of the plate fins,
and the outlet heat transfer pipes are provided in the low-
er parts of the plate fins, and therefore the outlet heat
transfer pipe of one of the refrigerant flow passages can
be disposed to separate from the inlet heat transfer pipes
of the one of the refrigerant flow passages and other re-
frigerant flow passages. Additionally, the intermediate
heat transfer pipes are provided between the inlet heat
transfer pipes and the outlet heat transfer pipes, and
therefore the inlet heat transfer pipes and the outlet heat
transfer pipes are not adjacent to each other. Further-
more, the flow passage cross sectional area of the re-
frigerant flow passages is gradually reduced from the in-
let heat transfer pipes to the outlet heat transfer pipes,
and therefore even when the cooling proceeds, and the
gas density (specific gravity) of the refrigerants is in-
creased, reduction in the flow velocity of the refrigerants
is prevented, and heat exchange efficiency can be main-
tained. Accordingly, the refrigerant outlet temperatures
are never increased by the high temperature refrigerants
that flow through the inlet heat transfer pipes, and the
refrigerant temperature at a radiator outlet can be further
reduced by performance improvement of the radiator,
and it is possible to improve the coefficient of perform-
ance (COP) of the refrigeration cycle.
[0010] Furthermore, according to the radiator of the
present invention, in the above radiator, the flow passage
cross sectional area of the refrigerant flow passages is
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reduced by gradual reduction in the number of circuits of
the inlet heat transfer pipes, the intermediate heat trans-
fer pipes and the outlet heat transfer pipes.
[0011] According to the present invention, the flow pas-
sage cross sectional area of the refrigerant flow passag-
es is reduced by the gradual reduction in the number of
circuits of the inlet heat transfer pipes, the intermediate
heat transfer pipes, and the outlet heat transfer pipes,
and therefore even when the cooling proceeds while the
refrigerants entering from the inlet heat transfer pipes
circulate in the intermediate heat transfer pipes and the
outlet heat transfer pipes, and the gas density (specific
gravity) of the refrigerants is increased, the flow passage
cross sectional area of the refrigerant flow passages is
gradually reduced in the refrigerant flow direction, so that
reduction in the flow velocity of the refrigerants is pre-
vented, and heat exchange efficiency can be maintained.
Accordingly, high heat exchanging performance of the
radiator is enhanced, and the refrigerant outlet temper-
ature is further lowered, so that it is possible to improve
the coefficient of performance of the refrigeration cycle.
[0012] Furthermore, according to the radiator of the
present invention, in the above radiator, the flow passage
cross sectional area of the refrigerant flow passages is
reduced by gradual reduction in flow passage diameters
of the inlet heat transfer pipes, the intermediate heat
transfer pipes, and the outlet heat transfer pipes.
[0013] According to the present invention, the flow pas-
sage cross sectional area of the refrigerant flow passag-
es is reduced by the gradual reduction in the flow passage
diameters of the inlet heat transfer pipes, the intermedi-
ate heat transfer pipes, and the outlet heat transfer pipes,
and therefore even when the cooling proceeds while the
refrigerants entering from the inlet heat transfer pipes
circulate in the intermediate heat transfer pipes and the
outlet heat transfer pipes sequentially, and the gas den-
sity (specific gravity) of the refrigerants is increased, the
flow passage cross sectional area of the refrigerant flow
passages is gradually reduced in the refrigerant flow di-
rection, so that reduction in the flow velocity of the refrig-
erants is prevented, and heat exchange efficiency can
be maintained. Accordingly, high heat exchanging per-
formance of the radiator is enhanced, and the refrigerant
outlet temperature is further reduced, so that it is possible
to improve the coefficient of performance of the refriger-
ation cycle.
[0014] Furthermore, according to the radiator of the
present invention, in any of the above radiators, each of
the refrigerant flow passages is formed such that the re-
frigerant circulates from the inlet heat transfer pipe of an
upper stage to the outlet heat transfer pipe of a lower
stage.
[0015] According to the present invention, each refrig-
erant flow passages is formed such that the refrigerant
circulates from the inlet heat transfer pipe of the upper
stage to the outlet heat transfer pipe of the lower stage.
Accordingly, the refrigerant that is pressurized to the su-
percritical pressure is cooled but is not condensed in the

radiator, and the gas density (specific gravity) is in-
creased, but each refrigerant flow passages is formed
so as to allow the refrigerant to flow from the heat transfer
pipe of the upper stage to the heat transfer pipe of the
lower stage, so that it is possible to facilitate the circula-
tion of the refrigerants in the radiator by gravity. Conse-
quently, it is possible to improve heat exchange efficiency
of the radiator, and further lower the refrigerant outlet
temperature.
[0016] Furthermore, in any of the above radiators, the
radiator of the present invention further includes a plu-
rality of heat exchange parts divided up and down, where-
in each of the refrigerant flow passages is formed such
that the refrigerant flows from the upper heat exchange
part to the lower heat exchange part.
[0017] According to the present invention, the radiator
includes the plurality of heat exchange parts divided up
and down, the refrigerant flow passages are each formed
such that the refrigerant flows from the upper heat ex-
change part toward the lower heat exchange part, and
therefore it is possible to form the temperature gradient
of gradually lowering from the upper heat exchange part
toward the lower heat exchange part. Consequently, it is
possible to suppress temperature irregularity in the radi-
ator to improve heat exchange efficiency, and further low-
er the refrigerant outlet temperature.
[0018] Furthermore, according to the radiator of the
present invention, in any of the above radiators, each of
the refrigerant flow passages includes a first intermediate
heat transfer pipe continued to the inlet heat transfer pipe,
and a second intermediate heat transfer pipe or a third
intermediate heat transfer pipe continued to the outlet
heat transfer pipe, and includes an intermediate header
connected to all the first intermediate heat transfer pipes,
the second intermediate heat transfer pipes or the third
intermediate heat transfer pipes of the refrigerant flow
passages.
[0019] According to the present invention, each of the
refrigerant flow passages includes the first intermediate
heat transfer pipe continued to the inlet heat transfer pipe,
and the second intermediate heat transfer pipe or the
third intermediate heat transfer pipe continued to the out-
let heat transfer pipe, and includes the intermediate
header connected to all the first intermediate heat trans-
fer pipes, the second intermediate heat transfer pipes or
the third intermediate heat transfer pipes of the refriger-
ant flow passages, and therefore even in a case where
distribution of the refrigerants in the inlet heat transfer
pipes of the refrigerant flow passages is inappropriate,
the refrigerants are collected in the intermediate header
once, and thereafter distributed in the refrigerant flow
passages again, and therefore the distribution can be
made appropriate. Consequently, the distribution of the
refrigerants into the respective refrigerant flow passages
is made appropriate, and heat exchanging performance
of the radiator is improved, and it is possible to further
lower the refrigerant outlet temperature.
[0020] Furthermore, according to the radiator of the
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present invention, in any of the above radiators, the heat
transfer pipe group is inserted into the plate fins in mul-
tiple rows and stages, and the inlet heat transfer pipes
are disposed in a row on a leeward side with respect to
the outlet heat transfer pipes.
[0021] According to the present invention, the heat
transfer pipe group is inserted into the plate fins in the
multiple rows and stages, and the inlet heat transfer pipes
are disposed in the row on the leeward side with respect
to the outlet heat transfer pipes, and therefore the refrig-
erants flowing through the outlet heat transfer pipes can
be prevented from being heated by air whose tempera-
ture is increased due to heat exchange with the high tem-
perature refrigerants flowing through the inlet heat trans-
fer pipes, and increase in the refrigerant outlet tempera-
ture can be suppressed. Accordingly, it is possible to fur-
ther lower the refrigerant outlet temperature of the radi-
ator, and improve the coefficient of performance of the
refrigeration cycle.
[0022] Furthermore, a supercritical pressure refriger-
ation cycle according to the present invention includes:
any of the above radiators; and a closed-cycle refrigerant
circuit connecting a compressor for pressurizing a refrig-
erant to supercritical pressure, a decompression device,
and a load side heat exchanger by piping.
[0023] According to the present invention, the super-
critical pressure refrigeration cycle includes: any of the
above radiators; and the closed-cycle refrigerant circuit
connecting the compressor for pressurizing the refriger-
ant to supercritical pressure, the decompression device,
and the load side heat exchanger by piping, and therefore
the high-performance radiator having improved heat ex-
change efficiency and heat exchanging performance is
incorporated, so that it is possible to enhance the cooling
effect of the refrigerant, and further lower the refrigerant
temperature at a radiator outlet. Accordingly, it is possible
to provide the supercritical pressure refrigeration cycle
having a further enhanced coefficient of performance
(COP).
[0024] According to the radiator of the present inven-
tion, the outlet heat transfer pipe of one of the refrigerant
flow passages can be disposed to separate from the inlet
heat transfer pipes of the one of the refrigerant flow pas-
sages and other refrigerant flow passages. Additionally,
the inlet heat transfer pipes are not adjacent to the outlet
heat transfer pipes, and even when the cooling proceeds,
and the gas density (specific gravity) of the refrigerants
is increased, reduction in the flow velocity of the refrig-
erants is prevented, and heat exchange efficiency can
be maintained. Accordingly, the refrigerant outlet tem-
perature is never increased by the high temperature re-
frigerants that flow through the inlet heat transfer pipes,
and can further reduce the refrigerant temperature at a
radiator outlet by performance improvement of the radi-
ator, and it is possible to improve the coefficient of per-
formance (COP) of the refrigeration cycle.
[0025] According to the supercritical pressure refriger-
ation cycle of the present invention, the high-perform-

ance radiator having improved heat exchange efficiency
and heat exchanging performance is incorporated, so
that it is possible to enhance the cooling effect of the
refrigerant, and further lower the refrigerant temperature
at the radiator outlet. Accordingly, it is possible to provide
the supercritical pressure refrigeration cycle having fur-
ther enhanced coefficient of performance (COP).

