EP 4 421 410 A1

(19) Europdisches

: Patentamt

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

EP 4 421 410 A1

European
Patent Office

Office européen

des brevets (1 1 )

(51) International Patent Classification (IPC):

(43) Date of publication:
28.08.2024 Bulletin 2024/35

(21) Application number: 21961455.9

(22) Date of filing: 22.10.2021

F25B 7/00 (2006.0%)

(562) Cooperative Patent Classification (CPC):

F25B 7/00

(86) International application number:

PCT/JP2021/039135

(87) International publication number:

WO 2023/067807 (27.04.2023 Gazette 2023/17)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(71) Applicant: MITSUBISHI ELECTRIC
CORPORATION
Chiyoda-ku
Tokyo 100-8310 (JP)

(72) Inventors:
* NISHIYAMA, Takumi
Tokyo 100-8310 (JP)

¢ ISHIKAWA, Tomotaka
Tokyo 100-8310 (JP)
* ISHIHARA, Nobuya
Tokyo 100-8310 (JP)
¢ YASHIRO, Takanori
Tokyo 100-8310 (JP)
¢ IUCHI, Hiroya
Tokyo 100-8310 (JP)
¢ ONO, Hideki
Tokyo 100-8310 (JP)

(74) Representative: Pfenning, Meinig & Partner mbB

Patent- und Rechtsanwalte
Joachimsthaler StraBe 10-12
10719 Berlin (DE)

(54) BINARY REFRIGERATION DEVICE

(57)  Abinary refrigeration apparatus (10) comprises:
a first refrigeration cycle (1) in which a first refrigerant
circulates, the first refrigeration cycle (1) comprising a
first compressor (11), a condensation device (12), a first
expansion valve (13), and a cascade heat exchanger (3);
and a second refrigeration cycle (2) in which a second
refrigerant circulates, the second refrigeration cycle (2)
comprising a second compressor (21), the cascade heat
exchanger (3), a second expansion valve (23), and an
evaporator (24). The cascade heat exchanger (3) is used
as an evaporator unit (31) in the first refrigeration cycle
(1) and as a condenser unit (32) in the second refriger-
ation cycle (2) by performing heat exchange between the
first refrigerant and the second refrigerant. The conden-
sation device (12) comprises a first heat exchanger unit

(121) configured to condense the first refrigerant, and a
second heat exchanger unit (122) configured to con-
dense or evaporate the first refrigerant. The binary re-
frigeration apparatus (10) further comprises a switching
device (80) configured to switch a state of the second
heat exchanger unit (122) between a first state in which
the first refrigerant is condensed and a second state in
which the first refrigerant is evaporated. In a first opera-
tion for performing cooling by the evaporator (24) in the
second refrigeration cycle (2), the switching device (80)
is configured to bring the second heat exchanger unit
(122) into the first state, and in a second operation for
suppressing a pressure in the second refrigeration cycle
(2), the switching device (80) is configured to bring the
second heat exchanger unit (122) into the second state.

Processed by Luminess, 75001 PARIS (FR)

(Cont. next page)



EP 4 421 410 A1

25




1 EP 4 421 410 A1 2

Description
TECHNICAL FIELD

[0001] The present disclosure relates to a binary re-
frigeration apparatus.

BACKGROUND ART

[0002] Conventionally, as a refrigeration apparatus for
performing cooling in a low-temperature range such as
minus several ten degrees, there has been employed a
binary refrigeration apparatus having a first refrigeration
cycle for circulating a first refrigerant on the high-temper-
ature side and a second refrigeration cycle for circulating
a second refrigerant on the low-temperature side. The
first refrigeration cycle is referred to as "high-stage re-
frigeration cycle". The second refrigeration cycle is re-
ferred to as "low-stage refrigeration cycle".

