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(54) TWO‑STAGE CASCADE REFRIGERATION CYCLE DEVICE

(57) Provided is a cascade refrigeration cycle appa-
ratus that is highly efficient. The cascade refrigeration
cycle apparatus includes a fan (40), a first cycle, a second
cycle, and a cascade heat exchanger. In the first cycle, a
first refrigerant having a critical point of 40°C or higher
circulates. The first cycle includes a condenser (104) in
which air supplied by the fan and the first refrigerant
exchange heat. In the second cycle, carbon dioxide as
a second refrigerant circulates. The second cycle in-
cludes a first heat exchanger (26) functioning as a radia-
tor in which air supplied by the fan and the second
refrigerant exchange heat. In the cascade heat exchan-
ger, the first refrigerant and the second refrigerant ex-
change heat. The condenser is disposed on a windward
side of the radiator in an airflow direction (D) that is a
direction of an airflow generated by the fan.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a cascade
refrigeration cycle apparatus.

BACKGROUND ART

[0002] From the viewpoint of environmental conserva-
tion, a technique using carbon dioxide (CO2) having a
small global warming potential as a refrigerant has at-
tracted attention.
[0003] In a case where CO2 is used as a refrigerant in a
refrigeration cycle apparatus and heat is exchanged
between heat source air and CO2 in a radiator, due to
characteristics of CO2, when a temperature of the heat
source air is high, the refrigerant does not change in
phase in the radiator, an enthalpy difference due to the
heat exchange decreases, and efficiency deteriorates.
[0004] Therefore, for example, as in Patent Literature 1
(WO 2014/181399 A), there is known a cascade refrig-
eration cycle apparatus in which a cycle using CO2 as a
refrigerant and a supercooling cycle for exchanging heat
with CO2 are combined to expand a supercooling region
of a cycle using CO2 and improve efficiency.

SUMMARY OF THE INVENTION

<Technical Problem>

[0005] However, in the cascade refrigeration cycle ap-
paratus of Patent Literature 1 (WO 2014/181399 A), the
condenser of the subcooling cycle is disposed on a
leeward side of the radiator of the cycle using CO2,
and there is room for improvement from the viewpoint
of efficiency.

<Solution to Problem>

[0006] A cascade refrigeration cycle apparatus ac-
cording to a first aspect comprises a fan, a first cycle, a
second cycle, and a heat exchanger. In the first cycle, a
first refrigerant having a critical point of 40°C or higher
circulates. The first cycle includes a condenser in which
air supplied by the fan and the first refrigerant exchange
heat. In the second cycle, carbon dioxide as a second
refrigerant circulates. The second cycle includes a radia-
tor in which air supplied by the fan and the second
refrigerant exchange heat. In the heat exchanger, the
first refrigerant and the second refrigerant exchange
heat. The condenser is disposed on a windward side
of the radiator in a first direction that is a direction of an
airflow generated by the fan.
[0007] In the cascade refrigeration cycle apparatus
according to the first aspect, air heated by exchanging
heat with CO2 does not exchange heat with the first
refrigerant flowing through the condenser in the first

cycle, but air before exchanging heat with CO2 ex-
changes heat with the first refrigerant flowing through
the condenser in the first cycle. Therefore, the cascade
refrigeration cycle apparatus according to the first aspect
can improve a heat exchange efficiency in the condenser.
[0008] Meanwhile, in the cascade refrigeration cycle
apparatus according to the first aspect, CO2 flowing
through the radiator in a low-side cycle at least locally
exchanges heat with air having exchanged heat with the
first refrigerant. However, CO2 is a refrigerant having a
relatively poor heat exchange efficiency. Therefore, even
if the air heated by exchanging heat with the first refrig-
erant is supplied to the radiator, the influence on the
overall efficiency is smaller than when the air heated
by exchanging heat with CO2 exchanges heat with the
first refrigerant flowing through the condenser in the first
cycle.
[0009] A cascade refrigeration cycle apparatus ac-
cording to a second aspect is the cascade refrigeration
cycle apparatus according to the first aspect, in which the
radiator includes a first region overlapping the condenser
in the first direction and a second region not overlapping
the condenser in the first direction.
[0010] In the cascade refrigeration cycle apparatus
according to the second aspect, the radiator has a region
not overlapping the condenser in a direction of airflow.
Therefore, even the radiator installed on a leeward side of
the condenser can achieve a relatively high heat ex-
change efficiency in the region not overlapping the con-
denser.
[0011] A cascade refrigeration cycle apparatus ac-
cording to a third aspect is the cascade refrigeration cycle
apparatus according to the first or second aspect, in
which the condenser has a first inlet through which the
first refrigerant flows into. The radiator has a second inlet
through which the second refrigerant flows into. The
second inlet is disposed near the first inlet.
[0012] Among the first refrigerants flowing in the con-
denser, the first refrigerant flowing through the first inlet of
the condenser located the most upstream has the highest
temperature. Therefore, the temperature of air that has
exchanged heat with the first refrigerant flowing through
the first inlet of the condenser tends to be relatively high.
When the second refrigerant flowing through the radiator
exchanges heat with such relatively high-temperature
air, the heat exchange efficiency tends to decrease as
compared with the case of exchanging heat with rela-
tively low-temperature air.
[0013] In the cascade refrigeration cycle apparatus
according to the third aspect, the inlet of the radiator
and the inlet of the condenser are disposed close to each
other in order to reduce such a decrease in heat ex-
change efficiency. Among the second refrigerants flow-
ing in the radiator, the temperature of the second refrig-
erant is the highest at the second inlet of the radiator
located the most upstream. Therefore, even when the
temperature of the air that has exchanged heat with the
first refrigerant flowing near the first inlet of the condenser
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is relatively high, a decrease in the heat exchange effi-
ciency of the radiator is easily reduced.
[0014] A cascade refrigeration cycle apparatus ac-
cording to a fourth aspect is the cascade refrigeration
cycle apparatus according to any of the first to third
aspects, in which the fan includes an impeller. The con-
denser at least partially overlaps the impeller when
viewed in an axial direction of the impeller.
[0015] In the cascade refrigeration cycle apparatus
according to the fourth aspect, since a sufficient volume
of air passing through the condenser is easily secured, it
is easy to sufficiently radiate heat from the first refrigerant
in the condenser.
[0016] A cascade refrigeration cycle apparatus ac-
cording to a fifth aspect is the cascade refrigeration cycle
apparatus according to any of the first to fourth aspects, in
which the condenser includes a first heat transfer tube.
The radiator includes a second heat transfer tube. The
first heat transfer tube and the second heat transfer tube
are inserted into a fin being common to each other. The fin
is provided with a slit formed between a through portion of
the first heat transfer tube and a through portion of the
second heat transfer tube.
[0017] In the cascade refrigeration cycle apparatus
according to the fifth aspect, even when the condenser
and the radiator use the common fin, heat conduction
between the first refrigerant and the second refrigerant
via the fin is easily reduced.
[0018] A cascade refrigeration cycle apparatus ac-
cording to a sixth aspect is the cascade refrigeration
cycle apparatus the fifth aspect, in which the condenser
includes a first tube plate made of metal. The first heat
transfer tube is inserted through the first tube plate, and
the first tube plate supports the first heat transfer tube.
The radiator further includes a second tube plate made of
metal. The second heat transfer tube is inserted through
the second tube plate, and the second tube plate sup-
ports the second heat transfer tube. The first tube plate
and the second tube plate are separate members.
[0019] In the cascade refrigeration cycle apparatus
according to the sixth aspect, heat conduction between
the condenser and the radiator is easily reduced.
[0020] A cascade refrigeration cycle apparatus ac-
cording to a seventh aspect is the cascade refrigeration
cycle apparatus according to any of the first, second,
third, fifth, or sixth aspect, in which the fan is disposed
above the condenser and the radiator. In the fan, the
condenser is disposed at a position at least partially
overlapping an upper part of the radiator.
[0021] In a top-blowing heat source unit, a wind speed
increases at an upper part close to the fan. In a cascade
refrigeration cycle apparatus according to a seventh
aspect, the condenser is disposed at a position at least
partially overlapping the upper part of the radiator. Ac-
cordingly, heat of the first refrigerant can be efficiently
exchanged in the condenser.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 is a schematic configuration diagram of a
cascade refrigeration cycle apparatus according to
an embodiment of the present disclosure.
FIG. 2A is a plan view of an inside of a heat source
unit of the cascade refrigeration cycle apparatus in
FIG. 1, the plan view schematically illustrating an
arrangement of a first heat exchanger, a condenser,
and a fan in the heat source unit.
FIG. 2B is a side view of the first heat exchanger, the
condenser, and the fan when viewed in a direction of
arrows A-A in FIG. 2A.
FIG. 3 is a schematic rear view of the first heat
exchanger and the condenser according to a first
example in FIGS. 2A and 2B when viewed from a
rear.
FIG. 4A is a schematic rear view of the first heat
exchanger and the condenser according to a second
example when viewed from the rear.
FIG. 4B is a plan view of the inside of the heat source
unit including the first exchanger and the condenser
according to a second example, the plan view sche-
matically illustrating an arrangement of the first heat
exchanger, the condenser, and the fan in the heat
source unit.
FIG. 5A is a schematic rear view of the first heat
exchanger and the condenser according to a third
example when viewed from the rear.
FIG.5B is a plan view of the inside of the heat source
unit including the first exchanger and the condenser
according to the second example, the plan view
schematically illustrating an arrangement of the first
heat exchanger, the condenser, and the fan in the
heat source unit.
FIG. 6 is a plan view of the inside of the heat source
unit, schematically illustrating an arrangement of the
first heat exchanger and the condenser (integrated
heat exchanger) sharing a fin in a fourth example.
FIG. 7A is a schematic diagram of tube plates of the
first heat exchanger and the condenser according to
the fourth example.
FIG. 7B is a schematic diagram of a tube plate
according to a modification of the first heat exchan-
ger and the condenser according to the fourth em-
bodiment.
FIG. 8 is a schematic diagram of a fin of the first heat
exchanger and the condenser according to the fourth
example.
FIG. 9A is a schematic side view of the inside of the
heat source unit according to Modification A, illus-
trating an example of the arrangement of the first
heat exchanger, the condenser, and the fan.
FIG. 9B is a schematic side view of the inside of the
heat source unit according to Modification A, illus-
trating another example of the arrangement of the
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first heat exchanger, the condenser, and the fan.
FIG. 9C is a schematic side view of the inside of the
heat source unit according to Modification A, illus-
trating still another example of the arrangement of
the first heat exchanger, the condenser, and the fan.
FIG. 10 is a schematic plan view of the inside of the
heat source unit according to Modification A, the plan
view schematically illustrating the arrangement of
the first heat exchanger and the condenser.
FIG. 11 is a schematic Mollier diagram for describing
performance when a second cycle is used alone and
performance when a first cycle and the second cycle
are used in combination.
FIG. 12 is a Mollier diagram for describing an influ-
ence of an outside air temperature on efficiency of
the second cycle.

