
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

00
2 

53
7

A
1

TEPZZ¥ZZ 5¥7A_T
(11) EP 3 002 537 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
06.04.2016 Bulletin 2016/14

(21) Application number: 15186759.5

(22) Date of filing: 24.09.2015

(51) Int Cl.:
F28D 1/047 (2006.01) F28F 1/32 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA

(30) Priority: 29.09.2014 JP 2014198882

(71) Applicant: MITSUBISHI HEAVY INDUSTRIES, LTD.
Tokyo 108-8215 (JP)

(72) Inventors:  
• TAKEDA, Takeshi

TOKYO, 108-8215 (JP)
• MURAKAMI, Kenichi

TOKYO, 108-8215 (JP)
• SATO, Hitonobu

AICHI, 453-0862 (JP)

(74) Representative: Intès, Didier Gérard André et al
Cabinet Beau de Loménie 
158, rue de l’Université
75340 Paris Cedex 07 (FR)

(54) RADIATOR AND REFRIGERATING CYCLE DEVICE

(57) A gas cooler (19) which radiates heat of refrig-
erant boosted up to supercritical pressure includes: a plu-
rality of fin plates (30) vertically extending and arranged
at a predetermined interval; and a plurality of refrigerant
channels (34A, 34B, 34C) formed in parallel by heat
transfer tube bundles (33) inserted into the fin plates (30)
in multiple stages. The refrigerant channels (34A, 34B,
34C) respectively include inlet heat transfer tubes (40A,

40B, 40C) disposed at an upper portion of the fin plates
(30), outlet heat transfer tubes (42A, 42B, 42C) disposed
at a lower portion of the fin plates (30), and first interme-
diate heat transfer tubes (41A1, 41B1, 41C1) and second
intermediate heat transfer tubes (41A2, 41B2, 41C2) dis-
posed between the inlet heat transfer tubes (40A, 40B,
40C) and the outlet heat transfer tubes (42A, 42B, 42C).
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Description

Field

[0001] The present invention relates to a radiator which cools refrigerant boosted up to supercritical pressure by
radiating heat thereof, and a refrigerating cycle device including the radiator.

Background

[0002] Generally, there is a known refrigerating cycle device including a compressor which boosts refrigerant up to
supercritical pressure by using CO2(carbon dioxide) as the refrigerant, and a radiator which cools the refrigerant dis-
charged from the compressor by radiating heat thereof (refer to Patent Literature 1, for example). In this type of refrigerating
cycle device, a fin-and-tube heat exchanger is used as a radiator so as to improve efficiency in heat exchange. The fin-
and-tube heat exchanger includes a plurality fin plates arranged at a predetermined interval, and a plurality of heat
transfer tubes which is inserted into the fin plates and allows the refrigerant to flow inside thereof. Further, according to
the fin-and-tube heat exchanger in the related arts, there is a known technology in which a plurality of refrigerant channels
formed in parallel is provided to improve cooling (heating) performance (refer to Patent Literature 2).

Citation List

Patent Literature

[0003]

Patent Literature 1: Japanese Laid-open Patent Publication No. 2007-232365
Patent Literature 2: Japanese Laid-open Patent Publication No. 7-208822

Summary

Technical Problem

[0004] Meanwhile, according to a configuration in which refrigerant is boosted up to supercritical pressure, the refrig-
erant is cooled by the radiator but not condensed, and the refrigerant circulates in the radiator as gas refrigerant that
performs sensible heat change. In order to improve a coefficient of performance (COP) of a refrigerating cycle, a refrigerant
outlet temperature is preferably lower in each of refrigerant channels of the radiator.
[0005] However, according to the configuration in the related art, an outlet heat transfer tube of a refrigerant channel
is disposed adjacent to an inlet heat transfer tube of own or other refrigerant channel. Therefore, there is a risk that the
refrigerant outlet temperature may be increased by high-temperature refrigerant flowing in the inlet heat transfer tube.
[0006] The present invention is made in view of the above-described situation, and is directed to providing a radiator
and a refrigerating cycle device, in which increase of a refrigerant outlet temperature at a refrigerant channel is suppressed.