[0003] Inthe binary refrigeration apparatus, a cascade
condenser is provided. The cascade condenser includes
an evaporator in the first refrigeration cycle and a con-
denser in the second refrigeration cycle, and is config-
ured to perform heat exchange between the first refrig-
erant and the second refrigerant. In the binary refrigera-
tion apparatus, a multi-stage refrigeration cycle is formed
in which the first refrigeration cycle is coupled to the sec-
ond refrigeration cycle by the cascade condenser.
[0004] Such a binary refrigeration apparatus is dis-
closed in PTL 1. In the binary refrigeration apparatus dis-
closed in PTL 1, a natural circulation circuit is provided
to circulate arefrigerant between the cascade condenser
and a liquid receiver in the low-stage refrigeration cycle.
[0005] In the binary refrigeration apparatus disclosed
in PTL 1, when the low-stage refrigeration cycle is
stopped, the high-stage refrigeration cycle is operated in
order to suppress pressure increase in the low-stage re-
frigeration cycle. Thus, in the binary refrigeration appa-
ratus, the refrigerant in the low-stage refrigeration cycle
is cooled by the cascade condenser when the low-stage
refrigeration cycle is stopped. Then, in the binary refrig-
eration apparatus, the refrigerant cooled by the cascade
condenser is supplied to the liquid receiver in the low-
stage refrigeration cycle. In the binary refrigeration ap-
paratus, a vapor refrigerant included in the refrigerant
stored in the liquid receiver is supplied to the cascade
condenser, with the result that the refrigerant circulates
in the natural circulation circuit.

[0006] Thus, PTL 1 discloses that when the low-stage
refrigeration cycle is stopped, not only the high-stage re-
frigeration cycle is operated but also the refrigerant
cooled by the cascade condenser is naturally circulated,
thereby suppressing pressure increase in the low-stage
refrigeration cycle when the low-stage refrigeration cycle
is stopped.
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CITATION LIST
PATENT LITERATURE

[0007] PTL 1: WO 2018/198203

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0008] However, in the high-stage refrigeration cycle
that is the first refrigeration cycle, each of various types
of devices is configured to have a capacity required for
a normal cooling operation in the binary refrigeration ap-
paratus. Therefore, in the conventional binary refrigera-
tion apparatus as disclosedin PTL 1, a capacity for evap-
orating the refrigerant by an evaporator included in the
cascade heat exchanger in the high-stage refrigeration
cycle that is the first refrigeration cycle is insufficient dur-
ing a pressure suppression operation for suppressing
pressure increase in the low-stage refrigeration cycle
when the low-stage refrigeration cycle that is the second
refrigeration cycle is stopped. Thus, in the conventional
binary refrigeration apparatus disclosed in PTL 1, an op-
eration state of the high-stage refrigeration cycle that is
the first refrigeration cycle becomes unstable, disadvan-
tageously.

[0009] A binary refrigeration apparatus of the present
disclosure is to solve the above-described problem and
has an object to stabilize an operation state of a first
refrigeration cycle when a second refrigeration cycle is
stopped in the binary refrigeration apparatus.

SOLUTION TO PROBLEM

[0010] The present disclosure relates to a binary re-
frigeration apparatus. The binary refrigeration apparatus
comprises: a first refrigeration cycle in which a first re-
frigerant circulates, the first refrigeration cycle compris-
ing a first compressor, a condensation device, a first ex-
pansion valve, and a cascade heat exchanger; and a
second refrigeration cycle in which a second refrigerant
circulates, the second refrigeration cycle comprising a
second compressor, the cascade heat exchanger, a sec-
ond expansion valve, and a second evaporator. The cas-
cade heat exchanger is used as a first evaporator in the
first refrigeration cycle and as a second condenser in the
second refrigeration cycle by performing heat exchange
between the first refrigerant and the second refrigerant.
The condensation device comprises a firstheat exchang-
er unit configured to condense the first refrigerant, and
a second heat exchanger unit configured to condense or
evaporate the first refrigerant. The binary refrigeration
apparatus further comprises a switching device config-
ured to switch a state of the second heat exchanger unit
between a first state in which the first refrigerant is con-
densed and a second state in which the first refrigerant
is evaporated. In a first operation for performing cooling
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by the second evaporator in the second refrigeration cy-
cle, the switching device is configured to bring the second
heat exchanger unit into the first state, and in a second
operation for suppressing a pressure in the second re-
frigeration cycle, the switching device is configured to
bring the second heat exchanger unit into the second
state.