DESCRIPTION OF EMBODIMENTS

[0023] A cascade refrigeration cycle apparatus ac-
cording to an embodiment of the present disclosure will
be described hereinafter with reference to the drawings.

(1) General Outline

[0024] An outline of a cascade refrigeration cycle ap-
paratus 1 of the present disclosure will be described
hereinafter with reference to FIG. 1. FIG. 1 is a schematic
configuration diagram of the cascade refrigeration cycle
apparatus 1.
[0025] The cascade refrigeration cycle apparatus 1 is
an apparatus that performs vapor compression refrigera-
tion cycle operation to cool or heat a temperature adjust-
ment target. In the present embodiment, the cascade
refrigeration cycle apparatus 1 cools or heats air in a
room of an office building or the like as a temperature
adjustment target to perform cooling or heating of the
room of the office building or the like.
[0026] In the present embodiment, the temperature
adjustment target of the cascade refrigeration cycle ap-
paratus 1 is air. Alternatively, the cascade refrigeration
cycle apparatus of the present disclosure may be a
device that cools or heats water, a heat medium, or the
like that is the temperature adjustment target. In the
present embodiment, the cascade refrigeration cycle
apparatus 1 cools and heats a room in an office building
or the like, but the cascade refrigeration cycle apparatus
may be an apparatus dedicated to cooling.
[0027] As illustrated in FIG. 1, the cascade refrigera-
tion cycle apparatus 1 mainly includes a vapor compres-
sion first cycle 100, a vapor compression second cycle
10, a fan 40, and a control device 90.
[0028] The first cycle 100 is a refrigerant circuit in which
a first refrigerant having a higher critical point than a
second refrigerant used in the second cycle 10 circulates.
[0029] The first refrigerant is a refrigerant having a
critical point of 40°C or higher. The first refrigerant is
preferably a refrigerant having a critical point of 50°C

or higher. The first refrigerant preferably has a relatively
low global warming potential. Although the type of the
refrigerant is not limited, the first refrigerant is, for exam-
ple, any single refrigerant of R290 (critical point 370°C),
R1234yf (critical point 95°C), R1234ze (critical point
154°C), or R32 (critical point 72°C), or a mixed refrigerant
including the above refrigerants.
[0030] The second cycle 10 is a refrigerant circuit
through which a refrigerant including carbon dioxide
(CO2) circulates as the second refrigerant. The critical
point of CO2 is 31.1°C. In the present embodiment, the
refrigerant circulating in the second cycle 10 is a single
refrigerant of CO2.
[0031] The first cycle 100 and the second cycle 10 are
thermally connected via a cascade heat exchanger 30. In
the cascade heat exchanger 30, the first refrigerant cir-
culating in the first cycle 100 and the second refrigerant
circulating in the second cycle 10 exchange heat.
[0032] The cascade refrigeration cycle apparatus 1
includes the first cycle 100 in addition to the second cycle
10 for the following reasons.
[0033] At present, from the viewpoint of environmental
conservation, use of CO2 as a refrigerant attracts atten-
tion. CO2 has an excellent characteristic of having a small
global warming potential but has a characteristic of hav-
ing a low critical point. Therefore, in a case where only the
second cycle using CO2 as the second refrigerant is used
in the refrigeration cycle apparatus, if a cooling operation
is performed by using the heat exchanger on a heat
source side as a radiator under a condition where the
temperature of heat source air is high (a condition where
the temperature of the heat source air exceeds the critical
point of CO2), the CO2 does not change in phase, and
thus the cycle becomes a cycle as indicated by a broken
line in FIG. 11. In such a cycle, since an enthalpy differ-
ence due to heat exchange is small, the obtained cooling
capacity becomes relatively small as indicated by a dou-
ble-headed arrow of a broken line in FIG. 11, and the
efficiency is deteriorated.
[0034] On the other hand, in the cascade refrigeration
cycle apparatus 1 of the present disclosure, the first cycle
having a relatively high critical point is used for subcool-
ing the second refrigerant in addition to the second cycle
using CO2 as the second refrigerant. Therefore, the cycle
can be improved as indicated by a one-dot chain line in
the Mollier diagram of FIG. 11, and the obtained cooling
capacity can be expanded as indicated by a double-
headed arrow of a one-dot chain line in FIG. 11.
[0035] The fan 40 is a device that generates an airflow
in order to supply air as a heat source (heat source air) to
a condenser 104 in the first cycle 100 and a first heat
exchanger 26 in the second cycle 10.
[0036] As illustrated in FIG. 1, the cascade refrigera-
tion cycle apparatus 1 is divided into a heat source unit 20
and a utilization unit 50. The heat source unit 20 and the
utilization unit 50 are connected via connection pipes 12
and 14 constituting the second cycle 10.
[0037] The heat source unit 20 includes a housing 23.
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The housing 23 accommodates various devices consti-
tuting the first cycle 100, some of various devices con-
stituting the second cycle 10, the fan 40, and the like. The
heat source unit 20 is installed on, but not limited to, a
rooftop of a building such as an office building in which the
cascade refrigeration cycle apparatus 1 is installed, near
a wall of a building, or the like.
[0038] The utilization unit 50 includes a housing 51.
The housing 51 accommodates a second heat exchan-
ger 52 of the second cycle 10, a fan (not illustrated) that
supplies air to the second heat exchanger 52, and the
like. The utilization unit 50 is installed, for example, in an
air conditioning target space or near the air conditioning
target space (forexample, a ceiling space or the likeof the
air conditioning target space). Although only one utiliza-
tion unit 50 having the second heat exchanger 52 is
depicted in the example of FIG. 1, the cascade refrigera-
tion cycle apparatus 1 may include a plurality of utilization
units 50 having the second heat exchangers 52 con-
nected in parallel to each other.
[0039] The control device 90 is electrically connected
to various devices constituting the second cycle 10,
various devices constituting the first cycle 100, and the
fan 40 and controls operations of the devices electrically
connected to the control device 90.

(2) Details

[0040] The first cycle 100, the second cycle 10, the fan
40, the control device 90, and the heat source unit 20 will
be described in detail.

(2‑1) First cycle

[0041] In the first cycle (first refrigerant circuit) 100, the
first refrigerant circulates. The first cycle 100 is mainly
used for subcooling the second refrigerant flowing in the
second cycle during the cooling operation.
[0042] The first cycle 100 mainly includes a compres-
sor 102, the condenser 104, an expansion mechanism
106, and the cascade heat exchanger 30 which are
connected by pipes. In the first cycle 100, the first refrig-
erant discharged from the compressor 102 flows through
the condenser 104, the expansion mechanism 106, and
the cascade heat exchanger 30 in this order, and returns
to a suction side of the compressor 102.
[0043] The compressor 102 compresses the first re-
frigerant. For example, the compressor 102 is a variable
operating capacity compressor including an inverter-
controlled motor. Alternatively, the compressor 102
may be a compressor having a constant operating ca-
pacity. The compressor 102 is, for example, a scroll
compressor or a rotary compressor. However, the type
of the compressor 102 is not limited to the above exam-
ples, and may be appropriately selected.
[0044] In the condenser 104, the air (heat source air)
supplied by the fan 40 and the first refrigerant exchange
heat. In the condenser 104, the first refrigerant obtains

cold energy from the heat source air. The condenser 104
is, for example, a fin-and-tube heat exchanger having a
large number of heat transfer tubes and fins.
[0045] The expansion mechanism 106 decompresses
the first refrigerant. The expansion mechanism 106 is, for
example, an electronic expansion valve having a variable
opening degree. However, the expansion mechanism
106 is not limited to this example, and may be an auto-
matic temperature expansion valve having a temperature
sensitive cylinder or a capillary tube.
[0046] The cascade heat exchanger 30 causes the first
refrigerant and the second refrigerant to exchange heat
with each other without mixing the first refrigerant and the
second refrigerant. The cascade heat exchanger 30 is,
for example, a plate heat exchanger. The cascade heat
exchanger 30 includes a first flow path 32 constituting a
part of the first cycle 100 and a second flow path 34
constituting a part of the second cycle 10. In the cascade
heat exchanger 30, the first refrigerant flowing through
first flow path 32 and a second fluid flowing through
second flow path 34 exchange heat, and the second fluid
is cooled by the first fluid. One end of the first flow path 32
is connected to the expansion mechanism 106 via a
refrigerant pipe, and the other end is connected to the
suction side of the compressor 102 via a refrigerant pipe.