Solution to Problem

[0007] According to an aspect of the present invention, a radiator which radiates heat of refrigerant boosted up to
supercritical pressure, comprises: a plurality of fin plates extending in a vertical direction and arranged at a predetermined
interval; and a plurality of refrigerant channels formed in parallel by a heat transfer tube bundle inserted into the fin plates
in multiple stages. Each of the plurality of refrigerant channels includes an inlet heat transfer tube disposed at an upper
portion of the fin plates, an outlet heat transfer tube disposed at a lower portion of the fin plates, and an intermediate
heat transfer tube disposed between the inlet heat transfer tube and the outlet heat transfer tube.
[0008] According to this configuration, each of the plurality of refrigerant channels includes the inlet heat transfer tube
on upper portion side of the fin plates and also includes the outlet heat transfer tube on the lower portion side of the fin
plates. Therefore, the outlet heat transfer tube of a refrigerant channel can be disposed apart from the inlet heat transfer
tube of own or other refrigerant channel. Further, since the intermediate heat transfer tube is disposed between the inlet
heat transfer tube and the outlet heat transfer tube, the inlet heat transfer tube is prevented from being disposed adjacent
to the outlet heat transfer tube. Therefore, the refrigerant outlet temperature is suppressed from being increased by
high-temperature refrigerant flowing in the inlet heat transfer tube, thereby achieving to improve a coefficient of perform-
ance in the refrigerating cycle.
[0009] Advantageously, in the radiator, the refrigerant flows from an upper-stage heat transfer tube to a lower-stage
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heat transfer tube in each of the refrigerant channels. The refrigerant boosted up to the supercritical pressures is not
condensed at the time of passing the radiator, but density (specific gravity) of the refrigerant gas is increased due to
cooling. Therefore, circulation of the refrigerant is accelerated by the gravity by configuring the refrigerant channel such
that the refrigerant flows from an upper-stage heat transfer tube to a lower-stage heat transfer tube. As a result, heat
exchange efficiency can be improved.
[0010] Advantageously, the radiator further includes a plurality of heat exchange units, the radiator being vertically
divided. The refrigerant sequentially flows from an upper heat exchange unit to a lower heat exchange unit in each of
the refrigerant channels. With this configuration, temperature unevenness inside the radiator can be suppressed because
a temperature gradient in which the temperature is decreased from the upper heat exchange unit to the lower heat
exchange unit is formed.
[0011] Advantageously, in the radiator, each of the refrigerant channels includes a first intermediate heat transfer tube
connected to the inlet heat transfer tube, a second intermediate heat transfer tube connected to the outlet heat transfer
tube, and an intermediate header connected to all of the first intermediate heat transfer tubes and the second intermediate
heat transfer tubes of the respective refrigerant channels. With this configuration, the refrigerant can be properly distrib-
uted even in the case where the refrigerant is not properly distributed in the inlet heat transfer tubes of the refrigerant
channels because the refrigerant is once gathered at the intermediate header and then distributed again to respective
refrigerant channels.
[0012] Advantageously, in the radiator, the heat transfer tube bundle is inserted into the fin plates in multiple lines and
multiple stages, and the inlet heat transfer tube is disposed in a line more leeward than the outlet heat transfer tube.
With this configuration, influence of the heat held by the air can be suppressed when the heat is exchanged with the
refrigerant, and also increase of the refrigerant outlet temperature can be suppressed. Also, advantageously, in the
radiator, the refrigerant is carbon dioxide refrigerant.
[0013] According to another aspect of the present invention, a refrigerating cycle device comprising a refrigerant circuit
in which any one of the above radiator, a compressor configured to boost refrigerant up to supercritical pressure, a
decompressor, and a load-side heat exchanger are connected via pipe. With this configuration, increase of the refrigerant
outlet temperature of the radiator can be suppressed, thereby achieving to provide the refrigerating cycle device having
an improved coefficient of performance in the refrigerating cycle.

Advantageous Effects of Invention

[0014] According to the present invention, each of a plurality of refrigerant channels includes the inlet heat transfer
tube on an upper portion side of the fin plates and also includes the outlet heat transfer tube on a lower portion side of
the fin plates. Therefore, the outlet heat transfer tube of a refrigerant channel can be disposed apart from the inlet heat
transfer tube of own or other refrigerant channel. Further, since the intermediate heat transfer tube is disposed between
the inlet heat transfer tube and the outlet heat transfer tube, the inlet heat transfer tube is prevented from being disposed
adjacent to the outlet heat transfer tube. Therefore, the refrigerant outlet temperature is suppressed from being increased
by high-temperature refrigerant flowing in the inlet heat transfer tube, thereby achieving to improve a coefficient of
performance in the refrigerating cycle.

Brief Description of Drawings

[0015]

FIG. 1 is a circuit configuration diagram of a refrigerating cycle device according to a present embodiment.
FIG. 2 is a Mollier chart illustrating a refrigerating cycle of refrigerant boosted to supercritical pressure.
FIG. 3 is a schematic diagram illustrating a radiator according to the present embodiment.
FIG. 4 is a schematic diagram illustrating a radiator according to a modified example.
FIG. 5 is a schematic diagram illustrating a radiator according to a different embodiment.
FIG. 6 is a schematic diagram illustrating a radiator according to a modified example.
FIG. 7 is a schematic diagram illustrating a radiator according to a different modified example.