ADVANTAGEOUS EFFECTS OF INVENTION

[0011] According to the binary refrigeration apparatus
ofthe presentdisclosure, in the second operation for sup-
pressing the pressure of the second refrigeration cycle,
the second heat exchanger unit of the condensation de-
vice is switched by the switching device to the second
state in which the first refrigerant is evaporated, so that
a capacity for evaporating the first refrigerant in the first
refrigeration cycle is increased in the second operation
for suppressing the pressure of the second refrigeration
cycle, thereby stabilizing an operation state of the first
refrigeration cycle when the second refrigeration cycle is
stopped.

BRIEF DESCRIPTION OF DRAWINGS
[0012]

Fig. 1 is an overall configuration diagram of a binary
refrigeration apparatus 10 according to a first em-
bodiment.

Fig. 2 is an overall configuration diagram of binary
refrigeration apparatus 10 according to the first em-
bodiment.

Fig. 3 is a block diagram showing an exemplary con-
trol configuration according to binary refrigeration
apparatus 10 of the first embodiment.

Fig. 4 is a flowchart of function switching control for
a second heat exchanger unit 122 in a pressure in-
crease suppression operation.

Fig. 5 is an overall configuration diagram of a binary
refrigeration apparatus 10A according to a second
embodiment.

Fig. 6 is an overall configuration diagram of binary
refrigeration apparatus 10A according to the second
embodiment.

Fig. 7 is an overall configuration diagram of a binary
refrigeration apparatus 10B according to a third em-
bodiment.

Fig. 8 is an overall configuration diagram of binary
refrigeration apparatus 10B according to the third
embodiment.

Fig. 9 is a diagram showing a configuration of a heat
exchanger 70 according to a fourth embodiment.
Fig. 10 is a diagram showing a configuration of a
header according to a fifth embodiment.

Fig. 11 is a diagram showing a configuration of a
header according to a sixth embodiment.

Fig. 12 is a diagram showing arrangements of a first
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heatexchangerunit 121 and a second heat exchang-
er unit 122 according to a seventh embodiment.
Fig. 13 is a diagram showing arrangements of a first
heatexchangerunit 121 and a second heat exchang-
er unit 122 according to an eighth embodiment.
Fig. 14 is a diagram showing arrangements of a first
heat exchanger unit 121A and a second heat ex-
changer unit 122A according to a ninth embodiment.
Fig. 15 is a cross sectional view showing an exem-
plaryflattube 50 providedin a flat tube heat exchang-
er.

Fig. 16 is a flowchart of pressure control for a second
refrigeration cycle 2 in the pressure increase sup-
pression operation.

Fig. 17 is a Mollier diagram showing a state of a first
refrigerantduring the pressure increase suppression
operation.

Fig. 18 is a flowchart of stop control for a first refrig-
eration cycle 1 during the pressure increase sup-
pression operation.

Fig. 19 is a diagram showing an overall configuration
of a binary refrigeration apparatus 10C comprising
a switching device 800 according to a thirteenth em-
bodiment.

Fig. 20is adiagram showing the overall configuration
of binary refrigeration apparatus 10C comprising
switching device 800 according to the thirteenth em-
bodiment.

Fig. 21 is a block diagram showing an exemplary
control configuration of binary refrigeration appara-
tus 10C.

Fig. 22 is a diagram showing an overall configuration
of a binary refrigeration apparatus 10D comprising
a switching device 801 according to a fourteenth em-
bodiment.

Fig. 23 is adiagram showing the overall configuration
of binary refrigeration apparatus 10D comprising
switching device 801 according to the fourteenth em-
bodiment.

Fig. 24 is a diagram showing an overall configuration
of a binary refrigeration apparatus 10E comprising
a switching device 802 according to a fifteenth em-
bodiment.

Fig. 25is adiagram showing the overall configuration
of binary refrigeration apparatus 10E comprising
switching device 802 according to the fifteenth em-
bodiment.

Fig. 26 is a diagram showing an overall configuration
of a binary refrigeration apparatus 10F according to
a sixteenth embodiment.

DESCRIPTION OF EMBODIMENTS

[0013] Hereinafter,embodiments of the presentdisclo-
sure will be described in detail with reference to figures.
Hereinafter, the plurality of embodiments will be de-
scribed; however, it is initially expected at the time of
filing of the application to appropriately combine config-
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urations described in the embodiments. It should be not-
ed thatin the figures, the same or corresponding portions
are denoted by the same reference characters and will
not be described repeatedly.

First Embodiment.