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

FIG. 1 is a configuration diagram of a supercritical
pressure refrigeration cycle according to a first em-
bodiment of the present invention;
FIG. 2 is a Mollier diagram of the supercritical pres-
sure refrigeration cycle;
FIG. 3 is a schematic diagram of a radiator applied
to the supercritical pressure refrigeration cycle;
FIG. 4 is a schematic diagram of another embodi-
ment (1) of the radiator;
FIG. 5 is a schematic diagram of another embodi-
ment (2) of the radiator;
FIG. 6 is a schematic diagram of another embodi-
ment (3) of the radiator;
FIG. 7 is a schematic diagram of another embodi-
ment (4) of the radiator; and
FIG. 8 is a schematic diagram of another embodi-
ment (5) of the radiator.

DESCRIPTION OF EMBODIMENTS

[0027] Hereinafter, embodiments according to the
present invention will be described with reference to the
drawings.

{FIRST EMBODIMENT}

[0028] Hereinafter, a first embodiment of the present
invention will be described with reference to FIG. 1 to
FIG. 3.
[0029] FIG. 1 is a configuration diagram of a supercrit-
ical pressure refrigeration cycle according to the first em-
bodiment of the present invention, FIG. 2 is a Mollier di-
agram of the supercritical pressure refrigeration cycle,
and FIG. 3 is a schematic diagram of a radiator applied
to the cycle. The present invention is not limited to the
following embodiments, and it goes without saying that
components in the following embodiments include com-
ponents that are replaceable and easy to replace by a
person skilled in the art, or substantially the same com-
ponents.
[0030] As illustrated in FIG. 1, a supercritical pressure
refrigeration cycle 10 according to this embodiment in-
cludes a heat source unit 11 and a load unit 12. In the
supercritical pressure refrigeration cycle 10, a liquid re-
frigerant pipe 13 and a gas refrigerant pipe 14 connect
the heat source unit 11 and the load unit 12, so that a
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closed-cycle refrigerant circuit 15 is formed. This closed-
cycle refrigerant circuit 15 is filled with a carbon dioxide
refrigerant (hereinafter referred to as a CO2 refrigerant)
whose high pressure side becomes supercritical pres-
sure. The CO2 refrigerant is a refrigerant having an ad-
vantage of having a small load to environment, has no
toxicity, has no combustibility, and is safe and cheap.
[0031] As the refrigerant, as long as the high pressure
side becomes supercritical pressure, of course, other re-
frigerant may be used.
[0032] The heat source unit 11 includes a compressor
16 that compresses a refrigerant, and an oil separator
18, a radiator (gas cooler) 19, and an expansion valve
(decompression device) 20 are sequentially connected
on the discharge side of the compressor 16 through a
refrigerant discharge pipe 17. A heat source unit side
liquid refrigerant pipe 30 for allowing a liquefied refriger-
ant to circulate is connected on the outlet side of the
expansion valve 20, and is connected to the liquid refrig-
erant pipe 13. Additionally, a heat source unit side refrig-
erant suction pipe 21 is connected on the suction side of
the compressor 16, and is connected to the gas refriger-
ant pipe 14 through an accumulator (not illustrated) and
the like.
[0033] The compressor 16 includes an electric motor
and a compression element 23 in a sealed housing 22,
the compression element 23 herein is a two-stage com-
pressible compressor including a low stage compression
element and a high stage compression element, and
compresses low pressure refrigerant gas sucked through
the refrigerant suction pipe 21 to discharge, to the refrig-
erant discharge pipe 17, high temperature and high pres-
sure refrigerant gas that is pressurized to supercritical
pressure. The compression element 23 is driven by the
electric motor (not illustrated), and the rotational frequen-
cy of the compression element 23 is adjustable by change
in the operation frequency of the electric motor. Addition-
ally, inside the sealed housing 22, oil for lubricating re-
spective parts (a bearing and a sliding part) of the com-
pression element 23 is housed, and a sensor 29 that
detects oil quantity in the sealed housing 22 is provided.
[0034] The oil separator 18 separates oil contained in
the high pressure refrigerant gas (supercritical pressure)
discharged from the compressor 16, from a refrigerant.
This oil separator 18 includes an oil return pipe 24 that
returns the separated oil to the sealed housing 22 of the
compressor 16, and the oil return pipe 24 is connected
to the refrigerant suction pipe 21 through a solenoid valve
25, and a capillary tube (throttle) 26. In this embodiment,
the solenoid valve 25 opens/closes on the basis of a sig-
nal of the sensor 29 that detects oil quantity.
[0035] The gas cooler 19 heat-exchanges the high
temperature and high pressure (supercritical pressure)
refrigerant gas discharged from the compressor 16 with
outside air, and radiates heat to cool the high temperature
and high pressure (supercritical pressure) refrigerant
gas. As described later, the gas cooler 19 is composed
of a fin and tube type heat exchanger, and is disposed

so as to face a blower fan (not illustrated) that blows
outside air to the heat exchanger.
[0036] The expansion valve 20 decompresses (ex-
pands) and liquefies the gas refrigerant cooled by the
gas cooler 19.
[0037] On the other hand, the load unit 12 includes a
load unit side pipe 27 connected to the liquid refrigerant
pipe 13 and the gas refrigerant pipe 14, and a vaporizer
(load side heat exchanger) 28 provided in this load unit
side pipe 27, vaporizes a liquid refrigerant supplied
through the liquid refrigerant pipe 13 by use of the va-
porizer 28, and is used as an indoor unit for cooling that
cools an object to be cooled such as air, or various cooling
apparatuses for freezing/refrigerating. The vaporizer 28
is composed of a fin and tube type heat exchanger sim-
ilarly to the gas cooler 19, and is provided with a blower
fan (not illustrated) that blows air to be cooled to the heat
exchanger.
[0038] The vaporizer 28 is used for cooling or freezing
and refrigerating by absorbing heat from the air to be
cooled, vaporizing the liquid refrigerant, and cooling the
air. The low temperature and low pressure refrigerant
gas vaporized by the vaporizer 28 passes through the
gas refrigerant pipe 14, the accumulator, and the refrig-
erant suction pipe 21 to be sucked in the compressor 16,
and is compressed again. While the single load unit 12
is connected in this embodiment, a plurality of the load
units 12 having the vaporizers 28 may be connected in
parallel. In this case, each of the expansion valves 20 is
desirably provided in the inlet side (liquid refrigerant pipe
13 side) of the vaporizer 28 in each load unit side pipe 27.
[0039] In the supercritical pressure refrigeration cycle
10, the refrigerant is pressurized to the supercritical pres-
sure, and therefore even the refrigerant is cooled by the
gas cooler 19, this refrigerant is not condensed, and
passes through the gas cooler 19 as a gas refrigerant
subjected to sensible heat change. FIG. 2 is a Mollier
diagram of the supercritical pressure refrigeration cycle
10 of the refrigerant that is pressurized to the supercritical
pressure. In FIG. 2, a point A shows the pressure and
the enthalpy of the refrigerant on the suction side of the
compressor 16. Similarly, a point B shows the pressure
and the enthalpy of the refrigerant on the inlet side of the
gas cooler 19, a point C shows the pressure and the
enthalpy of the refrigerant on the outlet side of the gas
cooler 19, and a point D shows the pressure and the
enthalpy of the refrigerant on the inlet side of the vapor-
izer 28. Additionally, the broken lines in FIG. 2 illustrate
respective isotherms.
[0040] As described above, in the gas cooler 19, the
sensible heat change by cooling is performed. In this
case, as illustrated in FIG. 2, when enthalpy quantity of
120°C to 100°C, enthalpy quantity of 100°C to 80°C, en-
thalpy quantity of 80°C to 60°C, and enthalpy quantity of
60°C to about 35°C are denoted by a, b, c, and d, re-
spectively, the enthalpy quantities satisfy a < b < c < d,
and the enthalpy quantity d of 60°C to about 35°C is par-
ticularly larger than the enthalpy quantities in other tem-
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perature ranges. Thus, the refrigerant outlet temperature
in the gas cooler 19 is further reduced, so that a cooling
effect can be increased by the lowered amount, and it is
possible to improve a coefficient of performance (COP).
[0041] Hereinafter, a configuration of the gas cooler
(radiator) 19 capable of further reducing the refrigerant
outlet temperature will be described. FIG. 3 is a sche-
matic diagram of the gas cooler 19 according to this em-
bodiment.
[0042] As illustrated in FIG. 3, the gas cooler 19 in-
cludes a large number of strip-like plate fins 31 vertically
extending and disposed in parallel to each other at pre-
determined intervals (pitches), and a heat transfer pipe
group 33 composed of a plurality of heat transfer pipes
penetrating a large number of these plate fins 31, and
allows air to flow in the direction orthogonal to a paper
surface.
[0043] The heat transfer pipe group 33 is disposed in
one row multiple stages (12 stages in this embodiment)
in the vertical direction of the plate fins 31. An in-radiator
refrigerant flow passage is formed by the heat transfer
pipe group 33 such that a plurality of branched refrigerant
flow passages 34A, 34B, 34C (three in this embodiment)
are formed in parallel on the inlet side, and the number
of refrigerant flow passages (the number of circuits) is
reduced to two refrigerant flow passages 34D, 34E from
the above branched refrigerant flow passages 34A, 34B,
34C toward the outlet side, and a single refrigerant flow
passage 34F is further formed on the outlet side.
[0044] Thus, the in-radiator refrigerant flow passage is
formed so as to branch the refrigerant flow passage into
the plurality of refrigerant flow passages 34A, 34B, 34C
on the inlet side, and gradually reduce the number of the
refrigerant flow passages from the inlet to the outlet, so
that the refrigerant is distributed to flow through the re-
spective refrigerant flow passages 34A, 34B, 34C, and
therefore it is possible to reduce the flow rate of the re-
frigerant flowing through each of the refrigerant flow pas-
sages 34A, 34B, 34C, and it is possible to shorten a re-
frigerant flow passage length from the refrigerant flow
passages 34A, 34B, 34C to the single refrigerant flow
passage 34F on the outlet side. Consequently, it is pos-
sible to reduce the pressure loss of the refrigerants in the
gas cooler 19 to improve the coefficient of performance.
[0045] The number of the refrigerant flow passages
(the number of circuits) in the gas cooler 19 is gradually
reduced from the inlet side to the outlet side, and the flow
passage cross sectional area of the refrigerant flow pas-
sages is gradually reduced with the reduction in the
number of the refrigerant flow passages, so that even
when the cooling of the refrigerants in the gas cooler 19
proceeds, and the gas density (specific gravity) of the
refrigerants is gradually increased with this cooling, re-
duction in the flow velocity of the refrigerants is prevent-
ed, and heat exchange efficiency is maintained, so that
it is possible to obtain high heat exchanging performance.
[0046] The gas cooler 19 includes an inlet header 36
connected to an inlet pipe 35 (refrigerant discharge pipe