Description of Embodiments

[0016] Embodiments according to the present invention will be described below with reference to the drawings. Note
that the present invention is not limited to the following embodiments. Further, components in the following embodiments
include the components which can be replaced and easily achieved by a person skilled in the art or which are substantially
equivalent.
[0017] FIG. 1 is a circuit configuration diagram of a refrigerating cycle device according to the present embodiment.
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A refrigerating cycle device 10 includes a refrigerator unit 11 and a load unit 12 as illustrated in FIG. 1, and a refrigerant
circuit 15 which performs refrigerating cycle operation is formed by connecting these refrigerator unit 11 and load unit
12 by a liquid refrigerant pipe 13 and a gas refrigerant pipe 14. Carbon dioxide (CO2) refrigerant is used in the refrigerant
circuit 15, and a high pressure side of the refrigerant becomes supercritical pressure. The carbon dioxide refrigerant is
useful refrigerant because of having advantages such as a low load to environment, being safe without toxicity and
combustibility, and a low price. Needless to mention, other refrigerant can be also used under the condition that the high
pressure side thereof becomes the supercritical pressure.
[0018] The refrigerator unit 11 includes a compressor 16 to compress the refrigerant, and an oil separator 18, a gas
cooler (radiator) 19, and an expansion valve (decompressor) 20 are sequentially connected via a refrigerant discharge
pipe 17 on a discharge side of the compressor 16. An outlet side of the expansion valve 20 is connected to a refrigerator-
side liquid refrigerant pipe 30 where the refrigerant liquefied is circulated, and this refrigerator-side liquid refrigerant pipe
30 is connected to the above-described liquid refrigerant pipe 13. Further, a suction side of the compressor 16 is connected
to a refrigerant suction pipe 21, and the refrigerant suction pipe 21 is connected to the above-described gas refrigerant
pipe 14 via an accumulator (not illustrated).
[0019] The compressor 16 includes a compressing element 23 inside a case 22. The compressing element 23 is, for
example, a compressing element provided with a low-stage compressing element and a high-stage compressing element
and capable of performing two-stage compression. The compressing element 23 compresses low-pressure gas refrig-
erant suctioned via the refrigerant suction pipe 21 and discharges, to the refrigerant discharge pipe 17, high-pressure
gas refrigerant boosted up to the supercritical pressure. The compressing element 23 is driven by a motor (not illustrated),
and can adjust a rotary speed of the compressing element 23 by changing an operational frequency of the motor. Further,
inside the case 22, oil to lubricate respective portions (bearing portions and sliding portions) of the compressing element
23 is stored, and further a sensor 29 to detect an oil amount inside the case 22 is provided.
[0020] The oil separator 18 separates, from the refrigerant, oil contained in the high-pressure (supercritical pressure)
gas refrigerant discharged from the compressor 16, and then captures the oil. The oil separator 18 includes an oil return
tube 24 to return the captured oil to the case 22 of the compressor 16, and the oil return tube 24 is connected to the
refrigerant suction pipe 21 via a solenoid valve 25 and a capillary tube (throttle) 26. In the present embodiment, the
solenoid valve 25 is opened and closed based on a signal of the above-described sensor 29 that detects the oil amount.
[0021] A gas cooler 19 performs heat exchange between air and the high-temperature high-pressure (supercritical
pressure) gas refrigerant discharged from the compressor 16, and cools the gas refrigerant by radiating heat thereof.
The gas cooler 19 is formed of a fin-and-tube heat exchanger, and a blower fan (not illustrated) to send air to the gas
cooler 19 is disposed beside the gas cooler 19 while the details will be described later. The expansion valve 20 decom-
presses (expands) and liquefies the cooled gas refrigerant.
[0022] On the other hand, the load unit 12 includes a load-side pipe 27 which connects the above-described the liquid
refrigerant pipe 13 to gas refrigerant pipe 14, and an evaporator (load-side heat exchanger) 28 disposed at the load-
side pipe 27. The load unit 12 cools a target object by evaporating liquid refrigerant supplied via the liquid refrigerant
pipe 13 by using an evaporator 28, and is used as a low-temperature freezer, a showcase, and so on. The evaporator
28 is formed of the fin-and-tube heat exchanger same as the gas cooler 19, and the blower fan (not illustrated) to send
the air to the evaporator 28 is disposed beside the evaporator 28. In the evaporator 28, the air is cooled by removing
heat from the blown air, and then evaporating the liquid refrigerant. The low-temperature low-pressure gas refrigerant
evaporated by the evaporator 28 is suctioned to the compressor 16 via the gas refrigerant pipe 14, accumulator, and
refrigerant suction pipe 21, and is compressed again by the compressor 16. Meanwhile, according to the present em-
bodiment, the load unit 12 having the configuration provided with one evaporator 28 has been described, but it may also
have a configuration provided with a plurality of evaporators 28 arranged in parallel. In this case, an expansion valve
20 is preferably provided at an inlet side (liquid refrigerant pipe 13 side) of each of the evaporators 28 in each of the
load-side pipes 27.
[0023] By the way, according to the refrigerating cycle device 10 of the present embodiment, the refrigerant is boosted
up to the supercritical pressure. Therefore, the refrigerant is not condensed even though cooled by the gas cooler 19,
and circulates as the gas refrigerant in the gas cooler 19 that performs sensible heat change. FIG. 2 is a Mollier chart
illustrating the refrigerating cycle of the refrigerant boosted to the supercritical pressure. In FIG. 2, point A indicates a
pressure and an enthalpy of the refrigerant on the suction side of the compressor 16. In the same manner, point B
indicates a pressure and an enthalpy of the refrigerant on an inlet side of the gas cooler 19, point C indicates the same
on an outlet side of the gas cooler 19, and point D indicates the same on the inlet side of the evaporator 28. Further,
dashed lines in FIG. 2 respectively indicate isotherms.
[0024] As described above, sensible heat change is performed by cooling in the gas cooler 19. In this case, assuming