(2‑2) Second cycle

[0047] In the second cycle (second refrigerant circuit)
10, the second refrigerant circulates. The second refrig-
erant circulating in the second cycle 10 is used for cooling
and heating the air in a space as the temperature adjust-
ment target.
[0048] The second cycle 10 mainly includes a com-
pressor 22, a switching mechanism 24, the first heat
exchanger 26, the cascade heat exchanger 30, an ex-
pansion mechanism 28, and the second heat exchanger
52.
[0049] The compressor 22 compresses the second
refrigerant. For example, the compressor 22 is a variable
operating capacity compressor including an inverter-
controlled motor. Alternatively, the compressor 22 may
be a compressor having a constant operating capacity.
The compressor 22 is, for example, a scroll compressor
or a rotary compressor. However, the type of the com-
pressor 22 is not limited to the above examples, and may
be appropriately selected.
[0050] The switching mechanism 24 is a mechanism
that switches a state of the second cycle 10 between a
first state and a second state. When the second cycle 10
is in the first state (see the solid line of the switching
mechanism 24 in FIG. 1), the first heat exchanger 26
functions as a radiator for the second refrigerant, and the
second heat exchanger 52 functions as an evaporator for
the second refrigerant. When the second cycle 10 is in the
second state (see the broken line of the switching me-
chanism 24 in FIG. 1), the first heat exchanger 26 func-
tions as an evaporator for the second refrigerant, and the
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second heat exchanger 52 functions as a radiator for the
second refrigerant.
[0051] The switching mechanism 24 is, for example, a
four-way switching valve. When the state of the second
cycle 10 is set to the first state, the switching mechanism
24 connects a discharge pipe21b and a first pipe 21c,and
connects a suction pipe 21a and a third pipe 21e. When
the state of the second cycle 10 is set to the second state,
the switching mechanism 24 connects the discharge pipe
21b and the third pipe 21e, and connects the suction pipe
21a and the first pipe 21c. Here, the discharge pipe 21b is
a pipe that connects a discharge side of the compressor
22 and the switching mechanism 24. The first pipe 21c is
a pipe that connects the switching mechanism 24 and the
first heat exchanger 26. Here, the suction pipe 21a is a
pipe that connects the suction side of the compressor 22
and the switching mechanism 24. Third pipe 21e is a pipe
that connects the switching mechanism 24 and the con-
nection pipe 14.
[0052] In the first heat exchanger 26, the air (heat
source air) supplied by the fan 40 and the second refrig-
erant exchange heat. When the state of the second cycle
10 is the first state, the first heat exchanger 26 functions
as a radiator, and the second refrigerant obtains cold
energy from the heat source air in the first heat exchanger
26. When the state of the second cycle 10 is the second
state, the first heat exchanger 26 functions as an eva-
porator, and the second refrigerant obtains thermal en-
ergy from the heat source air in the first heat exchanger
26. The first heat exchanger 26 is, for example, a fin-and-
tube heat exchanger having a large number of heat
transfer tubes and fins.
[0053] As described above, the cascade heat exchan-
ger 30 is a heat exchanger that causes the first refrigerant
and the second refrigerant to exchange heat without
mixing with each other, and the second flow path 34 of
the cascade heat exchanger 30 constitutes a part of the
second cycle 10. The cascade heat exchanger 30 is
disposed in the second pipe 21d. The second pipe 21d
is a pipe that connects the first heat exchanger 26 and the
connection pipe 12 in the second cycle 10.
[0054] The expansion mechanism 28 decompresses
the second refrigerant. The expansion mechanism 28 is
disposed on the second pipe 21d between the cascade
heat exchanger 30 and a connecting portion between the
second pipe 21d and the connection pipe 12. The ex-
pansion mechanism 28 is, for example, an electronic
expansion valve having a variable opening degree. How-
ever, the expansion mechanism 28 is not limited to this
example, and may be an automatic temperature expan-
sion valve having a temperature sensitive cylinder or a
capillary tube.
[0055] In the second heat exchanger 52, the second
refrigerant and air in the air conditioning target space
exchange heat. The second heat exchanger 52 is ac-
commodated in the housing 51. The air in the air con-
ditioning target space is supplied to the second heat
exchanger 52 by a fan (not illustrated) disposed in the

housing 51. In the second heat exchanger 52, the air in
the air conditioning target space supplied by the fan and
the second refrigerant exchange heat. When the state of
the second cycle 10 is the first state, the second heat
exchanger 52 functions as an evaporator, and the air in
the air conditioning target space is cooled by the second
refrigerant in the second heat exchanger 52. When the
state of the second cycle 10 is the second state, the
second heat exchanger 52 functions as a radiator, and
the air in the air conditioning target space is heated by the
second refrigerant in the second heat exchanger 52. The
second heat exchanger 52 is, for example, a fin-and-tube
heat exchanger having a large number of heat transfer
tubes and fins.

(2‑3) Fan

[0056] The fan 40 is accommodated in the housing 23
of the heat source unit 20. The fan 40 rotates an impeller
42 about an axis O by a motor (not illustrated) to supply
the heat source air to the condenser 104 in the first cycle
100 and the first heat exchanger 26 in the second cycle 10
accommodated in the housing 23 of the heat source unit
20. Thus, heat exchange between the first refrigerant and
the second refrigerant and the heat source air are pro-
moted. The fan 40 is, for example, an axial flow fan,
although the type is not limited. In the present embodi-
ment, in particular, the fan 40 is, for example, a propeller
fan.

(2‑4) Control device

[0057] The control device 90 is a device that controls
the operation of the cascade refrigeration cycle appara-
tus 1.
[0058] The control device 90 is electrically connected
to the compressor 102 and the expansion mechanism
106 in the first cycle 100, the compressor 22, the switch-
ing mechanism 24 and the expansion mechanism 28 in
the second cycle 10, and the fan 40 (see the broken lines
in FIG. 1). The control device 90 controls the operation of
the cascade refrigeration cycle apparatus 1 by controlling
the operation of these electrically connected devices.
[0059] In the present embodiment, an electric circuit
and a control board (not illustrated) mounted on the heat
source unit 20 and an electric circuit and a control board
(not illustrated) mounted on the utilization unit 50 are
communicably connected to each other, and function as
the control device 90 in cooperation with each other. FIG.
1 illustrates the control device 90, for convenience, at a
position away from the heat source unit 20, the utilization
unit 50, and the like.
[0060] In the present embodiment, the control device
90 includes an arithmetic and control unit and a storage.
As the arithmetic and control unit, a processor such as a
CPU can be used. The arithmetic and control unit reads a
program stored in the storage, and controls the operation
of the cascade refrigeration cycle apparatus 1 in accor-
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dance with this program.
[0061] Specifically, when causing the cascade refrig-
eration cycle apparatus 1 to perform a heating operation,
the control device 90 controls the operation of the switch-
ing mechanism 24 to set the state of the second cycle 10
to the second state and operate the compressor 22. The
control device 90 controls an operating capacity of the
motor of the compressor 22 on the basis of a measure-
ment result of a sensor (a sensor that measures a tem-
perature and a pressure of the second refrigerant at an
appropriate location in the second cycle 10, or a sensor
that measures a temperature of the heat source air, the
sensor is referred to as a first sensor hereinafter), not
illustrated, disposed at an appropriate location. The con-
trol device 90 operates the motors of the fan 40 and a fan
of the utilization unit 50 at a predetermined number of
rotations. Furthermore, the control device 90 controls the
opening degree of the electronic expansion valve as the
expansion mechanism 28 on the basis of the measure-
ment result of the first sensor.
[0062] When causing the cascade refrigeration cycle
apparatus 1 to perform the cooling operation, the control
device 90 controls the operation of the switching me-
chanism 24 to set the state of the second cycle 10 to the
first state and operate the compressor 22. The control
device 90 controls the operating capacity of the motor of
the compressor 22 on the basis of the measurement
result of the first sensor. The control device 90 operates
the motors of the fan 40 and a fan of the utilization unit 50
at a predetermined number of rotations. Furthermore, the
control device 90 controls the opening degree of the
electronic expansion valve as the expansion mechanism
28 on the basis of the measurement result of the first
sensor.
[0063] Furthermore, the control device 90 operates the
compressor 102 when causing the cascade refrigeration
cycle apparatus 1 to perform the cooling operation. The
control device 90 may operate the compressor 102
whenever causing the cascade refrigeration cycle appa-
ratus 1 to perform the cooling operation. Alternatively, the
control device 90 may operate the compressor 102, for
example, when the temperature of the heat source air
(outside air) is higher than a predetermined temperature.
The control device 90 controls an operating capacity of
the motor of the compressor 102 on the basis of a
measurement result of a sensor (a sensor that measures
a temperature and a pressure of the first refrigerant at an
appropriate location in the first cycle 100, or a sensor that
measures a temperature of the heat source air, the
sensor is referred to as a second sensor hereinafter),
not illustrated, disposed at an appropriate location. The
control device 90 controls the opening degree of the
electronic expansion valve as the expansion mechanism
106 on the basis of the measurement result of the second
sensor.