17) through the oil separator 18, and an outlet side header
38, and forms the in-radiator refrigerant flow passage
such that the three refrigerant flow passages 34A, 34B,
34C on the inlet side are first reduced to the two refrig-
erant flow passages 34D, 34E, and further reduced to
the single refrigerant flow passage 34F on the outlet side
between this inlet header 36 and the outlet side header
38, the number of the refrigerant flow passages (the
number of circuits) is reduced in the pattern of 3 → 2 →
1. This in-radiator refrigerant flow passage is formed by
connecting four heat transfer pipes, has a configuration
in which a refrigerant flows from the upper side to the
lower side in the height direction (vertical direction) of the
gas cooler 19, and has a configuration in which an outlet
heat transfer pipe 42C of a lowermost stage is connected
to an outlet pipe 37 (refrigerant discharge pipe 17) which
leads to the expansion valve 20.
[0047] The refrigerant flow passages 34A, 34B, 34C
on the inlet side include inlet heat transfer pipes 40A,
40B, 40C connected to the inlet header 36, respectively,
and these inlet heat transfer pipes 40A, 40B, 40C are
disposed in upper parts (the first stage, the third stage,
the fifth stage) of the plate fins 31. Third intermediate
heat transfer pipes 41A3, 41B3 are disposed on the outlet
side, and connected to the outlet side header 38 that
allows the plurality of refrigerant flow passages 34D, 34E
to merge into the single refrigerant flow passage 34F,
and outlet heat transfer pipes 42A1, 42A2 continued to
the outlet pipe 37 (refrigerant discharge pipe 17) are dis-
posed below the third intermediate heat transfer pipes
41A3, 41B3. These third intermediate heat transfer pipes
41A3, 41B3 and the outlet heat transfer pipes 42A1, 42A2
are disposed on lower parts of the plate fins 31 (the eighth
stage, the tenth stage, the eleventh stage, and the twelfth
stage).
[0048] The refrigerant flow passage 34A includes a first
intermediate heat transfer pipe 41A1 connected to the
inlet heat transfer pipe 40A through a U-shaped pipe 43.
This refrigerant flow passage 34A is communicated with
both the refrigerant flow passages 34D, 34E including
second intermediate heat transfer pipes 41A2, 41B2 con-
nected to the third intermediate heat transfer pipes 41A3,
41B3 respectively through U-shaped pipes 43, through
an intermediate header 44. The first intermediate heat
transfer pipe 41A1 is disposed below the inlet heat trans-
fer pipe 40A by one stage, and the second intermediate
heat transfer pipe 41A2 is disposed above the third in-
termediate heat transfer pipe 41A3 by one stage. The
first intermediate heat transfer pipe 41A1 and the second
intermediate heat transfer pipes 41A2 and 41B2 are com-
municated with each other through the intermediate
header 44. Accordingly, the refrigerant flowing in the re-
frigerant flow passage 34A passes through the inlet heat
transfer pipe 40A, and the first intermediate heat transfer
pipe 41A1 to flow through the second intermediate heat
transfer pipe 41A2, the third intermediate heat transfer
pipe 41A3 or the second intermediate heat transfer pipe
41B2, and the third intermediate heat transfer pipe 41B3
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in order from the heat transfer pipe of the upper stage to
the heat transfer pipe of the lower stage.
[0049] Similarly, the refrigerant flow passage 34B in-
cludes a first intermediate heat transfer pipe 41B1 con-
nected to the inlet heat transfer pipe 40B through a U-
shaped pipe 43. The refrigerant flow passage 34B is com-
municated with both the refrigerant flow passages 34D,
34E including the second intermediate heat transfer
pipes 41A2, 41B2 connected to the third intermediate
heat transfer pipes 41A3, 41B3 respectively through U-
shaped pipes 43, through the intermediate header 44.
The first intermediate heat transfer pipe 41B1 is disposed
below the inlet heat transfer pipe 40B by one stage, and
the second intermediate heat transfer pipe 41B2 is dis-
posed above the third intermediate heat transfer pipe
41B3 by one stage. The first intermediate heat transfer
pipe 41B1, and the second intermediate heat transfer
pipes 41A2 and 41B2 are communicated with each other
through the intermediate header 44. Accordingly, the re-
frigerant flowing in the refrigerant flow passage 34B pass-
es through the inlet heat transfer pipe 40B, and the first
intermediate heat transfer pipe 41B1 to flow through the
second intermediate heat transfer pipe 41A2, the third
intermediate heat transfer pipe 41A3 or the second in-
termediate heat transfer pipe 41B2, and the third inter-
mediate heat transfer pipe 41B3 in order from the heat
transfer pipe of the upper stage to the heat transfer pipe
of the lower stage.
[0050] Furthermore, the refrigerant flow passage 34C
includes a first intermediate heat transfer pipe 41C1 con-
nected to the inlet heat transfer pipe 40C through a U-
shaped pipe 43. This refrigerant flow passage 34C is
communicated with both the refrigerant flow passages
34D, 34E including the second intermediate heat transfer
pipes 41A2, 41B2 connected to the third intermediate
heat transfer pipes 41A3, 41B3 respectively through U-
shaped pipes 43, through the intermediate header 44.
The first intermediate heat transfer pipe 41C1 is disposed
below the inlet heat transfer pipe 40C by one stage. Ad-
ditionally, the first intermediate heat transfer pipe 41C1,
and the second intermediate heat transfer pipes 41A2
and 41B2 are communicated with each other through the
intermediate header 44. Consequently, the refrigerant
flowing in the refrigerant flow passage 34C passes
through the inlet heat transfer pipe 40C, and the first in-
termediate heat transfer pipe 41C1 to flow through the
second intermediate heat transfer pipe 41A2, the third
intermediate heat transfer pipe 41A3 or the second in-
termediate heat transfer pipe 41B2, and the third inter-
mediate heat transfer pipe 41B3 in order from the heat
transfer pipe of the upper stage to the heat transfer pipe
of the lower stage.
[0051] That is, the refrigerants distributed into the three
refrigerant flow passages 34A, 34B, 34C to flow in the
gas cooler 19 flow in the two refrigerant flow passages
34D, 34E formed by the second intermediate heat trans-
fer pipes 41A2, 41B2 and the third intermediate heat
transfer pipes 41A3, 41B3, through the first intermediate