that an enthalpy amount from 120°C to 100°C, an enthalpy amount from 100°C to 80°C, an enthalpy amount from 80°C
to 60°C, and an enthalpy amount from 60°C to approximately 35°C are defined as a, b, c, d respectively as illustrated
in FIG. 2, the enthalpy amounts become a < b < c <d, particularly, the enthalpy amount d from 60°C to approximately
35°C is larger than those of other temperature zones. Therefore, when the refrigerant outlet temperature at the gas
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cooler 19 is more cooled to a lower temperature, a refrigerating effect can be increased by a corresponding amount,
and a coefficient of performance (COP) can be improved. In the following, a configuration of the gas cooler 19 which
can cool the refrigerant outlet temperature to a lower temperature will be described.
[0025] FIG. 3 is a schematic diagram illustrating a gas cooler according to the present embodiment. The gas cooler
19 includes, as illustrated in FIG. 3, a plurality of fin plates 30 extending in a vertical direction, arranged apart from one
another substantially in parallel, and a heat transfer tube bundle 33 formed of a plurality of heat transfer tubes passing
through the fin plates 30. The air flows in a direction orthogonal to the drawing sheet. According to the present embodiment,
the heat transfer tube bundles 33 are arranged in a single line and multiple stages (12 stages in the present embodiment)
in a vertical direction of the fin plates 30, and a plurality (three in the present embodiment) of refrigerant channels 34A,
34B, 34C is formed in parallel by the heat transfer tube bundles 33. By forming the plurality of refrigerant channels, a
flow amount in each of the refrigerant channel is reduced by the refrigerant being distributed to each of the refrigerant
channels, and also pressure loss of the refrigerant at the gas cooler 19 is reduced because a channel length of the
refrigerant channel is shortened, thereby achieving to improve the coefficient of performance.
[0026] The gas cooler 19 includes an inlet header 36 connected to an inlet pipe 35 (refrigerant discharge pipe 17)
passing the oil separator 18, and an outlet header 38 connected to an outlet pipe 37 (refrigerant discharge pipe 17)
extending to the expansion valve 20, and the three refrigerant channels 34A, 34B, 34C are formed between the inlet
header 36 and the outlet header 38. Each of the refrigerant channels 34A, 34B, 34C is formed by connecting four heat
transfer tubes, and the refrigerant flows from the upper side to the lower side of the gas cooler 19 in a height direction
(vertical direction).
[0027] The refrigerant channels 34A, 34B, 34C include the inlet heat transfer tubes 40A, 40B, 40C respectively con-
nected to the inlet header 36. These inlet heat transfer tubes 40A, 40B, 40C are disposed at an upper portion (1st, 3rd,
5th stages) of the fin plates 30. Further, the refrigerant channels 34A, 34B, 34C include the outlet heat transfer tubes
42A, 42B, 42C respectively connected to the outlet header 38. The outlet heat transfer tubes 42A, 42B, 42C are disposed
at a lower portion (8th, 10th, 12th stages) of the fin plates 30.
[0028] The refrigerant channel 34A includes a first intermediate heat transfer tube 41A1 connected to the inlet heat
transfer tube 40A via a U-shape tube 43, and a second intermediate heat transfer tube 41A2 connected to the outlet
heat transfer tube 42A via a U-shape tube 43. The first intermediate heat transfer tube 41A1 is disposed at a position
one stage lower than the inlet heat transfer tube 40A, and the second intermediate heat transfer tube 41A2 is disposed
at a position one stage above the outlet heat transfer tube 42A. Further, the first intermediate heat transfer tube 41A1
and the second intermediate heat transfer tube 41A2 are connected by an intermediate header 44. With this configuration,
the refrigerant flows in the refrigerant channel 34A from an upper-stage heat transfer tube to a lower-stage heat transfer
tube in the order of the inlet heat transfer tube 40A, first intermediate heat transfer tube 41A1, second intermediate heat
transfer tube 41A2, and outlet heat transfer tube 42A.
[0029] In the same manner, the refrigerant channel 34B includes a first intermediate heat transfer tube 41B1 connected
to the inlet heat transfer tube 40B via a U-shape tube 43, and a second intermediate heat transfer tube 41B2 connected
to the outlet heat transfer tube 42B via a U-shape tube 43. The first intermediate heat transfer tube 41B1 is disposed at
a position one stage lower than the inlet heat transfer tube 40B, and the second intermediate heat transfer tube 41B2
is disposed at a position one stage above the outlet heat transfer tube 42B. Further, the first intermediate heat transfer
tube 41B1 and second intermediate heat transfer tube 41B2 are connected by the above-described intermediate header
44. With this configuration, the refrigerant flows in the refrigerant channel 34B from an upper-stage heat transfer tube
to a lower-stage heat transfer tube in the order of the inlet heat transfer tube 40B, first intermediate heat transfer tube
41B1, second intermediate heat transfer tube 41B2, and outlet heat transfer tube 42B. Also, the refrigerant channel 34C
includes a first intermediate heat transfer tube 41C1 connected to the inlet heat transfer tube 40C via a U-shape tube
43, and a second intermediate heat transfer tube 41C2 connected to the outlet heat transfer tube 42C via a U-shape
tube 43. The first intermediate heat transfer tube 41C1 is disposed at a position one stage lower than the inlet heat
transfer tube 40C, and the second intermediate heat transfer tube 41C2 is disposed at a position one stage above the
outlet heat transfer tube 42C. Further, the first intermediate heat transfer tube 41C1 and the second intermediate heat
transfer tube 41C2 are connected by the above-described intermediate header 44. With this configuration, the refrigerant
flows in the refrigerant channel 34C from an upper-stage heat transfer tube to a lower-stage heat transfer tube in the
order of the inlet heat transfer tube 40C, first intermediate heat transfer tube 41C1, second intermediate heat transfer
tube 41C2, and outlet heat transfer tube 42C.
[0030] Further, the gas cooler 19 includes an upper heat exchange unit 45 and a lower heat exchange unit 46 which
are plural sections (two sections in the present embodiment) divided in a height direction (vertical direction). The refrigerant