(2‑5) Heat source unit

[0064] The heat source unit 20 will be described mainly
with reference to FIGS. 2A, 2B, and 3 in addition to FIG. 1.
FIG. 2A is a plan view of an inside of the heat source unit
20 of the cascade refrigeration cycle apparatus 1, the
plan view schematically illustrating an arrangement of the
first heat exchanger 26, the condenser 104, and the fan
40 in the heat source unit 20. FIG. 2B is a side view of the
first heat exchanger 26, the condenser 104, and the fan
40 when viewed in a direction of arrows A-A in FIG. 2A.
FIG. 3 is a schematic rear view of the first heat exchanger
26 and the condenser 104 according to a first example in
FIGS. 2A and 2B when viewed from a rear.
[0065] In the following description, expressions indi-
cating directions such as "upper", "lower", "front (front
face)", "rear (rear face)" "left", and "right" are used for
convenience in order to represent directions and posi-
tions. Unless otherwise specified, expressions such as
"upper", "lower", "front (front face)", "rear (rear face)",
"left", and "right" follow directions of arrows in the draw-
ings. Note that, unless otherwise specified, these expres-
sions are not intended to limit the disclosure of the pre-
sent application.
[0066] The heat source unit 20 includes the housing 23
accommodating various devices constituting the first
cycle 100, various devices constituting the second cycle
10, the fan 40, and the like. As described above, the
housing 23 is installed on a rooftop of a building such as
an office building in which the cascade refrigeration cycle
apparatus 1 is installed, near a wall of a building, or the
like.
[0067] The heat source unit 20 here is a side-blowing
heat source unit that takes in air from an opening (not
illustrated) provided on a rear face or a left face of the
housing 23 and blows out air having exchanged heat with
the first refrigerant in the condenser 104 or air having
exchanged heat with the second refrigerant in the first
heat exchanger 26 from an opening provided on a front
face of the housing 23.
[0068] The housing 23 accommodates the compres-
sor 102, the condenser 104, the cascade heat exchanger
30, the expansion mechanism 106 constituting the first
cycle 100, and pipes that connect these devices and
through which the first refrigerant flows. The housing
23 also accommodates the compressor 22, the switching
mechanism 24, the first heat exchanger 26, the cascade
heat exchanger 30, the expansion mechanism 28, which
constitute the second cycle 10, and the pipes 21a to 21e
that connect these devices and through which the second
refrigerant flows. The housing 23 accommodates the fan
40.
[0069] A partition plate 23a extending in a front-rear
direction is disposed inside the housing 23 (in FIG. 2A,
the partition plate 23a is indicated by a two-dot chain line).
The partition plate 23a extends from near a bottom plate
of the housing 23 to near a top panel of the housing 23.
The inside of the housing 23 is divided into a machine
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chamber S1 and a fan chamber S2 by the partition plate
23a.
[0070] In the machine chamber S1, the compressor
102, the cascade heat exchanger 30, the expansion
mechanism 106, the compressor 22, the switching me-
chanism 24, the expansion mechanism 28, some of the
pipes in the first cycle 100, and some the pipes in the
second cycle 10 are mainly disposed (in FIG. 2A, devices
in the machine chamber S1 is not shown). The condenser
104, the first heat exchanger 26, and the fan 40 are mainly
disposed in the fan chamber S2.
[0071] The condenser 104, the first heat exchanger 26,
and the fan 40 disposed in the fan chamber S2 will be
mainly described below. The flow of the refrigerant in the
first heat exchanger 26 will be described below. Here, the
flow of the refrigerant when the cascade refrigeration
cycle apparatus 1 performs the cooling operation (when
the first heat exchanger 26 is a radiator) will be described
below. For example, an inlet 26i of the first heat exchan-
ger 26 and an outlet 26o of the first heat exchanger 26
described later mean an inlet of the second fluid to the first
heat exchanger 26 and an outlet of the second fluid from
the first heat exchanger 26 in the flow of the second
refrigerant in the second cycle 10 when the cascade
refrigeration cycle apparatus 1 performs the cooling op-
eration.
[0072] The condenser 104 and the first heat exchanger
26 according to the first example illustrated in FIGS. 2A
and 3 are separate heat exchangers. Here, the recitation
"the fact that the condenser 104 and the first heat ex-
changer 26 are separate heat exchangers" means that
the condenser 104 and the first heat exchanger 26 do not
share components such as a tube plate and a fin, unlike a
fourth example in FIG. 6 described later.
[0073] The first heat exchanger 26 has an L shape in
top view. The first heat exchanger 26 extends from near
the machine chamber S 1 to near a left rear corner of the
housing 23 near an edge of the rear face of the housing
23, changes the direction near the left rear corner of the
housing 23, and extends to near a left front corner of the
housing 23.
[0074] The condenser 104 has an I shape in top view.
The condenser 104 extends from near machine chamber
S 1 to an intermediate portion in a left-right direction of the
fan chamber S2 near the edge of the rear face of the
housing 23. The condenser 104 is disposed on the rear
side of the first heat exchanger 26.
[0075] The fan 40 is disposed at a center of the fan
chamber S2 in the left-right direction and on the front side
of the fan chamber S2. Openings (not illustrated) are
formed on the rear, left, and front side walls of the housing
23 surrounding the fan chamber S2. When the motor of
the fan 40 is operated and the impeller 42 of the fan 40
rotates, air is sucked from the rear and left openings of the
housing 23 and blown out from the front opening of the
housing 23. Here, a direction of an airflow generated by
the fan 40, particularly when the air flow passes through
the condenser 104 and the first heat exchanger 26 (here-

inafter, referred to as an airflow direction D) is indicated
by an arrow D as an airflow direction.
[0076] The condenser 104 includes a large number of
heat transfer tubes 104a aligned in an up-down direction,
a large number of fins (not illustrated) attached to the heat
transfer tubes 104a, and a pair of tube plates 104p to
which the heat transfer tubes 104a are attached and that
support the attached heat transfer tubes 104a.
[0077] The heat transfer tubes 104a linearly extend in
the left-right direction. In the condenser 104 exemplified
here, only one row of heat transfer tube 104a is disposed
in the airflow direction D (here, the front-rear direction).
However, the condenser 104 is not limited to this exam-
ple, and a plurality of rows of heat transfer tubes 26a may
be aligned in the airflow direction D as in the first heat
exchanger 26 described later.
[0078] The pair of tube plates 104p of the condenser
104 are made of metal. The pair of tube plates 104p is
disposed near the ends of the heat transfer tube 104a. A
part of an end of the heat transfer tube 104a near the tube
plate 104p disposed near the machine chamber S 1
functions as an inlet 104i (first inlet) of the condenser
104 into which the first refrigerant flows. Another part of
the end of the heat transfer tube 104a near the tube plate
104p arranged near the machine chamber S 1 functions
as an outlet 104o of the condenser 104 from which the
first refrigerant flows. The refrigerant flowing from the
inlet 104i of the condenser 104 is folded back (folded
back once or a plurality of times between the left and right
ends of the heat transfer tube 104a) at a U-shaped tube
(not illustrated) attached to an end of the heat transfer
tube 104a or a header tube (not illustrated) attached to an
end of the heat transfer tube 104a, and finally flows out
from the outlet 104o of the condenser 104.
[0079] Although not illustrated, a header, a flow divider,
and the like that divide the refrigerant flowing from the
compressor 102 into the plurality of inlets 104i are pro-
vided near a right end of the condenser 104 where the
inlet 104i is disposed. Although not illustrated, a header, a
merging device, and the like that merge the refrigerant
flowing out of the plurality of outlets 104o are provided
near the right end of the condenser 104 where the outlet
104o is disposed.
[0080] The first heat exchanger 26 includes a large
number of heat transfer tubes 26a aligned in the up-down
direction, a large number of fins (not illustrated) attached
to the heat transfer tubes 26a, and a pair of tube plates
26p to which the heat transfer tubes 26a are attached and
that support the attached heat transfer tubes 26a.
[0081] The heat transfer tube 26a has an L shape when
viewed from above. The heat transfer tube 26a extends
from near the machine chamber S1 to near the left rear
corner of the housing 23, changes the direction near the
left rear corner of the housing 23, and extends forward to
near the left front corner of the housing 23.
[0082] In the first heat exchanger 26, the heat transfer
tubes 26a aligned in the up-down direction are aligned in
two rows in the airflow direction D generated by the fan
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40. However, in the first heat exchanger 26, only one row
of heat transfer tube 26a may be aligned in the airflow
direction D, and three or more rows of heat transfer tubes
26a may be aligned in the airflow direction D.
[0083] The pair of tube plates 26p of the first heat
exchanger 26 are made of metal. The pair of tube plates
26p is disposed near the ends of the heat transfer tube
26a. A part of the end of the heat transfer tube 26a near
the tube plate 26p disposed near the machine chamber
S1 functions as an inlet 26i (second inlet) into which the
second refrigerant flows. Another part of the end of the
heat transfer tube 26a near the tube plate 26p arranged
near the machine chamber S1 functions as an outlet 26o
from which the second refrigerant flows. The refrigerant
flowing from the inlet 26i of the first heat exchanger 26 is
folded back (folded back once or a plurality of times
between the left and right ends of the heat transfer tube
26a) at a U-shaped tube (not illustrated) attached to an
end of the heat transfer tube 26a or a header tube (not
illustrated) attached to an end of the heat transfer tube
26a, and finally flows out from the outlet 26o of the first
heat exchanger 26. In the first heat exchanger 26 accord-
ing to the present embodiment, as described above, the
two rows of heat transfer tubes 26a are aligned in the
airflow direction D, and the refrigerant flowing through the
heat transfer tubes 26a of one row may flow into the heat
transfer tubes 26a of another row at the time of turning
back.
[0084] Although not illustrated, near first heat exchan-
ger 26 near machine chamber S1 where inlet 26i is
disposed, a header, a flow divider, and the like that divide
the refrigerant flowing from the first pipe 21c into the
plurality of inlets 26i are provided. Although not illu-
strated, a header, a merging device, and the like that
merge the refrigerant flowing out of the plurality of outlets
26o are provided near the end of the condenser 104 near
the machine chamber S1 where the outlet 26o is dis-
posed.
[0085] A path of the refrigerant in the first heat exchan-
ger 26 and the condenser 104 (how the refrigerant flows
through the plurality of heat transfer tubes 26a of the first
heat exchanger 26 and the plurality of heat transfer tubes
104a of the condenser 104) may be appropriately deter-
mined.
[0086] A positional relationship between the first heat
exchanger 26 and the condenser 104 and sizes of the first
heat exchanger 26 and the condenser 104 according to
the first example will be described.
[0087] As illustrated in FIGS. 2A and 2B, the condenser
104 is disposed behind the first heat exchanger 26. In
other words, as illustrated in FIGS. 2A and 2B, the con-
denser 104 is disposed on a windward side of the first
heat exchanger 26 that functions as a radiator during
cooling in the airflow direction D generated by the fan 40.
[0088] An end on one side of the condenser 104 in the
direction in which the heat transfer tubes 104a extend (an
end disposed near the machine chamber S1) is prefer-
ably disposed near an end on one side of the first heat