heat transfer pipes 41A1, 41B1, 41C1 and the interme-
diate header 44. Additionally, during this circulation, the
number of the refrigerant flow passages (the number of
circuits) is reduced from 3 to 2, and the flow passage
cross sectional area is reduced to two-thirds.
[0052] Furthermore, the outlet heat transfer pipe 42A1
is disposed below the third intermediate heat transfer
pipe 41B3 by one stage, and is connected to the outlet
side header 38, and the outlet heat transfer pipe 42A2
connected to the outlet pipe 37 (refrigerant discharge
pipe 17) is disposed below this outlet heat transfer pipe
42A1 by one stage, and is connected to the outlet heat
transfer pipe 42A1 through the U-shaped pipe 43. This
outlet side header 38 allows the refrigerants that circulate
in the two refrigerant flow passages 34D, 34E formed by
the second intermediate heat transfer pipes 41A2, 41B2
and the third intermediate heat transfer pipes 41A3, 41B3
into merge and flow to the single refrigerant flow passage
34F formed by the outlet heat transfer pipes 42A1, 42A2.
Herein, the number of the refrigerant flow passages (the
number of circuits) is reduced from 2 to 1, and the flow
passage cross sectional area is further reduced to one-
half.
[0053] The gas cooler 19 includes an upper heat ex-
change part 45 and a lower heat exchange part 46 formed
by division into a plurality of parts (two in this embodi-
ment) in the height direction (vertical direction). Herein,
the refrigerant flow passages 34A, 34B, 34C on the inlet
side are formed on the upper heat exchange part 45 side.
More specifically, the inlet heat transfer pipes 40A, 40B,
40C and the first intermediate heat transfer pipes 41A1,
41B1, 41C1 that form the refrigerant flow passages 34A,
34B, 34C, respectively are provided in the upper heat
exchange part 45, the second intermediate heat transfer
pipes 41A2, 41B2, the third intermediate heat transfer
pipes 41A3, 41B3, and the outlet heat transfer pipes
42A1, 42A2 that form the refrigerant flow passages 34D,
34E and 34F on the downstream side respectively are
connected to the inlet heat transfer pipes 40A, 40B, 40C
and the first intermediate heat transfer pipes 41A1, 41B1,
41C1 through the intermediate header 44, respectively,
and the lower heat exchange part 46 is provided.
[0054] Thus, according to this configuration, in the re-
frigerant flow passages 34A, 34B, 34C on the inlet side,
the inlet heat transfer pipes 40A, 40B, 40C and the first
intermediate heat transfer pipes 41A1, 41B1, 41C1 are
disposed in the respective upper parts of the plate fins
31, and the outlet heat transfer pipes 42A1, 42A2 that
form the single refrigerant flow passage 34F on the down-
stream side are disposed in the respective lower parts
of the plate fins 31, and therefore the outlet heat transfer
pipes 42A1, 42A2 that form the refrigerant flow passage
34F can be disposed to separate from the inlet heat trans-
fer pipes 40A, 40B, 40C forming its own and other refrig-
erant flow passages.
[0055] Furthermore, in the refrigerant flow passages
34A, 34B, 34C on the inlet side, the first intermediate
heat transfer pipes (intermediate heat transfer pipes)
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41A1, 41B1, 41C1, the second intermediate heat transfer
pipes (intermediate heat transfer pipes) 41A2, 41B2, and
the third intermediate heat transfer pipes (intermediate
heat transfer pipes) 41A3, 41B3 are disposed between
the inlet heat transfer pipes 40A, 40B, 40C, and the outlet
heat transfer pipes 42A1, 42A2, respectively, and there-
fore the inlet heat transfer pipes 40A, 40B, 40C, and the
outlet heat transfer pipes 42A1, 42A2 are not adjacent
to each other.
[0056] Accordingly, it is possible to suppress the tem-
perature increase of the refrigerants that flow through the
outlet heat transfer pipes 42A1, 42A2 by the high tem-
perature (e.g., 100°C to 120°C) refrigerants that flow
through the inlet heat transfer pipes 40A, 40B, 40C, and
therefore it is possible to improve the coefficient of per-
formance (COP) of the refrigeration cycle.
[0057] In the refrigerant flow passages 34A, 34B, 34C,
34D, 34E, 34F inside the gas cooler 19, the refrigerants
circulate in the inlet heat transfer pipes 40A, 40B, 40C,
the first intermediate heat transfer pipes 41A1, 41B1,
41C1, the second intermediate heat transfer pipes 41A2,
41B2, the third intermediate heat transfer pipes 41A3,
41B3, and the outlet heat transfer pipes 42A1, 42A2 in
order from the heat transfer pipes of the upper stage to
the heat transfer pipes of the lower stage. During this
circulation, the refrigerant that is pressurized to the su-
percritical pressure is not condensed in the gas cooler
19, but the density (specific gravity) of refrigerant gas is
increased with the cooling. Therefore, the in-radiator re-
frigerant flow passage is formed such that the refrigerants
flow from the heat transfer pipes of the upper stage to
the heat transfer pipes of the lower stage, so that it is
possible to facilitate the circulation of the refrigerants by
gravity to improve heat exchange efficiency.
[0058] In the above in-radiator refrigerant flow pas-
sage, the refrigerants are gradually cooled from the heat
transfer pipes of the upper stage to the heat transfer pipes
of the lower stage, and therefore a temperature differ-
ence between the refrigerants flowing through the adja-
cent heat transfer pipes can be made below a predeter-
mined temperature, and heat transfer between the adja-
cent heat transfer pipes can be suppressed. When the
Mollier diagram illustrated in FIG. 2 is referred, the outlet-
inlet temperature difference of the gas cooler 19 is 85°C
in this embodiment, and therefore the temperature dif-
ference between the refrigerants flowing through the ad-
jacent heat transfer pipes can be lowered to about 20°C
to 25°C. Additionally, the outlet-inlet temperature differ-
ence of the gas cooler 19 is generally about 60°C, and
therefore, in this case, the temperature difference be-
tween the refrigerants flowing through the adjacent heat
transfer pipes can be lowered to about 15°C.
[0059] Furthermore, the gas cooler 19 includes the up-
per heat exchange part 45 and the lower heat exchange
part 46 divided up and down, and the refrigerant flow
passages 34A, 34B, 34C, 34D, 34E, 34F forming the in-
radiator refrigerant flow passage each has a configura-
tion in which the refrigerant sequentially flows from the

upper heat exchange part 45 toward the lower heat ex-
change part 46, and therefore a temperature gradient of
lowering a temperature from the upper heat exchange
part 45 toward the lower heat exchange part 46 is formed.
Therefore, it is possible to suppress temperature irregu-
larity of the gas cooler 19.
[0060] The refrigerant flow passages 34A, 34B, 34C,
34D, 34E, 34F include the first intermediate heat transfer
pipes 41A1, 41B1, 41C1 continued to the inlet heat trans-
fer pipes 40A, 40B, 40C, and the second intermediate
heat transfer pipes 41A2, 41B2 and the third intermediate
heat transfer pipes 41A3, 41B3 continued to outlet heat
transfer pipes 42A1, 42A2, and include the intermediate
header 44 connected to all the first intermediate heat
transfer pipes 41A1, 41B1, 41C1, the second intermedi-
ate heat transfer pipes 41A2, 41B2, and the third inter-
mediate heat transfer pipes 41A3, 41B3, and therefore
even when distribution of the refrigerants in the inlet heat
transfer pipes 40A, 40B, 40C of the refrigerant flow pas-
sages 34A, 34B, 34C on the inlet side is inappropriate,
the refrigerants are collected in the intermediate header
44 once, and thereafter distributed again when flowing
through the refrigerant flow passages 34D, 34E, and
therefore the distribution can be made appropriate. Con-
sequently, it is possible to uniformize refrigerant distribu-
tion in the gas cooler 19 and sufficiently perform heat
exchange.
[0061] Furthermore, in this embodiment, the flow pas-
sage cross sectional area of the refrigerant flow passag-
es in the gas cooler 19 is gradually reduced from the inlet
side to the outlet side. That is, the number of the refrig-
erant flow passages of the refrigerant flow passages 34A,
34B, 34C on the inlet side, and the number of refrigerant
flow passages (the number of circuits) of the refrigerant
flow passages 34D, 34E and the refrigerant flow passage
34F continued to the downstream side of the refrigerant
flow passages 34A, 34B, 34C is gradually reduced in a
manner of 3 → 2 → 1, and the flow passage cross sec-
tional area of the in-radiator refrigerant flow passage is
gradually reduced from the inlet side to the outlet side.
Therefore, even when the cooling of the refrigerants in
the gas cooler 19 proceeds, and the gas density (specific
gravity) of the refrigerants is gradually increased with this
cooling, reduction in the flow velocity of the refrigerants
is prevented, and heat exchange efficiency is maintained,
so that it is possible to obtain high heat exchanging per-
formance, and it is possible to attain high performance
of the gas cooler 19.
[0062] Now, other embodiments (1) to (5) of the
present invention will be described with reference to FIG.
4 to FIG. 8.