(Overall Configuration of Binary Refrigeration Apparatus
10)

[0014] Each of Figs. 1 and 2 is an overall configuration
diagram of a binary refrigeration apparatus 10 according
to a first embodiment. Each of Figs. 1 and 2 functionally
shows connection relation and arrangement configura-
tion among devices in binary refrigeration apparatus 10,
and does not necessarily show an arrangementin a phys-
ical space.

[0015] Referring to Figs. 1 and 2, binary refrigeration
apparatus 10 comprises a first refrigeration cycle 1 and
a second refrigeration cycle 2. First refrigeration cycle 1
is a high-stage refrigeration cycle. Second refrigeration
cycle 2 is a low-stage refrigeration cycle. In binary refrig-
eration apparatus 10, first refrigeration cycle 1 and sec-
ond refrigeration cycle 2 are coupled together by a cas-
cade heat exchanger 3 so as to form a refrigeration cycle
having a multi-stage configuration.

[0016] In first refrigeration cycle 1, a first refrigerant
circulates. In second refrigeration cycle 2, a second re-
frigerant circulates. The first refrigerant is, for example,
a propane refrigerant. The second refrigerant is, for ex-
ample, a carbon dioxide refrigerant. It should be noted
that as the first refrigerant and the second refrigerant,
the same type of refrigerant may be used or different
types of refrigerants may be used.

[0017] It should be noted that as each of the first re-
frigerant and the second refrigerant, it is preferable to
select a refrigerant having high performance, low GWP
(Global Warming Potential), low combustibility, and low
toxicity. In particular, since second refrigeration cycle 2
is a path having an indoor unit provided in a room in and
out of which a person is considered to come frequently,
a refrigerant having no influence on the human body,
such as low combustibility and low toxicity, is used as
the second refrigerant. Since it is considered that first
refrigeration cycle 1 is installed in a space such as an
outdoor space in and out of which a person is less likely
to come, a high-performance refrigerant is used as the
firstrefrigerant. As an example, a CO2 refrigerant is used
for second refrigeration cycle 2, and an R290 refrigerant,
R1234yf refrigerant, or R32 refrigerant is used for first
refrigeration cycle 1.

[0018] When ahigh-pressure refrigerantis used as the
second refrigerant in second refrigeration cycle 2, a de-
sign using a device and a tube each having a high pres-
sure resistance is required. When the high-pressure re-
frigerant is used as the second refrigerant, a device or a
tube each having a low pressure resistance may be used
in second refrigeration cycle 2 by performing an operation
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for suppressing pressure increase in second refrigeration
cycle 2 using first refrigeration cycle 1.

[0019] Inbinary refrigeration apparatus 10, various de-
vices of first refrigeration cycle 1 and second refrigeration
cycle 2 are accommodated in an outdoor unit 4 or a cool-
ing unit5. Outdoor unit4 may be referred to as an outdoor
unit. Cooling unit 5 may be referred to as an indoor unit.
Extension tubes 6 and 7 are provided between cooling
unit 5 or cooling unit 5, outdoor unit 4 and cooling unit 5.
[0020] Firstrefrigeration cycle 1 comprises a first com-
pressor 11, a condensation device 12, a first expansion
valve 13, and cascade heat exchanger 3. First refriger-
ation cycle 1 further comprises a switching device 80
constituted of a first on-off valve 81, a second on-off valve
82, a third on-off valve 83, a fourth on-off valve 84, and
a fifth on-off valve 85.

[0021] Condensation device 12 comprises a first heat
exchanger unit 121, a second heat exchanger unit 122,
afirstfan 123,and a second fan 124. First heat exchanger
unit 121 is used as a condenser configured to condense
the first refrigerant. Second heat exchanger unit 122 is
in a state selected from a first state in which second heat
exchanger unit 122 is used as a condenser configured
to condense the first refrigerant and a second state in
which second heat exchanger unit 122 is used as an
evaporator configured to evaporate the first refrigerant.
Switching device 80 is controlled by a controller 100
shown in Fig. 3, and switches the state of second heat
exchanger unit 122 between the first state and the second
state. First fan 123 sends air to first heat exchanger unit
121. Second fan 124 sends air to second heat exchanger
unit 122.