channels 34A, 34B, 34C are respectively formed so as to perform sequential circulation from the upper heat exchange
unit 45 to the lower heat exchange unit 46. More specifically, the refrigerant channel 34A has the inlet heat transfer tube
40A and the first intermediate heat transfer tube 41A1 disposed on the upper heat exchange unit 45, and has the second
intermediate heat transfer tube 41A2 and the outlet heat transfer tube 42A disposed on the lower heat exchange unit
46 via the intermediate header 44. In the same manner, the refrigerant channel 34B has the inlet heat transfer tube 40B
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and the first intermediate heat transfer tube 41B1 disposed on the upper heat exchange unit 45, and has the second
intermediate heat transfer tube 41B2 and the outlet heat transfer tube 42B disposed on the lower heat exchange unit
46. Further, the refrigerant channel 34C has the inlet heat transfer tube 40C and the first intermediate heat transfer tube
41C1 disposed on the upper heat exchange unit 45, and has the second intermediate heat transfer tube 41C2 and the
outlet heat transfer tube 42C disposed on the lower heat exchange unit 46.
[0031] Thus, according to the present configuration, the refrigerant channels 34A, 34B, 34C respectively include the
inlet heat transfer tubes 40A, 40B, 40C disposed on the upper portion side of the fin plates 30, and also include the
outlet heat transfer tubes 42A, 42B, 42C disposed on the lower portion side of the fin plates 30. Therefore, the refrigerant
channels 42A, 42B, 42C of the respective refrigerant channels 34A, 34B, 34C can be disposed apart from the inlet heat
transfer tubes 40A, 40B, 40C of own or other refrigerant channels 34A, 34B, 34C. Further, the refrigerant channels 34A,
34B, 34C respectively include the first intermediate heat transfer tubes (intermediate heat transfer tubes) 41A1, 41B1,
41C1 and the second intermediate heat transfer tubes (intermediate heat transfer tubes) 41A2, 41B2, 41C2 between
the inlet heat transfer tubes 40A, 40B, 40C and the outlet heat transfer tubes 42A, 42B, 42C. Therefore, the inlet heat
transfer tubes 40A, 40B, 40C and the outlet heat transfer tubes 42A, 42B, 42C are not disposed adjacent to each other.
Therefore, the refrigerant outlet temperature is suppressed from being increased by the high-temperature refrigerant
(e.g., 100 to 120°C) flowing in the inlet heat transfer tubes 40A, 40B, 40C. Therefore, the coefficient of performance in
the refrigerating cycle can be improved.
[0032] Further, in the respective refrigerant channels 34A, 34B, 34C, the refrigerant flows from an upper-stage heat
transfer tube to a lower-stage heat transfer tube in the order of the inlet heat transfer tubes 40A, 40B, 40C, first intermediate
heat transfer tubes 41A1, 41B1, 41C1, second intermediate heat transfer tubes 41A2, 41B2, 41C2, and outlet heat
transfer tubes 42A, 42B, 42C. The refrigerant boosted up to the supercritical pressure is not condensed at the gas cooler
19, but density (specific gravity) of the refrigerant gas is increased due to cooling. Therefore, circulation of the refrigerant
is accelerated by gravity by forming the refrigerant channels 34A, 34B, 34C such that the refrigerant flows from an upper-
stage heat transfer tube to a lower-stage heat transfer tube. As a result, heat exchange efficiency can be improved.
[0033] Further, in the refrigerant channels 34A, 34B, 34C, the refrigerant is gradually cooled from an upper-stage heat
transfer tube to a lower-stage heat transfer tube. Therefore, a temperature difference of the refrigerant flowing in adjacent
heat transfer tubes can be set at a predetermined temperature or less, and heat transfer between the adjacent heat
transfer tubes can be suppressed. Referring to the Mollier chart in FIG. 2, a temperature difference between an outlet
and an inlet of the gas cooler 19 is 85°C in the present embodiment. Therefore, the temperature difference of the
refrigerant flowing in the adjacent heat transfer tubes can be reduced to approximately 20°C to 25°C. Further, since the
temperature difference between the outlet and the inlet of the gas cooler 19 is normally about 60°C, the temperature
difference of the refrigerant between the adjacent heat transfer tubes can be reduced to about 15°C in this case.
[0034] Further, the gas cooler 19 includes the vertically divided sections which are the upper heat exchange unit 45
and the lower heat exchange unit 46, and the refrigerant channels 34A, 34B, 34C each have the configuration in which
the refrigerant sequentially flows from the upper heat exchange unit 45 to the lower heat exchange unit 46. Therefore,
a temperature gradient in which the temperature is decreased from the upper heat exchange unit 45 to the lower heat
exchange unit 46. As a result, temperature unevenness in the gas cooler 19 can be reduced.
[0035] Further, the refrigerant channels 34A, 34B, 34C include the first intermediate heat transfer tubes 41A1, 41B1,
41C1 respectively connected to the inlet heat transfer tubes 40A, 40B, 40C, and the second intermediate heat transfer
tubes 41A2, 41B2, 41C2 respectively connected to the outlet heat transfer tubes 42A, 42B, 42C, and include the inter-
mediate header 44 to which all of the first intermediate heat transfer tubes 41A1, 41B1, 41C1 and the second intermediate
heat transfer tubes 41A2, 41B2, 41C2 of the respective refrigerant channels 34A, 34B, 34C are connected. Therefore,
even in the case where the refrigerant is not properly distributed in the inlet heat transfer tubes 40A, 40B, 40C of the
refrigerant channels 34A, 34B, 34C, proper distribution can be achieved because the refrigerant is once gathered at the
intermediate header 44 and then distributed again to the respective refrigerant channels 34A, 34B, 34C. Therefore,
sufficient heat exchange can be performed in the gas cooler 19.
[0036] Next, a modified example of the present embodiment will be described. FIG. 4 is a diagram illustrating a gas
cooler according to the modified example. In this gas cooler 50, components same as the above-described gas cooler
19 will be denoted by the same reference signs, and the description therefor will be omitted. In the gas cooler 50, the
refrigerant channels 34A, 34B, 34C have the first intermediate heat transfer tubes 41A1, 41B1, 41C1 and the second
intermediate heat transfer tubes 41A2, 41B2, 41C2 respectively connected via connection tubes 47A, 47B, 47C. With
this configuration, the gas cooler 50 can be downsized because the intermediate header 44 is not needed.
[0037] According to the above-described embodiment, the refrigerant channels 34A, 34B, 34C are respectively con-