{ANOTHER EMBODIMENT (1)}

[0063] FIG. 4 is a schematic diagram of a gas cooler
according to another embodiment (1).
[0064] In this embodiment, the flow passage cross sec-
tional area of refrigerant flow passages in a gas cooler
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50 is not gradually reduced from the inlet side to the outlet
side by gradual reduction in the number of the refrigerant
flow passages (the number of circuits), and the flow pas-
sage cross sectional area of an in-radiator refrigerant flow
passage is gradually reduced from the inlet side to the
outlet side by change in flow passage diameters of heat
transfer pipes of the refrigerant flow passages.
[0065] In this embodiment, a heat transfer pipe group
33 is disposed in one row multiple stages (12 stages in
this embodiment) in the vertical direction of plate fins 31,
and a plurality of refrigerant flow passages 34A, 34B,
34C (three in this embodiment) are formed in parallel by
the heat transfer pipe group 33.
[0066] Thus, a plurality of the refrigerant flow passages
34A, 34B, 34C (the number of circuits: 3) are formed, so
that the refrigerant is distributed into the refrigerant flow
passages 34A, 34B, 34C to flow, and therefore it is pos-
sible to reduce the flow rate of the refrigerant flowing
through each of the refrigerant flow passages 34A, 34B,
34C, and it is possible to shorten the respective refriger-
ant flow passage lengths of the refrigerant flow passages
34A, 34B, 34C. Consequently, it is possible to reduce
the pressure loss of the refrigerants in the gas cooler 50
to improve a coefficient of performance.
[0067] The gas cooler 50 includes an inlet header 36
connected to an inlet pipe 35 (refrigerant discharge pipe
17) through an oil separator 18, and an outlet side header
38 connected to an outlet pipe 37 (refrigerant discharge
pipe 17) which leads to an expansion valve 20, and the
three refrigerant flow passages 34A, 34B, 34C are
formed from the inlet to the outlet between the inlet head-
er 36 and the outlet side header 38. These refrigerant
flow passages 34A, 34B, 34C are each formed by con-
necting four heat transfer pipes, and allow the refrigerant
to flow from the upper side to the lower side in the height
direction (vertical direction) of the gas cooler 50.
[0068] The refrigerant flow passages 34A, 34B, 34C
include inlet heat transfer pipes 40A, 40B, 40C connected
to the inlet header 36, respectively. The inlet heat transfer
pipes 40A, 40B, 40C are disposed in upper parts (the
first stage, the third stage, the fifth stage) of the plate fins
31. Additionally, the refrigerant flow passages 34A, 34B,
34C include outlet heat transfer pipes 42A, 42B, 42C
connected to the outlet side header 38, respectively.
These outlet heat transfer pipes 42A, 42B, 42C are dis-
posed in lower parts of the plate fins 31 (the eighth stage,
the tenth stage, and the twelfth stage).
[0069] The refrigerant flow passage 34A includes a first
intermediate heat transfer pipe 41A1 connected to the
inlet heat transfer pipe 40A through a U-shaped pipe 43,
and a second intermediate heat transfer pipe 41A2 con-
nected to the outlet heat transfer pipe 42A through a U-
shaped pipe 43. The first intermediate heat transfer pipe
41A1 is disposed below the inlet heat transfer pipe 40A
by one stage, and the second intermediate heat transfer
pipe 41A2 is disposed above the outlet heat transfer pipe
42A by one stage. Additionally, the first intermediate heat
transfer pipe 41A1 and the second intermediate heat

transfer pipe 41A2 are communicated with each other
through an intermediate header 44. Consequently, in the
refrigerant flow passage 34A, the refrigerant flows
through the inlet heat transfer pipe 40A, the first interme-
diate heat transfer pipe 41A1, the second intermediate
heat transfer pipe 41A2, and the outlet heat transfer pipe
42A in order from the heat transfer pipe of the upper stage
to the heat transfer pipe of the lower stage.
[0070] Similarly, the refrigerant flow passage 34B in-
cludes a first intermediate heat transfer pipe 41B1 con-
nected to the inlet heat transfer pipe 40B through a U-
shaped pipe 43, and a second intermediate heat transfer
pipe 41B2 connected to the outlet heat transfer pipe 42B
through a U-shaped pipe 43. The first intermediate heat
transfer pipe 41B1 is disposed below the inlet heat trans-
fer pipe 40B by one stage, and the second intermediate
heat transfer pipe 41B2 is disposed above the outlet heat
transfer pipe 42B by one stage. Additionally, the first in-
termediate heat transfer pipe 41B1 and the second in-
termediate heat transfer pipe 41B2 are communicated
with each other through the intermediate header 44. Con-
sequently, in the refrigerant flow passage 34B, the refrig-
erant flows through the inlet heat transfer pipe 40B, the
first intermediate heat transfer pipe 41B1, the second
intermediate heat transfer pipe 41B2, and the outlet heat
transfer pipe 42B in order from the heat transfer pipe of
the upper stage to the heat transfer pipe of the lower
stage.
[0071] Furthermore, the refrigerant flow passage 34C
includes a first intermediate heat transfer pipe 41C1 con-
nected to the inlet heat transfer pipe 40C through a U-
shaped pipe 43, and a second intermediate heat transfer
pipe 41C2 connected to the outlet heat transfer pipe 42C
through a U-shaped pipe 43. The first intermediate heat
transfer pipe 41C1 is disposed below the inlet heat trans-
fer pipe 40C by one stage, and the second intermediate
heat transfer pipe 41C2 is disposed above the outlet heat
transfer pipe 42C by one stage. Additionally, the first in-
termediate heat transfer pipe 41C1 and the second in-
termediate heat transfer pipe 41C2 are communicated
with each other through the intermediate header 44. Con-
sequently, in the refrigerant flow passage 34C, the re-
frigerant flows through the inlet heat transfer pipe 40C,
the first intermediate heat transfer pipe 41C1, the second
intermediate heat transfer pipe 41C2, and the outlet heat
transfer pipe 42C in order from the heat transfer pipe of
the upper stage to the heat transfer pipe of the lower
stage.
[0072] Herein, the flow passage diameters of the four
heat transfer pipes forming the flow passage of each of
the refrigerant flow passages 34A, 34B, 34C, namely,
the inlet heat transfer pipes 40A, 40B, 40C, the first in-
termediate heat transfer pipes 41A1, 41B1, 41C1, the
second intermediate heat transfer pipes 41A2, 41B2,
41C2, and the outlet heat transfer pipes 42A, 42B, 42C
are flow passage diameters satisfying the relation of inlet
heat transfer pipe > first intermediate heat transfer pipe
> second intermediate heat transfer pipe > outlet heat
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transfer pipe. Consequently, the respective flow passage
cross sectional areas of the refrigerant flow passages
34A, 34B, 34C are set so as to be gradually reduced from
the inlet side to the outlet side. Herein, the flow passage
diameter of each pipe expresses the inner diameter of a
circular pipe, but means a fluid diameter that is a diameter
conversion value of a pipe in a case of a pipe other than
the circular pipe. The present invention includes a case
where the pipe other than the circular pipe is used.
[0073] The gas cooler 50 includes an upper heat ex-
change part 45 and a lower heat exchange part 46 formed
by division into a plurality of parts (two in this embodi-
ment) in the height direction (vertical direction). The re-
frigerant flow passages 34A, 34B, 34C are each formed
so as to sequentially circulate in the upper heat exchange
part 45 and the lower heat exchange part 46. More spe-
cifically, in the refrigerant flow passage 34A, the inlet heat
transfer pipe 40A and the first intermediate heat transfer
pipe 41A1 are provided in the upper heat exchange part
45, and the second intermediate heat transfer pipe 41A2
and the outlet heat transfer pipe 42A are provided in the
lower heat exchange part 46 through the intermediate
header 44.
[0074] Similarly, in the refrigerant flow passage 34B,
the inlet heat transfer pipe 40B and the first intermediate
heat transfer pipe 41B1 are provided in the upper heat
exchange part 45, and the second intermediate heat
transfer pipe 41B2 and the outlet heat transfer pipe 42B
are provided in the lower heat exchange part 46. Addi-
tionally, in the refrigerant flow passage 34C, the inlet heat
transfer pipe 40C and the first intermediate heat transfer
pipe 41C1 are provided in the upper heat exchange part
45, and the second intermediate heat transfer pipe 41C2
and the outlet heat transfer pipe 42C are provided in the
lower heat exchange part 46.
[0075] Thus, in this embodiment, in the refrigerant flow
passages 34A, 34B, 34C, the inlet heat transfer pipes
40A, 40B, 40C are provided in the respective upper parts
of the plate fins 31, and the outlet heat transfer pipes
42A, 42B, 42C are provided in the respective lower parts
of the plate fins 31, and therefore the outlet heat transfer
pipes 42A, 42B, 42C of the refrigerant flow passages
34A, 34B, 34C can be disposed to separate from the inlet
heat transfer pipes 40A, 40B, 40C of its own and other
refrigerant flow passages 34A, 34B, 34C.
[0076] Furthermore, in the refrigerant flow passages
34A, 34B, 34C, the first intermediate heat transfer pipes
(intermediate heat transfer pipes) 41A1, 41B1, 41C1, and
the second intermediate heat transfer pipes (intermedi-
ate heat transfer pipes) 41A2, 41B2, 41C2 are provided
between the inlet heat transfer pipes 40A, 40B, 40C, and
the outlet heat transfer pipes 42A, 42B, 42C, respective-
ly, and therefore the inlet heat transfer pipes 40A, 40B,
40C, and the outlet heat transfer pipes 42A, 42B, 42C
are not adjacent to each other. Accordingly, it is possible
to suppress increase in the refrigerant outlet temperature
by the high temperature (e.g., 100°C to 120°C) refriger-
ants that flow through the inlet heat transfer pipes 40A,