[0022] First expansion valve 13 is constituted of an
electronic expansion valve. Cascade heat exchanger 3
comprises an evaporator unit 31 and a condenser unit
32, and is configured to perform heat exchange between
the first refrigerant and the second refrigerant. Evapora-
tor unit 31 of cascade heat exchanger 3 is used as an
evaporator in first refrigeration cycle 1.

[0023] Second refrigeration cycle 2 comprises a sec-
ond compressor 21, cascade heatexchanger 3, asecond
expansion valve 23, and an evaporator 24. Second re-
frigeration cycle 2 further comprises a third fan 25 and
extension tubes 6, 7. Condenser unit 32 of cascade heat
exchanger 3 is used as a condenser in second refriger-
ation cycle 2. Second expansion valve 23 is constituted
of an electronic expansion valve. Third fan 25 sends air
to evaporator 24.

[0024] In binary refrigeration apparatus 10, the first re-
frigerant on the high-temperature side is circulated by
first refrigeration cycle 1, and the second refrigerant on
the low-temperature side is circulated by second refrig-
eration cycle 2. In binary refrigeration apparatus 10, heat
exchange is performed in cascade heat exchanger 3 be-
tween the first refrigerant flowing through first heat ex-
changer unit 121 and the second refrigerant flowing
through second heatexchanger unit 122, thereby forming
a refrigeration cycle having a multi-stage configuration.
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In binary refrigeration apparatus 10, cooling is performed
in a low-temperature range of, for example, minus sev-
eral ten degrees by such a refrigeration cycle having a
multi-stage configuration.

[0025] Next, main sensors provided in binary refriger-
ation apparatus 10 will be described. In first refrigeration
cycle 1, the following sensors are provided. A first suction
pressure sensor 41 configured to detect a suction pres-
sure of first compressor 11 and a first suction temperature
sensor 42 configured to detect a suction temperature of
first compressor 11 are provided between the suction
side of first compressor 11 and cascade heat exchanger
3. A first discharging pressure sensor 43 configured to
detect a discharging pressure of first compressor 11 is
provided between the discharge side of first compressor
11 and condensation device 12. First compressor 11 is
provided with a first frequency sensor 47 configured to
detect an operation frequency of first compressor 11.
[0026] In second refrigeration cycle 2, the following
sensors are provided. A second suction pressure sensor
44 configured to detect a suction pressure of second
compressor 21 and a second suction temperature sensor
45 configured to detect a suction temperature of second
compressor 21 are provided between the suction side of
second compressor 21 and cascade heat exchanger 3.
A second discharging pressure sensor 46 configured to
detect a discharging pressure of second compressor 21
is provided between the discharge side of second com-
pressor 21 and cascade heat exchanger 3. Second com-
pressor 21 is provided with a second frequency sensor
48 configured to detect an operation frequency of second
compressor 21.

(Control Configuration of Binary Refrigeration Apparatus
10)

[0027] Next, an exemplary control configuration of bi-
nary refrigeration apparatus 10 will be described. Fig. 3
is a block diagram showing the exemplary control con-
figuration of binary refrigeration apparatus 10 according
to the first embodiment.

[0028] Controller 100 comprises a CPU (Central
Processing Unit) 101, a memory 102 (ROM (Read Only
Memory) and RAM (Random Access Memory)), an in-
put/output buffer (not shown) configured to input/output
various types of signals, and the like.

[0029] CPU 101 loads a program stored in the ROM
into the RAM or the like and executes the program. The
program stored in the ROM is a program in which a
processing procedure of control in controller 100 is writ-
ten. The program for controller 100 comprises: a main
routine program functioning as a core of the program;
and a subroutine program invoked from the main pro-
gram so as to be executed. Controller 100 performs con-
trol for each device in binary refrigeration apparatus 10
in accordance with these programs. This control is not
limited to processing by software, and the processing
can be performed by dedicated hardware (electronic cir-

15

20

25

30

35

40

45

50

55

cuit).

[0030] Controller 100 receives detection signals output
from various sensors such as first suction pressure sen-
sor 41, first suction temperature sensor 42, first discharg-
ing pressure sensor 43, firstfrequency sensor 47, second
suction pressure sensor 44, second suction temperature
sensor 45, second discharging pressure sensor 46, and
second frequency sensor 48.