exchanger 26 in the direction in which the heat transfer
tubes 26a extend (an end disposed near the machine
chamber S1) (see FIG. 3). Specifically, an end on one
side of the condenser 104 in the direction in which the
heat transfer tubes 104a extend is preferably disposed
near an end on one side of the first heat exchanger 26 in
the direction in which the heat transfer tubes 26a extend
(an end disposed near the machine chamber S1) in the
front-rear direction and the left-right direction (see FIG.
3).
[0089] As described above, the inlet 104i is provided at
an end of the condenser 104 disposed near the machine
chamber S1. The inlet 26i is provided at an end of the first
heat exchanger 26 disposed near the machine chamber
S1.
[0090] Therefore, the inlet 104i (first inlet) of the con-
denser 104 through which the first refrigerant flows into is
disposed near the inlet 26i (second inlet) of the first heat
exchanger 26 through which the second refrigerant flows
into. In particular, in the first example in FIG. 2A, the inlet
104i of the condenser 104 through which the first refrig-
erant flows into is disposed near the inlet 26i of the first
heat exchanger 26 through which the second refrigerant
flows into in the direction in which the heat transfer tubes
104a and 26a extend and in the airflow direction D.
Similarly, the outlet 104o of the condenser 104 through
which the first refrigerant flows out is disposed near the
outlet 26o (second inlet) of the first heat exchanger 26
through which the second refrigerant flows out.
[0091] The position where the inlet 104i and the outlet
104o of the condenser 104 are disposed (position of the
end of the condenser 104 where the inlet 104i and the
outlet 104o are provided) may be separated from the
position where the inlet 26i and the outlet 26o of the first
heat exchanger 26 are disposed (end of the first heat
exchanger 26 where the inlet 26i and the outlet 26o are
provided). For example, in the first example in FIG. 2A,
the position where the inlet 104i and the outlet 104o of the
condenser 104 are disposed (the position of the end of
the heat transfer tubes 104a) may be located to the left of
the position where the inlet 26i and the outlet 26o of the
first heat exchanger 26 are disposed.
[0092] However, from the viewpoint of ease of manu-
facturing the heat source unit 20, the position where the
inlet 104i and the outlet 104o of the condenser 104 and
the position where the inlet 26i and the outlet 26o of the
first heat exchanger 26 are disposed are preferably dis-
posed close to each other.
[0093] Furthermore, by arranging the inlet 104i of the
condenser 104 and the inlet 26i of the first heat exchan-
ger 26 close to each other, the following effects can be
obtained. In particular, in this case, the inlet 104i (first
inlet) of the condenser 104 is preferably disposed to
overlap the inlet 26i (second inlet) of the first heat ex-
changer 26 functioning as a radiator in the airflow direc-
tion D.
[0094] Among the first refrigerants flowing in the con-
denser 104, the first refrigerant flowing through the inlet
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104i of the condenser 104 located the most upstream has
the highest temperature. Therefore, the temperature of
air that has exchanged heat with the first refrigerant
flowing through the inlet 104i of the condenser 104 tends
to be relatively high. When the second refrigerant flowing
through the first heat exchanger 26 functioning as a
radiator exchanges heat with such relatively high-tem-
perature air, a heat exchange efficiency tends to de-
crease as compared with the case of exchanging heat
with relatively low-temperature air.
[0095] In order to reduce such a decrease in heat
exchange efficiency, the inlet 104i of the condenser
104 and the inlet 26i of the first heat exchanger 26 are
preferably disposed close to each other. Among the
second refrigerants flowing in the first heat exchanger
26 as a radiator, the temperature of the second refrigerant
is the highest at the inlet 26i of the first heat exchanger 26
located the most upstream. Therefore, even when the
temperature of the air that has exchanged heat with the
first refrigerant flowing through the inlet 104i of the con-
denser 104 is relatively high, a decrease in the heat
exchange efficiency of the first heat exchanger 26 as a
radiator is easily reduced.
[0096] In the present embodiment, the length of the
condenser 104 in the left-right direction is shorter than the
length of the portion of the first heat exchanger 26 ex-
tending in the left-right direction as illustrated in FIG. 2A.
However, the condenser 104 at least partially overlaps
the impeller (propeller) 42 when viewed in an axial direc-
tion of the axis O of the impeller 42. When directly facing
the impeller 42 of the fan 40 (when the impeller 42 of the
fan 40 is viewed in a direction opposite to the direction of
the airflow blown out by the impeller 42 of the fan 40 (from
the front side in the example of FIG. 2A)), the condenser
104 is preferably disposed so as to at least partially
overlap the impeller 42.
[0097] For example, when the condenser 104 exists
only for a short distance to the left side from the right end
disposed near the machine chamber S 1 (when viewed in
the axial direction of the axis O of the impeller 42, the
condenser 104 exists only to a position not overlapping
the impeller 42), it may be difficult to sufficiently secure a
volume of air passing through the condenser 104. On the
other hand, as in the present embodiment, the condenser
104 is disposed so as to at least partially overlap the
impeller 42 when facing the impeller 42 of the fan 40, and
thus, a sufficient volume of air passing through the con-
denser 104 is easily secured.
[0098] In the present embodiment, as illustrated in
FIGS. 2B and 3, the height of the condenser 104 in the
up-down direction is lower than the height of the first heat
exchanger 26 in the up-down direction. However, the
height of the condenser 104 in the up-down direction is
not limited to the above, and may be the same as the
height of the first heat exchanger 26 in the up-down
direction.
[0099] Since the length of the condenser 104 in the left-
right direction is shorter than the length of the portion of

the first heat exchanger 26 extending in the left-right
direction and/or the height of the condenser 104 in the
up-down direction is lower than the height of the first heat
exchanger 26 in the up-down direction, the condenser
104 covers only a part of the first heat exchanger 26 when
viewed from upstream in the airflow direction D. In other
words, in the airflow direction D, the condenser 104
overlaps only a part of the first heat exchanger 26.
[0100] In FIG. 3, a portion hatched with diagonal lines
indicates a region where the first heat exchanger 26 and
the condenser 104 are disposed so as to overlap each
other in rear view. On the other hand, in FIG. 3, a portion
hatched with dots indicates a portion where the first heat
exchanger 26 and the condenser 104 do not overlap in
rear view. In other words, in the present embodiment, the
area of the condenser 104 is smaller than the area of the
first heat exchanger 26 when viewed from upstream in
the airflow direction D. Therefore, in the cascade refrig-
eration cycle apparatus 1, the first heat exchanger 26 has
a first region R1 overlapping the condenser 104 in the
airflow direction D and a second region R2 not over-
lapping the condenser 104 in the airflow direction D. In
FIG. 3, the portion hatched with diagonal lines corre-
sponds to the first region R1 of the first heat exchanger
26, and the portion hatched with dots corresponds to the
second region R2 of the first heat exchanger 26.
[0101] In the present embodiment, the condenser 104
is disposed on the windward side of the first heat ex-
changer 26 in the airflow direction D generated by the fan
40. Therefore, when the first heat exchanger 26 and the
condenser 104 are disposed to overlap each other in the
airflow direction D, in the first heat exchanger 26, the air
that has exchanged heat with the first refrigerant in the
condenser 104 exchanges heat with the second refrig-
erant. Therefore, in the portion where the first heat ex-
changer 26 and the condenser 104 are disposed to over-
lap each other in the airflow direction D, the heat ex-
change efficiency is deteriorated as compared with the
case where the second refrigerant directly exchanges
heat with the heat source air (outside air). However, in the
present embodiment, since the second region R2 exists,
in at least a part of the region of the first heat exchanger
26, the second refrigerant can directly exchange heat
with the heat source air (outside air) not having exchange
heat with the first refrigerant, and a decrease in heat
exchange efficiency of the first heat exchanger 26 can
be reduced as a whole.
[0102] Note that the shape, size, and arrangement of
the condenser 104 are not limited to those depicted in
FIGS. 2A, 2B, and 3. For example, the condenser 104
may adopt the following shape, size, and arrangement.