40B, 40C, and therefore it is possible to improve the co-
efficient of performance of the refrigeration cycle.
[0077] In the refrigerant flow passages 34A, 34B, 34C,
the refrigerants flow through the inlet heat transfer pipes
40A, 40B, 40C, the first intermediate heat transfer pipes
41A1, 41B1, 41C1, the second intermediate heat transfer
pipes 41A2, 41B2, 41C2, the outlet heat transfer pipes
42A, 42B, 42C in order from the heat transfer pipes of
the upper stage to the heat transfer pipes of the lower
stage. In a supercritical pressure refrigeration cycle 10,
a refrigerant that is pressurized to supercritical pressure
by a compressor 16 is not condensed in the gas cooler
50, but the density (specific gravity) of refrigerant gas is
increased with the cooling. Therefore, the refrigerant flow
passages 34A, 34B, 34C are formed such that the refrig-
erants flow from the heat transfer pipes of the upper stage
to the heat transfer pipes of the lower stage, so that it is
possible to facilitate the circulation of the refrigerants by
gravity to improve heat exchange efficiency.
[0078] In the refrigerant flow passages 34A, 34B, 34C,
the refrigerants are gradually cooled from the heat trans-
fer pipes of the upper stage to the heat transfer pipes of
the lower stage, and therefore a temperature difference
between the refrigerants flowing through the adjacent
heat transfer pipes can be made below a predetermined
temperature, and heat transfer between the adjacent
heat transfer pipes can be suppressed. When the Mollier
diagram illustrated in FIG. 2 is referred, a temperature
difference between refrigerants in the outlet and the inlet
of the gas cooler 50 is 85°C in this embodiment, and
therefore the temperature difference between the refrig-
erants flowing through the adjacent heat transfer pipes
can be lowered to about 20°C to 25°C. Additionally, the
outlet-inlet temperature difference of the gas cooler 50
is generally about 60°C, and therefore, in this case, the
temperature difference between the refrigerants flowing
through the adjacent heat transfer pipes can be lowered
to about 15°C.
[0079] Furthermore, the gas cooler 50 includes the up-
per heat exchange part 45 and the lower heat exchange
part 46 divided up and down, and the refrigerant flow
passages 34A, 34B, 34C each has a configuration in
which the refrigerant sequentially flows from the upper
heat exchange part 45 toward the lower heat exchange
part 46, and therefore a temperature gradient of lowering
a temperature from the upper heat exchange part 45 to-
ward the lower heat exchange part 46 is formed, and it
is possible to suppress temperature irregularity of the
gas cooler 50.
[0080] The refrigerant flow passages 34A, 34B, 34C
include the first intermediate heat transfer pipes 41A1,
41B1, 41C1 continued to the inlet heat transfer pipes
40A, 40B, 40C, the second intermediate heat transfer
pipes 41A2, 41B2, 41C2 continued to the outlet heat
transfer pipes 42A, 42B, 42C, respectively, and include
the intermediate header 44 connected to all the first in-
termediate heat transfer pipes 41A1, 41B1, 41C1 and
the second intermediate heat transfer pipes 41A2, 41B2,

17 18 



EP 3 141 857 A1

11

5

10

15

20

25

30

35

40

45

50

55

41C2 of the refrigerant flow passages 34A, 34B, 34C,
and therefore even when distribution of the refrigerants
in the inlet heat transfer pipes 40A, 40B, 40C of the re-
frigerant flow passages 34A, 34B, 34C is inappropriate,
the refrigerants are collected in the intermediate header
44 once, and thereafter distributed again in the refrigerant
flow passages 34A, 34B, 34C, and therefore the distri-
bution can be made appropriate. Consequently, it is pos-
sible to sufficiently perform heat exchange in the gas
cooler 50.
[0081] The flow passage cross sectional area of the
refrigerant flow passages in the gas cooler 50 is gradually
reduced from the inlet side to the outlet side. That is, the
respective flow passage diameters (inner diameters) of
the inlet heat transfer pipes 40A, 40B, 40C, the first in-
termediate heat transfer pipes 41A1, 41B1, 41C1, the
second intermediate heat transfer pipes 41A2, 41B2,
41C2, and the outlet heat transfer pipes 42A, 42B, 42C
forming the refrigerant flow passages 34A, 34B, 34C are
set such that the relation of inlet heat transfer pipe > first
intermediate heat transfer pipe > second intermediate
heat transfer pipe > outlet heat transfer pipe is satisfied,
and the respective flow passage cross sectional areas
of the refrigerant flow passages 34A, 34B, 34C are set
so as to be gradually reduced from the inlet side to the
outlet side. Therefore, even when the cooling of the re-
frigerants in the gas cooler 50 proceeds, and the gas
density (specific gravity) of the refrigerants is gradually
increased with this cooling, reduction in the flow velocity
of the refrigerants is prevented, and heat exchange effi-
ciency is maintained, so that it is possible to obtain high
heat exchanging performance.

{ANOTHER EMBODIMENT (2)}

[0082] FIG. 5 is a schematic diagram of a gas cooler
according to another embodiment (2).
[0083] In this gas cooler 50, configurations identical
with the configuration of the above gas cooler 50 are
denoted by the same reference numerals, and descrip-
tion thereof will be omitted. In the gas cooler 50 of this
embodiment, in refrigerant flow passages 34A, 34B, 34C,
first intermediate heat transfer pipes 41A1, 41B1, 41C1
and second intermediate heat transfer pipes 41A2, 41B2,
41C2 are connected to each other through connecting
pipes 47A, 47B, 47C, respectively. In this configuration,
the intermediate header 44 is unnecessary, and therefore
it is possible to realize miniaturization of the gas cooler
50.
[0084] In this embodiment, it goes without saying that
the respective flow passage diameters of inlet heat trans-
fer pipes 40A, 40B, 40C, the first intermediate heat trans-
fer pipes 41A1, 41B1, 41C1, the second intermediate
heat transfer pipes 41A2, 41B2, 42C2, and outlet heat
transfer pipes 42A, 42B, 42C forming the refrigerant flow
passages 34A, 34B, 34C, respectively satisfy the relation
of inlet heat transfer pipe > first intermediate heat transfer
pipe > second intermediate heat transfer pipe > outlet

heat transfer pipe.
[0085] In the above another embodiments (1), (2), the
refrigerant flow passages 34A, 34B, 34C each include
two pipes, namely include the first intermediate heat
transfer pipes 41A1, 41B1, 41C1 and the second inter-
mediate heat transfer pipes 41A2, 41B2, 41C2, respec-
tively, as intermediate heat transfer pipes. However, the
number of intermediate heat transfer pipes may be ap-
propriately changed in response to the refrigerant flow
rate or the size of plate fins 31. At least one intermediate
heat transfer pipe may be provided, and the refrigerant
flow passage may have a minimum configuration of a
flow of one round trip and a half by three pipes, namely,
the inlet heat transfer pipe, the intermediate heat transfer
pipe, and the outlet heat transfer pipe. In this configura-
tion, the outlet of the refrigerant is located on an opposite
side to the inlet of the refrigerant in the direction in which
the heat transfer pipe extends.
[0086] Thus, in a case where the refrigerant flow pas-
sages 34A, 34B, 34C are formed by three paths, a re-
frigerant temperature difference in the outlet and the inlet
of the gas cooler 50 is 85°C (refer to FIG. 2), and therefore
a temperature difference between the refrigerants flow-
ing through the adjacent heat transfer pipes can be low-
ered to about 25°C to 30°C. In this configuration, com-
pared to a refrigerant flow passages formed by four heat
transfer pipes (4 paths), the temperature difference be-
tween the refrigerants flowing through the adjacent heat
transfer pipes is increased, and may become about 30°C.
Additionally, the outlet-inlet temperature difference of the
gas cooler 50 is generally about 60°C, and therefore, in
this case, the temperature difference between the refrig-
erants flowing through the adjacent heat transfer pipes
can be lowered to about 20°C.
[0087] In the above respective embodiments, the in-
tervals (pitches) of the heat transfer pipes are the same.
However, for example, the interval between the upper
heat exchange part 45 and the lower heat exchange part
46, and the interval between the first intermediate heat
transfer pipe 41C1 of the refrigerant flow passage 34C,
and the second intermediate heat transfer pipe 41A2 of
the refrigerant flow passage 34A may be wider by one
pipe more. In this configuration, heat transfer between
the upper heat exchange part 45 and the lower heat ex-
change part 46 is suppressed, and therefore it is possible
to further suppress increase in the refrigerant outlet tem-
perature.