figured to include two heat transfer tubes respectively from the first intermediate heat transfer tubes 41A1, 41B1, 41C1
and the second intermediate heat transfer tubes 41A2, 41B2, 41C2 as the intermediate heat transfer tubes. However,
the number of the intermediate heat transfer tubes may be suitably changed depending on a refrigerant flow rate and a
size of the fin plate 30. At least one intermediate heat transfer tube is to be provided, and the refrigerant channel may
have a minimum configuration in which three heat transfer tubes including the inlet heat transfer tube, intermediate heat
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transfer tube, and outlet heat transfer tube are provided such that the refrigerant flows one and half round. In this
configuration, the outlet of the refrigerant is positioned on an opposite side of the inlet of the refrigerant in an extending
direction of the heat transfer tube. In the case of thus configuring the refrigerant channel with three paths, a temperature
difference between the refrigerant flowing in the heat transfer tubes adjacent to each other can be reduced to about
25°C to 30°C because the temperature difference between the outlet and the inlet of the gas cooler 19 is 85°C (FIG. 2).
In this configuration, there may be a case in which a temperature difference between the refrigerant flowing in the heat
transfer tubes adjacent to each other sometimes becomes about 30°C, compared to a case of forming the above-
described refrigerant channel with four heat transfer tubes (four paths). Further, since the temperature difference between
the outlet and the inlet of the gas cooler 19 is normally about 60°C, the temperature difference between the refrigerant
flowing in the heat transfer tubes adjacent to each other can be reduced to about 20°C.
[0038] Further, according to the above-described embodiment, an interval (pitch) between the heat transfer tubes is
set equal, but for example, an interval between the upper heat exchange unit 45 and the lower heat exchange unit 46
and an interval between the first intermediate heat transfer tube 41C1 of the refrigerant channel 34C and the second
intermediate heat transfer tube 41A2 of the refrigerant channel 34A may be formed wider by an interval of one heat
transfer tube. With this configuration, heat transfer between the upper heat exchange unit 45 and the lower heat exchange
unit 46 is reduced, thereby achieving to suppress increase of the refrigerant outlet temperature.
[0039] Next, a gas cooler according to a different embodiment will be described. FIG. 5 is a schematic diagram
illustrating the gas cooler according to the different embodiment. In an embodiment described above, gas coolers 19,
50 have a configuration in which a heat transfer tube bundle 33 formed in a single line is provided, but the present
embodiment is different in that heat transfer tube bundles 33 formed in multiple lines are provided. A description of
components same as the above-described gas cooler 19 will be omitted by denoting the components by the same
reference signs.
[0040] A gas cooler 60 includes heat transfer tube bundles 33 formed of heat transfer tubes arranged in multiple lines
and multiple stages (two lines and six stages in the present embodiment). The heat transfer tube bundles 33 in the
respective lines are formed to have different height positions, and a heat transfer tube positioned on a leeward-side line
is placed slightly higher than a heat transfer tube positioned on a windward-side line. Further, the gas cooler 60 includes
three refrigerant channels 34A, 34B, 34C formed in parallel by the heat transfer tube bundles 33.
[0041] The refrigerant channels 34A, 34B, 34C include inlet heat transfer tubes 40A, 40B, 40C respectively connected
to an inlet header 36. The inlet heat transfer tubes 40A, 40B, 40C are disposed on the leeward-side line at an upper
portion (1st, 2nd, 3rd stages) of fin plates 30 Further, the refrigerant channels 34A, 34B, 34C include outlet heat transfer
tubes 42A, 42B, 42C respectively connected to an outlet header 38. These outlet heat transfer tubes 42A, 42B, 42C are
disposed on the windward-side line at a lower portion (4th, 5th, 6th stages) of the fin plates 30.
[0042] The refrigerant channel 34A includes a first intermediate heat transfer tube 41A1 connected to the inlet heat
transfer tube 40A via a U-shape tube (not illustrated), and a second intermediate heat transfer tube 41A2 connected to
the outlet heat transfer tube 42A via a U-shape tube (not illustrated). The first intermediate heat transfer tube 41A1 is
disposed at an uppermost stage in the line (windward-side line) next to the inlet heat transfer tube 40A, and the second
intermediate heat transfer tube 41A2 is disposed at the lower portion (4th stage) in the line (leeward-side line) next to
the outlet heat transfer tube 42A. Further, the first intermediate heat transfer tube 41A1 and the second intermediate
heat transfer tube 41A2 are connected by an intermediate header 44. With this configuration, the refrigerant flows in the
refrigerant channel 34A from an upper-stage heat transfer tube to a lower-stage heat transfer tube in the order of the
inlet heat transfer tube 40A, first intermediate heat transfer tube 41A1, second intermediate heat transfer tube 41A2,
and outlet heat transfer tube 42A.
[0043] The refrigerant channel 34B includes a first intermediate heat transfer tube 41B1 connected to the inlet heat
transfer tube 40B via the U-shape tube (not illustrated), and a second intermediate heat transfer tube 41B2 connected
to the outlet heat transfer tube 42B via the U-shape tube (not illustrated). The first intermediate heat transfer tube 41B1
is disposed at the upper portion (2nd stage) in the line (windward-side line) next to the inlet heat transfer tube 40B, and
the second intermediate heat transfer tube 41B2 is disposed at the lower portion (5th stage) in the line (leeward-side
line) next to the outlet heat transfer tube 42B. Further, the refrigerant channel 34C includes a first intermediate heat
transfer tube 41C1 connected to the inlet heat transfer tube 40C via the U-shape tube, and a second intermediate heat
transfer tube 41C2 connected to the outlet heat transfer tube 42C via the U-shape tube (not illustrated). The first inter-
mediate heat transfer tube 41C1 is disposed at the upper portion (3rd stage) in the line (windward-side line) next to the
inlet heat transfer tube 40C, and the second intermediate heat transfer tube 41C2 is disposed at the lower portion (6th