<Second example>

[0103] FIG. 4A is a schematic rear view of the first heat
exchanger 26 and the condenser 104 according to a
second example when viewed from the rear face. FIG.4B
is a plan view of the inside of the heat source unit 20
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including the first exchanger 26 and the condenser 104
according to the second example, the plan view sche-
matically illustrating an arrangement of the first heat
exchanger 26, the condenser 104, and the fan 40 in
the heat source unit 20. The first heat exchanger 26
according to the second example, which is similar to
the first heat exchanger 26 according to the first example,
will not be described here.
[0104] Similarly to the condenser 104 according to the
first example in FIG. 2A, the condenser 104 according to
the second example in FIG. 4A includes a large number
of heat transfer tubes 104a aligned in the up-down direc-
tion, a large number of fins (not illustrated) attached to the
heat transfer tubes 104a, and a pair of tube plates 104p to
which the heat transfer tubes 104a are attached and that
support the attached heat transfer tubes 104a.
[0105] However, the condenser 104 according to the
second example in FIG. 4A has an L shape when viewed
from above, similarly to the heat transfer tube 26a de-
picted in FIG. 2A (see FIG. 4B). The heat transfer tube
104a extends from near the machine chamber S1 to near
the left rear corner of the housing 23, changes the direc-
tion near the left rear corner of the housing 23, and
extends forward. If sufficient heat can be exchanged
between the first refrigerant and the heat source air,
the condenser 104 according to the second example in
FIG. 4B may also have an I-shape in plan view, similarly to
the condenser 104 according to the first example in FIG.
2A.
[0106] The condenser 104 in FIG. 4A is lower in height
than the condenser 104 depicted in FIG. 3, and the
condenser 104 is disposed upstream of the first heat
exchanger 26 in the airflow direction D so as to overlap
only at a lower part of the first heat exchanger 26. Here,
the first region R1 of the first heat exchanger 26 over-
lapping the condenser 104 in the airflow direction D is
formed below the second region R2 of the first heat
exchanger 26 not overlapping the condenser 104 in
the airflow direction D.

<Third example>

[0107] FIG. 5A is a schematic rear view of the first heat
exchanger 26 and the condenser 104 according to a third
example when viewed from the rear face. FIG.5B is a plan
view of the inside of the heat source unit 20 including the
first exchanger 26 and the condenser 104 according to
the second example, the plan view schematically illus-
trating an arrangement of the first heat exchanger 26, the
condenser 104, and the fan 40 in the heat source unit 20.
The first heat exchanger 26 according to the third exam-
ple, which is similar to the first heat exchanger 26 accord-
ing to the first example, will not be described here.
[0108] Similarly to the condenser 104 according to the
second example in FIG. 4A, the condenser 104 accord-
ing to the third example in FIG. 5A includes a large
number of heat transfer tubes 104a aligned in the up-
down direction, a large number of fins (not illustrated)

attached to the heat transfer tubes 104a, and a pair of
tube plates 104p to which the heat transfer tubes 104a
are attached and that support the attached heat transfer
tubes 104a. The condenser 104 according to the third
example in FIG. 5A has an L shape when viewed from
above, similarly to the heat transfer tube 26a depicted in
FIG. 2A (see FIG. 5B). The heat transfer tube 104a
extends from near the machine chamber S 1 to near
the left rear corner of the housing 23, changes the direc-
tion near the left rear corner of the housing 23, and
extends forward. If sufficient heat can be exchanged
between the first refrigerant and the heat source air,
the condenser 104 according to the third example in
FIG. 5B may also have an I-shape in plan view, similarly
to the condenser 104 according to the first example in
FIG. 2A.
[0109] The condenser 104 in FIG. 5A is disposed up-
stream of the first heat exchanger 26 in the airflow direc-
tion D so as to overlap only at an upper part of the first heat
exchanger 26. Here, the first region R1 of the first heat
exchanger 26 overlapping the condenser 104 in the air-
flow direction D is formed above the second region R2 of
the first heat exchanger 26 not overlapping the conden-
ser 104 in the airflow direction D.
[0110] Although illustration and detailed description
are omitted, as another example, the condenser 104
may be disposed upstream of the first heat exchanger
26 in the airflow direction D only in a central part of the first
heat exchanger 26 in the up-down direction.

<Fourth example>

[0111] In the first to third examples, the condenser 104
and the first heat exchanger 26 are separate heat ex-
changers (not sharing components such as a tube plate
and a fin), but the present disclosure is not limited to these
examples. The condenser 104 and the first heat exchan-
ger 26 may share a fin (heat transfer fin) as follows. In
other words, the heat transfer tube 104a (first heat trans-
fer tube) of the condenser 104 and the heat transfer tube
26a (second heat transfer tube) of the first heat exchan-
ger 26 may be inserted into the same fin 26b.
[0112] The condenser 104 and the first heat exchanger
26 according to a fourth example will be described with
reference to FIGS. 6 to 8. FIG. 6 is a plan view of the inside
of the heat source unit schematically illustrating an ar-
rangement of the first heat exchanger 26 and the con-
denser 104 (integrated heat exchanger 200) sharing a fin
in the fourth example. FIG. 7A is a schematic diagram of a
tube plate 26c of the first heat exchanger 26 and a tube
plate 104c of the condenser 104 according to the fourth
example. FIG. 7B is a schematic diagram of the first heat
exchanger 26 and the tube plate 26c (common tube
plate) of the condenser 104 according to a modification
of the fourth example. FIG. 8 is a schematic diagram of a
fin 26b of the first heat exchanger 26 and the condenser
104 according to the fourth example.
[0113] Here, the condenser 104 and the first heat ex-
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changer 26 using a common fin are collectively referred
to as the integrated heat exchanger 200. Note that FIGS.
7 to 8 are drawings for description, and do not limit the
number (the number of heat transfer tubes depicted by
circles), the shape, and the like of the heat transfer tubes
included in the integrated heat exchanger 200 in FIGS. 7
to 8.
[0114] The integrated heat exchanger 200 includes a
large number of heat transfer tubes aligned in the up-
down direction, a large number of fins 26b attached to the
heat transfer tubes, and a pair of tube plates to which the
heat transfer tubes are attached and that support the
attached heat transfer tubes.
[0115] The heat transfer tubes of the integrated heat
exchanger 200 have an L shape when viewed from
above. As illustrated in FIG. 6, the heat transfer tube of
the integrated heat exchanger 200 extends from near the
machine chamber S1 to near the left rear corner of the
housing 23, changes the direction near the left rear
corner of the housing 23, and extends forward to near
the left front corner of the housing 23. In the integrated
heat exchanger 200, the heat transfer tubes aligned in the
up-down direction are aligned in a plurality of rows in the
airflow direction D generated by the fan 40. For example,
in the integratedheat exchanger 200 illustrated in FIGS. 7
and 8, four rows of heat transfer tubes are aligned in the
airflow direction D. However, the number of rows of heat
transfer tubes of the integrated heat exchanger 200 may
be two, three, or five or more.
[0116] In the integrated heat exchanger 200, some of
the heat transfer tubes (in FIGS. 6 and 7, the heat transfer
tubes depicted as circles not hatched) are used as the
heat transfer tubes 26a of the first heat exchanger 26, and
the remaining heat transfer tubes (in FIGS. 7 and 8, the
heat transfer tubes depicted by hatched circles) are used
as the heat transfer tubes 104a of the condenser 104. In
the integrated heat exchanger 200, the condenser 104 is
disposed on the windward side of the first heat exchanger
26 functioning as a radiator during the cooling operation
in the airflow direction D. In other words, in the integrated
heat exchanger 200, in the airflow direction D, the heat
transfer tubes 104a are disposed upstream of the heat
transfer tubes 26a, and the heat transfer tubes 26a are
not disposed downstream of the heat transfer tubes
104a.
[0117] In the examples of FIGS. 7 to 8, the heat transfer
tube disposed the most upstream in the airflow direction
D and disposed at a lower part is used as the heat transfer
tube 104a. However, as long as a structure in which the
condenser 104 is disposed on the windward side of the
first heat exchanger 26 can be achieved, which heat
transfer tube of the integrated heat exchanger 200 is
used as the heat transfer tube 104a may be appropriately
determined.
[0118] In the integrated heat exchanger 200, the fin
26b is preferably common between the condenser 104
and the first heat exchanger 26, but the tube plate is
preferably not common. The tube plate is a metal plate-

shaped member provided with a hole through which the
heat transfer tube is inserted. The tube plate of the
integrated heat exchanger 200 will be described with
reference to FIG. 7A.
[0119] The integrated heat exchanger 200 preferably
includes the tube plate 104c (tube plate 104c through
which the heat transfer tube 104a is inserted and that
supports the heat transfer tube 104a), made of metal, for
the condenser 104. The integrated heat exchanger 200
preferably includes the tube plate 26c (tube plate 26c
through which the heat transfer tube 26a is inserted and
which supports the heat transfer tube 26a), made of
metal, for the first heat exchanger 26. The tube plate
104c and the tube plate 26c are separate members. The
tube plate 104c and the tube plate 26c are not in contact
with each other. Such a configuration can suppress heat
conduction between the first refrigerant flowing through
the heat transfer tube 104a and the second refrigerant
flowing through the heat transfer tube 26a via the metal
tube plate.
[0120] Although the condenser 104 and the first heat
exchanger 26 preferably have tube plates that are sepa-
rate members, the condenser 104 and the first heat
exchanger 26 may have the common tube plate 26c as
illustrated in FIG. 7B.
[0121] Next, the fin 26b of the integrated heat exchan-
ger 200 common to the condenser 104 and the first heat
exchanger 26 will be described with reference to FIG. 8.
The fin 26b is a metal plate-shaped member provided
with a hole through which the heat transfer tube is in-
serted. The fin 26b is used for improving the heat ex-
change efficiency of the condenser 104 and the inte-
grated heat exchanger 200. The fin 26b is a plate-shaped
member expanding in the up-down direction and a direc-
tion along the airflow direction D.
[0122] By sharing the fin 26b by the condenser 104 and
the first heat exchanger 26 (by inserting the heat transfer
tube 104a of the condenser 104 and the heat transfer
tube 26a of the first heat exchanger 26 into the same fin
26b), a manufacturing process of the condenser 104 and
the first heat exchanger 26 can be simplified. However, by
sharing the fin 26b by the condenser 104 and the first heat
exchanger 26, the first refrigerant flowing through the
heat transfer tubes 104a and the second refrigerant
flowing through the heat transfer tubes 26a exchange
heat via the fin 26b, and there is a possibility that the
efficiency of the cascade refrigeration cycle apparatus 1
is reduced.
[0123] In order to reduce such a reduction in efficiency,
the fin 26b is provided with a slit 26d formed between a
through portion 26bb of the heat transfer tube 104a and a
through portion 26ba of the heat transfer tube 26a.
[0124] In FIG. 8, the slit 26d extending in the up-down
direction is formed in the fin 26b. Alternatively, the slit 26d
having a shape other than the shape extending in the up-
down direction may be formed in the fin 26b. For exam-
ple, in addition to the slit 26d extending in the up-down
direction, a slit extending in the airflow direction D be-
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tween the through portion 26bb of the heat transfer tube
104a and the through portion 26ba of the heat transfer
tube 26a may be formed in the fin 26b.