{ANOTHER EMBODIMENT (3)}

[0088] FIG. 6 is a schematic diagram of a gas cooler
according to another embodiment (3).
[0089] While the gas coolers 19, 50 each include the
one row of heat transfer pipe group 33 in the above re-
spective embodiments, this embodiment is different from
the above embodiments in that a plurality of rows of heat
transfer pipe group 33 are provided. Configurations iden-
tical with the configurations of the above gas coolers 19,
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50 are denoted by the same reference numerals, and
description thereof will be omitted.
[0090] As illustrated in FIG. 6, a gas cooler 60 of this
embodiment includes the heat transfer pipe group 33
formed by multiple rows and stages (two rows and six
stages in this embodiment) heat transfer pipes. In the
heat transfer pipe group 33, the height positions of the
heat transfer pipes of each row are different, and heat
transfer pipes of a row on a leeward side are disposed
slightly above heat transfer pipes of a row on a windward
side. Additionally, the gas cooler 60 includes three refrig-
erant flow passages 34A, 34B, 34C on an inlet side,
formed in parallel by the heat transfer pipe group 33, two
refrigerant flow passages 34D, 34E sequentially con-
nected to the refrigerant flow passages 34A, 34B, 34C,
and a single refrigerant flow passage 34F.
[0091] The refrigerant flow passages 34A, 34B, 34C
on the inlet side include inlet heat transfer pipes 40A,
40B, 40C connected to an inlet header 36, respectively.
These inlet heat transfer pipes 40A, 40B, 40C are dis-
posed in upper parts (the first stage, the second stage,
the third stage) of the row on the leeward side of plate
fins 31. Additionally, the refrigerant flow passage 34F on
outlet side includes outlet heat transfer pipes 42A1, 42A2
connected to an outlet side header 38. These outlet heat
transfer pipes 42A1, 42A2 are disposed in respective
lowermost parts (the sixth stage) of the rows on the lee-
ward side and the windward side of the plate fins 31.
[0092] The refrigerant flow passage 34A includes a first
intermediate heat transfer pipe 41A1 connected to the
inlet heat transfer pipe 40A through a U-shaped pipe (not
illustrated). This refrigerant flow passage 34A is commu-
nicated with both the refrigerant flow passages 34D, 34E
including second intermediate heat transfer pipes 41A2,
41B2 connected to third intermediate heat transfer pipes
41A3, 41B3 respectively through U-shaped pipes (not
illustrated), through an intermediate header 44. The first
intermediate heat transfer pipe 41A1 is disposed in an
uppermost stage of an adjacent row of the inlet heat
transfer pipe 40A (row on the windward side), and the
second intermediate heat transfer pipe 41A2 is disposed
in a lower part (the fourth stage) of an adjacent row of
the third intermediate heat transfer pipe 41A3 (row on
the leeward side). Additionally, the first intermediate heat
transfer pipe 41A1 and the second intermediate heat
transfer pipe 41A2 are connected to each other through
the intermediate header 44. Consequently, a refrigerant
flowing in the refrigerant flow passage 34A passes
through the inlet heat transfer pipe 40A, and the first in-
termediate heat transfer pipe 41A1 to flow through the
second intermediate heat transfer pipe 41A2, the third
intermediate heat transfer pipe 41A3 or the second in-
termediate heat transfer pipe 41B2, and the third inter-
mediate heat transfer pipe 41B3 in order from the heat
transfer pipe of the upper stage to the heat transfer pipe
of the lower stage.
[0093] Similarly, the refrigerant flow passage 34B in-
cludes a first intermediate heat transfer pipe 41B1 con-

nected to the inlet heat transfer pipe 40B through a U-
shaped pipe. The refrigerant flow passage 34B is com-
municated with both the refrigerant flow passages 34D,
34E including the second intermediate heat transfer
pipes 41A2, 41B2 connected to the third intermediate
heat transfer pipes 41A3, 41B3 through the U-shaped
pipes, respectively through the intermediate header 44.
The first intermediate heat transfer pipe 41B1 is disposed
in an upper part (the second stage) of an adjacent row
of the inlet heat transfer pipe 40B (row on the windward
side), and the second intermediate heat transfer pipe
41B2 is disposed in a lower part (the fifth stage) of an
adjacent row (row on the leeward side) of the third inter-
mediate heat transfer pipe 41B3. Additionally, the first
intermediate heat transfer pipe 41B1 and the second in-
termediate heat transfer pipes 41A2 and 41B2 are com-
municated with each other through the intermediate
header 44. Consequently, a refrigerant flowing in the re-
frigerant flow passage 34B passes through the inlet heat
transfer pipe 40B, and the first intermediate heat transfer
pipe 41B1 to flow through the second intermediate heat
transfer pipe 41A2, the third intermediate heat transfer
pipe 41A3 or the second intermediate heat transfer pipe
41B2, and the third intermediate heat transfer pipe 41B3
in order from the heat transfer pipe of the upper stage to
the heat transfer pipe of the lower stage.
[0094] Furthermore, the refrigerant flow passage 34C
includes a first intermediate heat transfer pipe 41C1 con-
nected to the inlet heat transfer pipe 40C through a U-
shaped pipe. The refrigerant flow passage 34C is com-
municated with both the refrigerant flow passages 34D,
34E including the second intermediate heat transfer
pipes 41A2, 41B2 connected to the third intermediate
heat transfer pipes 41A3, 41B3 respectively through U-
shaped pipes, through the intermediate header 44. The
first intermediate heat transfer pipe 41C1 is disposed in
an upper part (the third stage) of an adjacent row of the
inlet heat transfer pipe 40C (row on the windward side).
Consequently, a refrigerant flowing in the refrigerant flow
passage 34C passes through the inlet heat transfer pipe
40C, and the first intermediate heat transfer pipe 41C1
to flow through the second intermediate heat transfer
pipe 41A2, the third intermediate heat transfer pipe 41A3
or the second intermediate heat transfer pipe 41B2, and
the third intermediate heat transfer pipe 41B3 in order
from the heat transfer pipe of the upper stage to the heat
transfer pipe of the lower stage.
[0095] That is, the refrigerants distributed into the three
refrigerant flow passages 34A, 34B, 34C to flow in the
gas cooler 60 flow in the two refrigerant flow passages
34D, 34E formed by the second intermediate heat trans-
fer pipes 41A2, 41B2 and the third intermediate heat
transfer pipes 41A3, 41B3, through the first intermediate
heat transfer pipes 41A1, 41B1, 41C1 and the interme-
diate header 44. During this circulation, the number of
the refrigerant flow passages (the number of circuits) is
reduced from 3 to 2, and the flow passage cross sectional
area is reduced to two-thirds.
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[0096] Furthermore, the outlet heat transfer pipe 42A1
is disposed in the lowermost part (the sixth stage) of the
adjacent rows of the third intermediate heat transfer pipe
41B3 (row on the leeward side), and is connected to the
outlet side header 38, and the outlet heat transfer pipe
42A2 connected to the outlet pipe 37 (refrigerant dis-
charge pipe 17) is disposed at the position of the lower-
most part (the sixth stage) of the adjacent rows of this
outlet heat transfer pipe 42A1 (row on the windward side),
and is connected to the outlet side header 38 through
the U-shaped pipe 43. This outlet side header 38 allows
the refrigerants that circulate in the two refrigerant flow
passages 34D, 34E formed by the second intermediate
heat transfer pipes 41A2, 41B2 and the third intermediate
heat transfer pipes 41A3, 41B3 to merge and flow into
the single refrigerant flow passage 34F formed by the
outlet heat transfer pipes 42A1, 42A2. Herein, the
number of the refrigerant flow passages (the number of
circuits) is reduced from 2 to 1, and the flow passage
cross sectional area is further reduced to one-half.
[0097] The gas cooler 60 includes an upper heat ex-
change part 45 and a lower heat exchange part 46 formed
by division into two parts in the height direction (vertical
direction). The three refrigerant flow passages 34A, 34B,
34C on the inlet side are provided in the upper heat ex-
change part 45, and both the two refrigerant flow pas-
sages 34D, 34E at intermediate parts, and the single re-
frigerant flow passage 34F on the outlet side are provided
in the lower heat exchange part 46 through the interme-
diate header 44, so that the refrigerants sequentially cir-
culate from the upper heat exchange part 45 to the lower
heat exchange part 46.
[0098] In this embodiment, the heat transfer pipe group
33 is inserted into the plate fins 31 in two rows and six
stages, the inlet heat transfer pipes 40A, 40B, 40C of the
refrigerant flow passages 34A, 34B, 34C on the inlet side
are disposed at separated positions above the third in-
termediate heat transfer pipes 41A3, 41B3 and the outlet
heat transfer pipes 42A1, 42A2 on the refrigerant outlet
side, and disposed on the row of the leeward side, and
therefore it is possible to suppress the influence of heat
of air which heat-exchanges with the high temperature
refrigerants flowing through the inlet heat transfer pipes
40A, 40B, 40C, and suppress increase in the outlet tem-
peratures of the refrigerants.
[0099] Also in this embodiment, the number of the re-
frigerant flow passages of the refrigerant flow passages
34A, 34B, 34C on the inlet side, and the number of re-
frigerant flow passages (the number of circuits) of the
refrigerant flow passages 34D, 34E and the refrigerant
flow passage 34F continued to the downstream side of
the refrigerant flow passages 34A, 34B, 34C can be grad-
ually reduced in a manner of 3 → 2 → 1, and the flow
passage cross sectional area of an in-radiator refrigerant
flow passage can be gradually reduced from the inlet
side to the outlet side. Therefore, even when the cooling
of the refrigerants in the gas cooler 60 proceeds, and the
gas density (specific gravity) of the refrigerants is grad-

ually increased with this cooling, reduction in the flow
velocity of the refrigerants is prevented, and heat ex-
change efficiency is maintained, so that it is possible to
obtain high heat exchanging performance, and it is pos-
sible to enhance performance of the gas cooler 60.