[0031] Controller 100 outputs control signals to various
devices such as firstcompressor 11, first fan 123, second
fan 124, first on-off valve 81, second on-off valve 82, third
on-off valve 83, fourth on-off valve 84, fifth on-off valve
85, first expansion valve 13, second compressor 21, sec-
ond expansion valve 23, and third fan 25 so as to control
the various control devices.

[0032] It should be noted that Fig. 3 also shows exem-
plary connection among a fourth fan 33, a fifth fan 128,
a first pump 141, a second pump 142, and an outdoor
air temperature sensor 49, which are not provided in the
first embodiment but are provided in other embodiments
described later.

[0033] Controller 100 controls first compressor 11, first
compressor 11, first fan 123, second fan 124, first on-off
valve 81, second on-off valve 82, third on-off valve 83,
fourth on-off valve 84, fifth on-off valve 85, first expansion
valve 13, second compressor 21, second expansion
valve 23, and third fan 25 in accordance with detection
results of various sensors such as first suction pressure
sensor 41, first suction temperature sensor 42, first dis-
charging pressure sensor 43, first frequency sensor 47,
second suction pressure sensor 44, second suction tem-
perature sensor 45, second discharging pressure sensor
46, and second frequency sensor 48.

[0034] Controller 100 controls a frequency of first com-
pressor 11 in order to adjust an evaporation temperature
of the first refrigerant in first refrigeration cycle 1. Con-
troller 100 controls a frequency of second compressor
12 in order to adjust an evaporation temperature of the
second refrigerant in second refrigeration cycle 2. In or-
der to adjust the condensing temperatures or the evap-
oration temperatures in the heat exchangers correspond-
ing to first fan 123, second fan 124, and third fan 25,
controller 100 controls a rotation speed of each fan to
control a flow rate of a heat medium. Controller 100 con-
trols a degree of opening of first expansion valve 13 in
order to adjust a degree of superheat on the suction side
of first compressor 11. Controller 100 controls a degree
of opening of second expansion valve 23 in order to ad-
just a degree of superheat on the suction side of second
compressor 12.

(Operation of Binary Refrigeration Apparatus 10 during
Cooling Operation)

[0035] Next, an operation of binary refrigeration appa-
ratus 10 in a cooling operation will be described with ref-
erence to Fig. 1. In Fig. 1, flow of the first refrigerant and
flow of the second refrigerant in the cooling operation are
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indicated by straight arrows.

[0036] The cooling operation is a normal operation in
which first compressor 11 of first refrigeration cycle 1 and
second compressor 21 of second refrigeration cycle 2
are driven to perform cooling in the low-temperature
range such as minus several ten degrees by the refrig-
eration cycle having a multi-stage configuration.

[0037] In the cooling operation, as shown in Fig. 1, in
condensation device 12 of first refrigeration cycle 1, both
firstheat exchanger unit 121 and second heat exchanger
unit 122 are each used as a condenser. The operation
of binary refrigeration apparatus 10 during the cooling
operation will be described below with reference to Fig. 1.
[0038] In the cooling operation, first refrigeration cycle
1 performs the following operation. First compressor 11
compresses the suctioned first refrigerant and discharg-
es the compressed first refrigerant as a high-temperature
and high-pressure gas refrigerant.

[0039] Inthecooling operation, bothfirstheatexchang-
erunit 121 and second heat exchanger unit 122 are each
used as a condenser in condensation device 12. In the
cooling operation, controller 100 brings first on-off valve
81, second on-off valve 82, and fifth on-off valve 85 into
an opened state and brings third on-off valve 83 and
fourth on-off valve 84 into a closed state in switching de-
vice 80.

[0040] With such states of first to fourth on-off valves
81 to 84, in the cooling operation, a first path in which
the first refrigerant flows through first heat exchanger unit
121, and a second path in which the first refrigerant flows
through first on-off valve 81, second heat exchanger unit
122 and second on-off valve 82 are formed between first
compressor 11 and first expansion valve 13. Thus, in the
cooling operation, in condensation device 12, the high-
temperature and high-pressure first refrigerant dis-
charged from first compressor 11 is branched into first
heat exchanger unit 121 and second heat exchanger unit
122 and flows as indicated by arrows in the figure. In this
way, in the cooling operation, both first heat exchanger
unit 121 and second heat exchanger unit 122 are each
used as a condenser.