stage) in the line (leeward-side line) next to the outlet heat transfer tube 42C. With this configuration, in the refrigerant
channels 34B, 34C, the refrigerant flows from an upper-stage heat transfer tube to a lower-stage heat transfer tube in
the order of the inlet heat transfer tubes 40B, 40C, first intermediate heat transfer tubes 41B1, 41C1, second intermediate
heat transfer tubes 41B2, 41C2, and outlet heat transfer tubes 42B, 42C.
[0044] Further, the gas cooler 60 includes an upper heat exchange unit 45 and a lower heat exchange unit 46 which
are two sections divided in a height direction (vertical direction). The refrigerant channels 34A, 34B, 34C are respectively
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formed so as to perform sequential circulation from the upper heat exchange unit 45 to the lower heat exchange unit
46. More specifically, the refrigerant channel 34A has the inlet heat transfer tube 40A and the first intermediate heat
transfer tube 41A1 disposed on the upper heat exchange unit 45, and has the second intermediate heat transfer tube
41A2 and the outlet heat transfer tube 42A disposed on the lower heat exchange unit 46 via the intermediate header
44. In the same manner, the refrigerant channel 34B has the inlet heat transfer tube 40B and the first intermediate heat
transfer tube 41B1 disposed on the upper heat exchange unit 45, and has the second intermediate heat transfer tube
41B2 and the outlet heat transfer tube 42B disposed on the lower heat exchange unit 46. Further, the refrigerant channel
34C has the inlet heat transfer tube 40C and the first intermediate heat transfer tube 41C1 disposed on the upper heat
exchange unit 45, and has the second intermediate heat transfer tube 41C2 and the outlet heat transfer tube 42C
disposed on the lower heat exchange unit 46.
[0045] According to the present embodiment, the heat transfer tube bundles 33 are inserted into the fin plates 30
arranged in two lines and six stages, and inlet heat transfer tubes 40A, 40B, 40C of the respective refrigerant channels
34A, 34B, 34C are disposed closer to the leeward-side line than the outlet heat transfer tubes 42A, 42B, 42C are.
Therefore, when heat is exchanged with the refrigerant flowing in the heat transfer tubes, influence of heat held by air
can be reduced and increase of the refrigerant outlet temperature can be suppressed
[0046] Next, a modified example of the present invention will be described. FIGS. 6 and 7 are schematic diagrams
illustrating gas coolers according to the modified examples. In gas coolers 65, 70, components same as the above-
described gas coolers 19, 60 will be denoted by the same reference signs, and the description therefor will be omitted.
As illustrated in FIG. 6, the gas cooler 65 has the refrigerant channels 34A, 34B, 34C in which the first intermediate heat
transfer tubes 41A1, 41B1, 41C1 and the second intermediate heat transfer tubes 41A2, 41B2, 41C2 are respectively
connected via connection tubes 51A, 51B, 51C. With this configuration, the gas cooler 65 can be downsized because
the intermediate header 44 is not needed.
[0047] Further, arrangement of the respective heat transfer tubes can be suitably changed under the condition that
the inlet heat transfer tubes 40A, 40B, 40C are not disposed next to the outlet heat transfer tubes 42A, 42B, 42C and
the respective refrigerant channels 34A, 34B, 34C are configured such that the refrigerant flows from an upper-stage
heat transfer tube to a lower-stage heat transfer tube. For example, as illustrated in FIG. 7, not all of the inlet heat transfer
tubes 40A, 40B, 40C are disposed in the leeward-side lines of the gas cooler 70, and one inlet heat transfer tube 40B
may be disposed at the uppermost stage in the windward-side line. Also, all of the outlet heat transfer tubes 42A, 42B,
42C are not needed to be disposed on the windward-side lines, and one outlet heat transfer tube 42B may be disposed
at a lowermost line in the leeward-side line. In the gas cooler 70 according to the modified example, an intermediate
header 44 is not provided same as the above-described gas cooler 65, and the first intermediate heat transfer tubes
41A1, 41B1, 41C1 and the second intermediate heat transfer tubes 41A2, 41B2, 41C2 are connected via connection
tubes 52A, 52B, 52C. In this configuration also, the intermediate header 44 may be provided instead of the connection
tubes 52A, 52B, 52C. Reference Signs List