{OTHER EMBODIMENTS (4), (5)}

[0100] FIG. 7 and FIG. 8 are schematic diagrams of
gas coolers according to other embodiments (4) and (5).
[0101] In these embodiments, the intermediate header
44 is omitted similarly to another embodiment (2) illus-
trated in FIG. 5, and a heat transfer pipe group 33 is
disposed in multiple rows and stages (two rows and six
stages in this embodiment) like another embodiment (3)
illustrated in FIG. 6.
[0102] In gas coolers 65, 70, configurations identical
with the configurations of the above gas coolers 19, 60
are denoted by the same reference numerals, and de-
scription thereof will be omitted. In the gas cooler 65, in
refrigerant flow passages 34A, 34B, 34C, first interme-
diate heat transfer pipes 41A1, 41B1, 41C1 and second
intermediate heat transfer pipes 41A2, 41B2, 41C2 are
connected to each other through connecting pipes 51A,
51B, 51C, respectively, as illustrated in FIG. 7. In this
configuration, the intermediate header 44 is unneces-
sary, and therefore it is possible to realize miniaturization
of the gas cooler 65.
[0103] As long as the inlet heat transfer pipes 40A,
40B, 40C are not adjacent to the outlet heat transfer pipes
42A, 42B, 42C, and the refrigerant flow passages 34A,
34B, 34C are formed so as to allow respective refriger-
ants to flow from the heat transfer pipes of the upper
stage to the heat transfer pipes of the lower stage, loca-
tion configuration of the heat transfer pipes can be ap-
propriately changed. For example, in the gas cooler 70,
as illustrated in FIG. 8, not all the inlet heat transfer pipes
40A, 40B, 40C is not provided in a row on a leeward side,
and the inlet heat transfer pipe 40B may be provided in
an uppermost stage of a row on a windward side. Simi-
larly, not all the outlet heat transfer pipes 42A, 42B, 42C
needs to be provided in the row on the windward side,
and the outlet heat transfer pipe 42B may be provided in
a lowermost stage of the row on the leeward side.
[0104] In the gas cooler 70 according to this modifica-
tion, similarly to the above gas cooler 65, first intermedi-
ate heat transfer pipes 41A1, 41B1, 41C1 and second
intermediate heat transfer pipes 41A2, 41B2, 41C2 are
connected to each other through connecting pipes 52A,
52B, 52C, respectively, without providing the intermedi-
ate header 44. Also in this configuration, the intermediate
header 44 may be provided in place of the connecting
pipes 52A, 52B, 52C.
[0105] Furthermore, in the gas coolers 65, 70, it goes
without saying that the respective flow passage diame-
ters (inner diameters) of the inlet heat transfer pipes 40A,
40B, 40C, the first intermediate heat transfer pipes 41A1,
41B1, 41C1, the second intermediate heat transfer pipes
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41A2, 41B2, 42C2, and the outlet heat transfer pipes
42A, 42B, 42C, respectively satisfy the relation of inlet
heat transfer pipe > first intermediate heat transfer pipe
> second intermediate heat transfer pipe > outlet heat
transfer pipe such that the flow passage cross sectional
area of the refrigerant flow passages 34A, 34B, 34C is
gradually reduced from the refrigerant inlet side to the
outlet side. Therefore, even when the cooling of the re-
frigerants in the gas coolers 65, 70 proceeds, and the
gas density (specific gravity) of the refrigerants is grad-
ually increased with this cooling, reduction in the flow
velocity of the refrigerants is prevented, and heat ex-
change efficiency is maintained, so that it is possible to
obtain high heat exchanging performance, similarly to
the above embodiments.
[0106] In the above embodiments, the flow passage
cross sectional area of the refrigerant flow passages 34A
to 34F is gradually reduced from the inlet side to the outlet
side, and therefore a plurality of examples, in which the
number of circuits of the refrigerant flow passages is
gradually reduced, and a plurality of examples, in which
the flow passage diameters (inner diameters) of the heat
transfer pipes are gradually reduced, are exemplified.
However, it is of course that the flow passage diameters
(inner diameters) of the heat transfer pipes may be grad-
ually reduced at the same time when the number of cir-
cuits is gradually reduced.

REFERENCE SIGNS LIST

[0107]

10 Supercritical pressure refrigeration cycle
15 Refrigerant circuit
16 Compressor
19, 50, 60, 65, 70 Gas cooler (radiator)
20 Expansion valve (decompression device)
28 Vaporizer (load side heat exchanger)
31 Plate fin
33 Heat transfer pipe group
34A, 34B, 34C, 34D, 34E, 34F Refrigerant flow pas-
sage
36 Inlet header
38 Outlet side header
40A, 40B, 40C Inlet heat transfer pipe
41A1, 41B1, 41C1 First intermediate heat transfer
pipe (intermediate heat transfer pipe)
41A2, 41B2, 41C2 Second intermediate heat trans-
fer pipe (intermediate heat transfer pipe)
41A3, 41B3 Third intermediate heat transfer pipe (in-
termediate heat transfer pipe)
42A1, 42A2, 42A, 42B, 42C Outlet heat transfer pipe
44 Intermediate header
45 Upper heat exchange part (heat exchange part)
46 Lower heat exchange part (heat exchange part)

Claims

1. A radiator for radiating heat of a refrigerant that is
pressurized to supercritical pressure, the radiator
comprising:

Multiple plate fins (31) extending in a vertical
direction and disposed at a predetermined pitch;
and
a plurality of refrigerant flow passages (34A,
34B, 34C, 34D, 34E, 34F) formed in parallel by
multiple heat transfer pipe groups (33) inserted
into the plate fins (31) in multiple stages, wherein
the plurality of refrigerant flow passages (34A,
34B, 34C, 34D, 34E, 34F) each include an inlet
heat transfer pipe (40A, 40B, 40C) provided in
upper parts of the plate fins (31), an outlet heat
transfer pipe (42A1, 42A2, 42A, 42B, 42C) pro-
vided in lower parts of the plate fins (31), and an
intermediate heat transfer pipe (41A1, 41B1,
41C1, 41A2, 41B2, 41C2, 41A3, 41B3) provided
between the inlet heat transfer pipe (40A, 40B,
40C) and the outlet heat transfer pipe (42A1,
42A2, 42A, 42B, 42C), and
a flow passage cross sectional area of the re-
frigerant flow passages (34A, 34B, 34C, 34D,
34E, 34F) is gradually reduced from the inlet
heat transfer pipes (40A, 40B, 40C) to the outlet
heat transfer pipes (42A1, 42A2, 42A, 42B,
42C).

2. The radiator according to claim 1, wherein
the flow passage cross sectional area of the refrig-
erant flow passages (34A, 34B, 34C, 34D, 34E, 34F)
is reduced by gradual reduction in the number of
circuits of the inlet heat transfer pipes (40A, 40B,
40C), the intermediate heat transfer pipes (41A1,
41B1, 41C1, 41A2, 41B2, 41C2, 41A3, 41B3) and
the outlet heat transfer pipes (42A1, 42A2, 42A, 42B,
42C).

3. The radiator according to claim 1, wherein
the flow passage cross sectional area of the refrig-
erant flow passages (34A, 34B, 34C, 34D, 34E, 34F)
is reduced by gradual reduction in flow passage di-
ameters of the inlet heat transfer pipes (40A, 40B,
40C), the intermediate heat transfer pipes (41A1,
41B1, 41C1, 41A2, 41B2, 41C2, 41A3, 41B3), and
the outlet heat transfer pipes (42A1, 42A2, 42A, 42B,
42C).

4. The radiator according to any of claims 1 to 3, where-
in
each of the refrigerant flow passages (34A, 34B,
34C, 34D, 34E, 34F) is formed such that the refrig-
erant circulates from the inlet heat transfer pipe (40A,
40B, 40C) of an upper stage to the outlet heat trans-
fer pipe of a lower stage (42A1, 42A2, 42A, 42B,
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42C).

5. The radiator according to any of claims 1 to 4, further
comprising a plurality of heat exchange parts (45,
46) divided up and down, wherein
each of the refrigerant flow passages (34A, 34B,
34C, 34D, 34E, 34F) is formed such that the refrig-
erant flows from the upper heat exchange part (45)
to the lower heat exchange part(46).

6. The radiator according to any of claims 1 to 5, where-
in
each of the refrigerant flow passages (34A, 34B,
34C, 34D, 34E, 34F) includes a first intermediate
heat transfer pipe (41A1, 41B1, 41C1) continued to
the inlet heat transfer pipe (40A, 40B, 40C), and a
second intermediate heat transfer pipe (41A2, 41B2,
41C2) or a third intermediate heat transfer pipe
(41A3, 41B3) continued to the outlet heat transfer
pipe (42A1, 42A2, 42A, 42B, 42C), and includes an
intermediate header (44) connected to all the first
intermediate heat transfer pipes (41A1, 41B1,
41C1), the second intermediate heat transfer pipes
(41A2, 41B2, 41C2) or the third intermediate heat
transfer pipes (41A3, 41B3) of the refrigerant flow
passages (34A, 34B, 34C, 34D, 34E, 34F).

7. The radiator according to any of claims 1 to 6, where-
in
the heat transfer pipe group (33) is inserted into the
plate fins (31) in multiple rows and stages, and the
inlet heat transfer pipes (40A, 40B, 40C) are dis-
posed in a row on a leeward side with respect to the
outlet heat transfer pipes (42A1, 42A2, 42A, 42B,
42C).

8. A supercritical pressure refrigeration cycle compris-
ing:

the radiator according to any of claims 1 to 7; and
a closed-cycle refrigerant circuit (15) connecting
a compressor (16) for pressurizing a refrigerant
to supercritical pressure, a decompression de-
vice (20), and a load side heat exchanger by
piping.
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