(3) Characteristic

[0125] (3‑1)
The cascade refrigeration cycle apparatus 1 includes the
fan 40, the first cycle 100, the second cycle 10, and the
cascade heat exchanger 30. In the first cycle 100, the first
refrigerant having a critical point of 40°C or higher circu-
lates. The first cycle 100 includes the condenser 104 in
which air supplied by the fan 40 and the first refrigerant
exchange heat. In the second cycle 10, carbon dioxide
(CO2) as the second refrigerant circulates. The second
cycle 10 includes the first heat exchanger 26 in which the
air supplied by the fan 40 and the second refrigerant
exchange heat. In the cascade heat exchanger 30 as
an example of a heat exchanger in the claims, the first
refrigerant and the second refrigerant exchange heat.
The condenser 104 is disposed on the windward side of
the first heat exchanger 26 in a first direction (airflow
direction D) that is a direction of an airflow generated by
the fan 40.
[0126] In the cascade refrigeration cycle apparatus 1,
air heated by exchanging heat with CO2 does not ex-
change heat with the first refrigerant flowing through the
condenser 104 in the first cycle 100, but air before ex-
changing heat with CO2 exchanges heat with the first
refrigerant flowing through the condenser 104 in the first
cycle 100. Therefore, the cascade refrigeration cycle
apparatus 1 can improve the heat exchange efficiency
in the condenser 104.
[0127] Meanwhile, in the cascade refrigeration cycle
apparatus 1, CO2 flowing through the first heat exchan-
ger 26 in a low-side cycle at least locally exchanges heat
with air having exchanged heat with the first refrigerant.
However, as indicated by a thermal cycle in the Mollier
diagram of FIG. 12, CO2 is a refrigerant in which the heat
exchange efficiency deteriorates under the condition of
high outside air (see the thermal cycle when outside air
temperature changes to 20°C, 30°C, and 40°C). As illu-
strated in FIG. 12, the efficiency of the CO2 refrigerant is
poor under the condition of high outside air by nature.
Therefore, even if the air heated by exchanging heat with
the first refrigerant is supplied to the first heat exchanger
26, the influence on the overall efficiency is smaller than
when the air heated by exchanging heat with CO2 ex-
changes heat with the first refrigerant flowing through the
condenser 104 in the first cycle 100.
[0128] Incidentally, by arranging the condenser 104
and the first heat exchanger 26 so as not to overlap each
other, the efficiency is improved. However, in this case,
other problems occur, such as an increase in installation
space of the condenser 104 and the first heat exchanger
26, and the need for different fans for the condenser 104
and the first heat exchanger 26. Meanwhile, the cascade
refrigeration cycle apparatus 1 can improve the efficiency

while suppressing an increase in installation space and
an increase in necessary equipment.
[0129] In the cascade refrigeration cycle apparatus 1,
the critical point of the first refrigerant is preferably 50°C
or higher.
[0130] When the critical point of the first refrigerant is
50°C or higher, the cascade refrigeration cycle apparatus
1 with efficiency can be achieved even in an environment
where the temperature of the air that exchanges heat with
the condenser 104 is high.
[0131] (3‑2)
In the cascade refrigeration cycle apparatus 1, the first
heat exchanger 26 has the first region R1 overlapping the
condenser 104 in the airflow direction D and the second
region R2 not overlapping the condenser 104 in the air-
flow direction D.
[0132] In the cascade refrigeration cycle apparatus 1,
the first heat exchanger 26 has the second region R2 not
overlapping the condenser 104 in the airflow direction D.
Therefore, even the first heat exchanger 26 installed on a
leeward side of the condenser 104 can achieve relatively
high heat exchange efficiency in the region not overlap-
ping the condenser 104.
[0133] However, the presence of the second region R2
is preferable but not essential, and the first heat exchan-
ger 26 of the cascade refrigeration cycle apparatus 1 may
have only the first region R1.
[0134] (3‑3)
In the cascade refrigeration cycle apparatus 1, the con-
denser 104 has the inlet 104i as an example of a first inlet
through which the first refrigerant flows into. The first heat
exchanger 26 has the inlet 26i as an example of a second
inlet through which the second refrigerant flows into. The
inlet 26i is disposed near the inlet 104i.
[0135] Among the first refrigerants flowing in the con-
denser 104, the first refrigerant flowing through the inlet
104i of the condenser 104 located the most upstream has
the highest temperature. Therefore, the temperature of
air that has exchanged heat with the first refrigerant
flowing through the inlet 104i of the condenser 104 tends
to be relatively high. When the second refrigerant flowing
through the first heat exchanger 26 functioning as a
radiator exchanges heat with such relatively high-tem-
perature air, a heat exchange efficiency tends to de-
crease as compared with the case of exchanging heat
with relatively low-temperature air.
[0136] In order to reduce such a decrease in heat
exchange efficiency, the inlet 104i of the condenser
104 and the inlet 26i of the first heat exchanger 26 are
preferably disposed close to each other. Among the
second refrigerants flowing in the first heat exchanger
26 as a radiator, the temperature of the second refrigerant
is the highest at the inlet 26i of the first heat exchanger 26
located the most upstream. Therefore, even when the
temperature of the air that has exchanged heat with the
first refrigerant flowing through the inlet 104i of the con-
denser 104 is relatively high, a decrease in the heat
exchange efficiency of the first heat exchanger 26 as a
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radiator is easily reduced.
[0137] In the cascade refrigeration cycle apparatus 1,
since the inlet 104i of the condenser 104 and the inlet 26i
of the first heat exchanger 26 are disposed close to each
other, the pipes in the first cycle 100 and the second cycle
10 can be easily installed.
[0138] (3‑4)
In the cascade refrigeration cycle apparatus 1, the fan 40
includes the impeller 42. The condenser 104 at least
partially overlaps the impeller 42 when viewed in the
axial direction of the axis O of the impeller 42.
[0139] In the cascade refrigeration cycle apparatus 1, it
is easy to sufficiently radiate heat from the first refrigerant
in the condenser 104.
[0140] (3‑5)
In the cascade refrigeration cycle apparatus 1 including
the first heat exchanger 26 and the condenser 104 ac-
cording to the fourth example, the condenser 104 in-
cludes the heat transfer tube 104a as an example of a
first heat transfer tube, and the first heat exchanger 26
includes the heat transfer tube 26a as an example of a
second heat transfer tube. The heat transfer tube 104a
and the heat transfer tube 26a are inserted into the fin 26b
being common to each other. The fin 26b is provided with
the slit 26d formed between the through portion 26bb of
the heat transfer tube 104a and the through portion 26ba
of the heat transfer tube 26a.
[0141] In the cascade refrigeration cycle apparatus 1,
heat conduction between the condenser 104 and the first
heat exchanger 26 via the fins 26b is easily reduced.
[0142] (3‑6)
In the cascade refrigeration cycle apparatus 1 including
the first heat exchanger 26 and the condenser 104 ac-
cording to the first to third examples, the condenser 104
includes the tube plate 104p made of metal as an ex-
ample of a first tube plate. The heat transfer tube 104a is
inserted through the tube plate 104p, and the tube plate
104p supports the heat transfer tube 104a. The first heat
exchanger 26 includes the tube plate 26p made of metal
as an example of a second tube plate. The heat transfer
tube 26a is inserted through the tube plate 26p, and the
tube plate 26p supports the heat transfer tube 26a. The
tube plate 104p and the tube plate 26p are separate
members.
[0143] In the cascade refrigeration cycle apparatus 1
including the first heat exchanger 26 and the condenser
104 according to the fourth example, the condenser 104
includes the tube plate 104c made of metal as an ex-
ample of a first tube plate. The heat transfer tube 104a is
inserted through the tube plate 104c, and the tube plate
104c supports the heat transfer tube 104a. The first heat
exchanger 26 includes the tube plate 26c made of metal
as an example of a second tube plate. The heat transfer
tube 26a is inserted through the tube plate 26c, and the
tube plate 26c supports the heat transfer tube 26a. The
tube plate 104c and the tube plate 26c are separate
members.
[0144] Therefore, in the cascade refrigeration cycle

apparatus 1, heat conduction between the condenser
104 and the first heat exchanger 26 is easily reduced.