10 Refrigerating cycle device
15 Refrigerant circuit
16 Compressor
19, 50, 60, 65, 70 Gas cooler (radiator)
20 Expansion valve (decompressor)
28 Evaporator (load-side heat exchanger)
30 Fin plate
33 Heat transfer tube bundle
34A, 34B, 34C Refrigerant channel
36 Inlet header
38 Outlet header
40A, 40B, 40C Inlet heat transfer tube
41A1, 41B1, 41C1 First intermediate heat transfer tube (intermediate heat transfer tube)
41A2, 41B2, 41C2 Second intermediate heat transfer tube (intermediate heat transfer tube)
42A, 42B, 42C Outlet heat transfer tube
44 Intermediate header
45 Upper heat exchange unit (heat exchange unit)
46 Lower heat exchange unit (heat exchange unit)

Claims

1. A radiator (19; 50; 60; 65; 70) which radiates heat of refrigerant boosted up to supercritical pressure, comprising:
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a plurality of fin plates (30) extending in a vertical direction and arranged at a predetermined interval; and
a plurality of refrigerant channels (34A, 34B, 34C) formed in parallel by a heat transfer tube bundle (33) inserted
into the fin plates (30) in multiple stages,
wherein each of the plurality of refrigerant channels (34A, 34B, 34C) includes an inlet heat transfer tube (40A,
40B, 40C) disposed at an upper portion of the fin plates (30), an outlet heat transfer tube (42A, 42B, 42C)
disposed at a lower portion of the fin plates (30), and a plurality of intermediate heat transfer tubes (41A1, 41A2,
41B1, 41B2, 41C1, 41C2) disposed between the inlet heat transfer tube (40A, 40B, 40C) and the outlet heat
transfer tube (42A, 42B, 42C).

2. The radiator according to claim 1, wherein the refrigerant flows from an upper-stage heat transfer tube to a lower-
stage heat transfer tube in each of the refrigerant channels (34A, 34B, 34C).

3. The radiator according to claim 1 or 2, including a plurality of heat exchange units, the radiator being vertically divided,
wherein the refrigerant sequentially flows from an upper heat exchange unit (45) to a lower heat exchange unit (46)
in each of the refrigerant channels (34A, 34B, 34C).

4. The radiator according to any one of claims 1 to 3, wherein each of the refrigerant channels (34A, 34B, 34C) includes
a plurality of first intermediate heat transfer tubes (41A1, 41B1, 41C1) connected to the inlet heat transfer tube (40A,
40B, 40C), a plurality of second intermediate heat transfer tubes (41A2, 41B2, 41C2) connected to the outlet heat
transfer tube (42A, 42B, 42C), and an intermediate header (44) connected to all of the first intermediate heat transfer
tubes (41A1, 41B1, 41C1) and the second intermediate heat transfer tubes (41A2, 41B2, 41C2) of the respective
refrigerant channels (34A, 34B, 34C).

5. The radiator according to any one of claims 1 to 4, wherein the heat transfer tube bundle (33) is inserted into the
fin plates (30) in multiple lines and multiple stages, and the inlet heat transfer tube (40A, 40B, 40C) is disposed in
a line more leeward than the outlet heat transfer tube (42A, 42B, 42C).

6. The radiator according to any one of claims 1 to 5, wherein the refrigerant is carbon dioxide refrigerant.

7. A refrigerating cycle device (10) comprising
a refrigerant circuit (15) in which a radiator according to any one of claim 1 to 6, a compressor (16) configured to
boost refrigerant up to supercritical pressure, a decompressor (20), and a load-side heat exchanger (28) are con-
nected via pipe.
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