(4) Modifications

(4‑1) Modification A

[0145] In the above embodiment, the heat source unit
20 here is a side-blowing heat exchange unit that takes in
air from an opening provided on the rear face and the left
face of the housing 23 and blows out air having ex-
changed heat with the first refrigerant in the condenser
104 or air having exchanged heat with the second re-
frigerant in the first heat exchanger 26 from an opening
provided on the front face of the housing 23.
[0146] However, the type of the heat source unit 20 is
not limited to the side-blowing type.
[0147] For example, as illustrated in FIGS. 9A and 9B,
the heat source unit 20 may be a top-blowing heat source
unit. FIG. 9A is a schematic side view of the inside of the
heat source unit 20 schematically illustrating an example
of the arrangement of the first heat exchanger 26, the
condenser 104, and the fan 40 of the heat source unit 20
according to Modification A, and FIG. 9B is a schematic
side view of the inside of the heat source unit 20 sche-
matically illustrating another example of arrangement of
the first heat exchanger 26, the condenser 104, and the
fan 40 of the heat source unit 20 according to Modification
A. FIG. 9C is a schematic side view of the inside of the
heat source unit 20, illustrating still another example of
the arrangement of the first heat exchanger 26, the con-
denser 104, and the fan 40 of the heat source unit 20
according to Modification A.
[0148] As illustrated in FIGS. 9A to 9C, in heat source
unit 20 according to Modification A, the fan 40 is disposed
above the first heat exchanger 26 and the condenser 104.
In the heat source unit 20 according to Modification A, in
each of the first heat exchanger 26 and the condenser
104, the heat transfer tubes 26a and 104a extending in a
horizontal direction are aligned in the up-down direction.
In the heat source unit 20 in FIGS. 9A and 9B, when the
fan 40 is operated in the heat source unit 20, air is taken in
from an opening provided on a side surface of the hous-
ing 23 and passes through the condenser 104 and the
first heat exchanger 26. The air having exchanged heat
with the first refrigerant in the condenser 104 and the air
having exchanged heat with the second refrigerant in the
first heat exchanger 26 is blown upward from an opening
provided in an upper surface of the housing 23.
[0149] In the heat source unit 20 according to Modifi-
cation A, the condenser 104 is preferably disposed at a
position at least partially overlapping the upper part of the
first heat exchanger 26 in the airflow direction D. Here,
the upper part of the first heat exchanger 26 means a part
from an upper end to 0.5 H below the upper end (that is,
an upper half) of the first heat exchanger 26, with respect
to a total height H from the upper end to a lower end of the
first heat exchanger 26. The airflow direction D here
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means a direction being generally horizontal and a direc-
tion from the outside to the inside of the housing 23 (for
example, a direction from the front to the rear on the front
face of the housing 23).
[0150] Specifically, in the heat source unit 20 according
to Modification A, for example, as illustrated in FIG. 9A,
the condenser 104 is disposed so as to overlap the first
heat exchanger 26 at a height position excluding a part of
the lower part of the first heat exchanger 26 in the airflow
direction D. In the top-blowing heat source unit, a wind
speed increases at the upper part close to the fan 40.
Therefore, when the arrangement as illustrated in FIG.
9A is adopted in the condenser 104, even if the length of
the condenser 104 in the height direction is reduced as
compared with the first heat exchanger 26, a sufficient
amount of air is easily supplied to the condenser 104.
[0151] However, the present disclosure is not limited to
this arrangement. For example, as illustrated in FIG. 9B,
the condenser 104 may be disposed so as to overlap the
entire first heat exchanger 26 in the airflow direction D. In
addition, as illustrated in FIG. 9C, the condenser 104 may
be disposed so as to overlap the first heat exchanger 26
at a height position excluding a part of the upper part of
the first heat exchanger 26 in the airflow direction D. In the
arrangement as illustrated in FIG. 9C, the condenser 104
is preferably disposed at a position at least partially over-
lapping the upper part of the first heat exchanger 26 in the
airflow direction D. Although not illustrated, the conden-
ser 104 may be disposed at a part of a height position at
which the first heat exchanger 26 is disposed, the height
position being different from the position illustrated in
FIGS. 9A and 9C.
[0152] In the heat source unit 20 according to Modifi-
cation A, as illustrated in a schematic plan view of the heat
source unit 20 in FIG. 10, the first heat exchanger 26 has
a C shape when viewed in top view. However, the shape
of the first heat exchanger 26 of the heat source unit 20
according to Modification A is not limited to a C shape in
top view. Alternatively, for example, the shape of the first
heat exchanger 26 of the heat source unit 20 according to
Modification A may be a quadrangular shape in top view.
[0153] In the heat source unit 20 according to Modifi-
cation A, as illustrated in FIG. 10, the condenser 104 is
disposed at a position corresponding to a part of the first
heat exchanger 26 in top view, on the windward side of
the first heat exchanger 26 functioning as a radiator
during the cooling operation in the airflow direction D
generated by the fan 40. The present disclosure is not
limited to this arrangement, and the condenser 104 may
be disposed at a position corresponding to the entire first
heat exchanger 26 in top view, on the windward side of
the first heat exchanger 26 functioning as a radiator
during the cooling operation in the airflow direction D
generated by the fan 40. It should be noted that how much
the condenser 104 overlaps the first heat exchanger 26 in
top view may be appropriately determined as necessary.
[0154] Note that, to the heat source unit 20 according to
Modification A, the characteristics of the first heat ex-

changer 26 and the condenser 104 according to the first
example of the above embodiment may be applied, or the
characteristics of the first heat exchanger 26 and the
condenser 104 according to the second to fourth exam-
ples of the above embodiment may be applied.
[0155] The characteristics of the cascade refrigeration
cycle apparatus 1 according to Modification A other than
the cascade refrigeration cycle apparatus 1 according to
the above embodiment will be described.
[0156] In the cascade refrigeration cycle apparatus 1,
the fan 40 blows out air having passed through the
condenser 104 and the first heat exchanger 26 upward.
The condenser 104 is disposed at a position at least
partially overlapping the upper part of the first heat ex-
changer 26.
[0157] In the top-blowing heat source unit 20, the wind
speed increases at the upper part close to the fan 40.
[0158] In the cascade refrigeration cycle apparatus 1
according to Modification A, the condenser 104 is dis-
posed at a position at least partially overlapping an upper
part of the first heat exchanger 26. Accordingly, heat of
the first refrigerant can be efficiently exchanged in the
condenser 104.
[0159] The embodiment of the present disclosure has
been described above. It will be understood that various
changes to modes and details can be made without
departing from the gist and scope of the present disclo-
sure recited in the claims.

REFERENCE SIGNS LIST

[0160]

1: cascade refrigeration cycle apparatus
10: second cycle
26: first heat exchanger (radiator)
26a: heat transfer tube (second heat transfer tube)
26b: fin
26c: tube plate (second tube plate)
26d: slit
26i: inlet (second inlet)
30: cascade heat exchanger (heat exchanger)
40: fan
42: impeller
100: first cycle
104: condenser
104a: heat transfer tube (first heat transfer tube)
104c: tube plate (first tube plate)
104i: inlet (first inlet)
D: airflow direction (first direction)
R1: first region
R2: second region
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Claims

1. A cascade refrigeration cycle apparatus (1) compris-
ing:

a fan (40);
a first cycle (100) through which a first refrigerant
having a critical point of 40°C or higher circulates
and that includes a condenser (104) in which air
supplied by the fan and the first refrigerant ex-
change heat;
a second cycle (10) through which carbon diox-
ide circulates as a second refrigerant and that
includes a radiator (26) in which air supplied by
the fan and the second refrigerant exchange
heat; and
a heat exchanger (30) in which the first refriger-
ant and the second refrigerant exchange heat,
wherein
the condenser is disposed on a windward side of
the radiator in a first direction (D) that is a direc-
tion of an airflow generated by the fan.

2. The cascade refrigeration cycle apparatus accord-
ing to claim 1, wherein the radiator includes a first
region (R1) overlapping the condenser in the first
direction and a second region (R2) not overlapping
the condenser in the first direction.

3. The cascade refrigeration cycle apparatus accord-
ing to claim 1 or 2, wherein

the condenser has a first inlet (104i) through
which the first refrigerant flows into,
the radiator has a second inlet (26i) through
which the second refrigerant flows into, and
the second inlet is disposed near the first inlet.

4. The cascade refrigeration cycle apparatus accord-
ing to any one of claims 1 to 3, wherein

the fan includes an impeller (42), and
the condenser at least partially overlaps the
impeller when viewed in an axial direction of
the impeller.

5. The cascade refrigeration cycle apparatus accord-
ing to any one of claims 1 to 4, wherein
the condenser includes a first heat transfer tube
(104a),

the radiator includes a second heat transfer tube
(26a),
the first heat transfer tube and the second heat
transfer tube are inserted into a fin (26b) being
common to each other, and
the fin is provided with a slit (26d) formed be-
tween a through portion of the first heat transfer

tube and a through portion of the second heat
transfer tube.

6. The cascade refrigeration cycle apparatus accord-
ing to claim 5, wherein

the condenser further includes a first tube plate
(104c), made of metal, through which the first
heat transfer tube is inserted and that supports
the first heat transfer tube,
the radiator further includes a second tube plate
(26c), made of metal, through which the second
heat transfer tube is inserted and that supports
the second heat transfer tube, and
the first tube plate and the second tube plate are
separate members.

7. The cascade refrigeration cycle apparatus accord-
ing to any one of claims 1 to 3, 5, or 6, wherein

the fan blows out air having passed through the
condenser and the radiator upward, and
the condenser is disposed at a position at least
partially overlapping an upper part of the radia-
tor.
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