[0041] In the cooling operation, condensation device
12 condenses the first refrigerant by exchanging heat
between the high-temperature high-pressure first refrig-
erant having flowed thereinto and the outdoor air in each
of first heat exchanger unit 121 and second heat ex-
changer unit 122. By sending air to first heat exchanger
unit 121 by first fan 123, condensation of the first refrig-
erant in first heat exchanger unit 121 is promoted. By
sending air to second heat exchanger unit 122 by second
fan 124, condensation of the first refrigerant in second
heat exchanger unit 122 is promoted.

[0042] Controller 100 controls an amount of air to be
senttofirstheatexchangerunit 121 byfirstfan 123, there-
by controlling an amount of heat exchange between the
firstrefrigerant and the outdoor air in first heat exchanger
unit 121. Controller 100 controls an amount of air to be
sent to second heat exchanger unit 122 by second fan
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124, thereby controlling an amount of heat exchange be-
tween the first refrigerant and the outdoor air in second
heat exchanger unit 122.

[0043] Thefirstrefrigerant condensed in condensation
device 12 is changed into a liquid phase refrigerant and
is supplied to first expansion valve 13. In first expansion
valve 13, the first refrigerant condensed in condensation
device 12is expanded and reduced in pressure, with the
result that the first refrigerant becomes a low-pressure
two-phase refrigerant. The first refrigerant expanded by
first expansion valve 13 is supplied to cascade heat ex-
changer 3 through fifth on-off valve 85 that is in the
opened state.

[0044] In cascade heat exchanger 3, the first refriger-
antflows into evaporator unit 31. Infirstrefrigeration cycle
1, the first refrigerant having flowed into evaporator unit
31 exchanges heat with the second refrigerant having
flowed into condenser unit 32 of cascade heat exchanger
3 in second refrigeration cycle 2 and the two-phase re-
frigerant is accordingly evaporated to become a gas re-
frigerant and is supplied to the suction side of first com-
pressor 11.

[0045] In the cooling operation, second refrigeration
cycle 2 performs the following operation. Second com-
pressor 21 compresses the suctioned second refrigerant
and discharges the compressed second refrigerant as a
high-temperature and high-pressure gas refrigerant.
[0046] The second refrigerantdischarged from second
compressor 21 is supplied to cascade heat exchanger
3. In cascade heat exchanger 3, the second refrigerant
flows into condenser unit 32. The second refrigerant hav-
ing flowed into condenser unit 32 in second refrigeration
cycle 2 is condensed by heat exchange with the first re-
frigerant having flowed into condenser unit 32 of cascade
heat exchanger 3 in second refrigeration cycle 2.
[0047] The second refrigerant condensed in condens-
er unit 32 of cascade heat exchanger 3 is changed into
a liquid phase refrigerant and is supplied to second ex-
pansion valve 23. In second expansion valve 23, the sec-
ond refrigerant condensed in condenser unit 32 is ex-
panded and reduced in pressure, with the result that the
second refrigerant becomes a low-pressure two-phase
refrigerant. The second refrigerant expanded by second
expansion valve 23 is supplied to evaporator 24.

[0048] The second refrigerant having flowed into evap-
orator 24 in second refrigeration cycle 2 exchanges heat
with the outdoor air, with the result that the two-phase
refrigerant is evaporated to become a gas refrigerantand
is supplied to the suction side of second compressor 21.
By sending air to evaporator 24 by third fan 25, evapo-
ration of the second refrigerant in evaporator 24 is pro-
moted. Controller 100 controls a rotation speed of third
fan 25 so as to control an amount of air to be sent by
third fan 25 to evaporator 24.
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(Operation of Binary Refrigeration Apparatus 10 during
Pressure Increase Suppression Operation)

[0049] Next, an operation of binary refrigeration appa-
ratus 10 in a pressure increase suppression operation
will be described with reference to Fig. 2. In Fig. 2, the
flow of the first refrigerant in the pressure increase sup-
pression operation is indicated by straight arrows.
[0050] The pressure increase suppression operation
is an operation for suppressing pressure increase in sec-
ond refrigeration cycle 2 when the cooling operation is
stopped, by cooling second refrigeration cycle 2 in cas-
cade heat exchanger 3 using first refrigeration cycle 1 in
such a manner that first compressor 11 of first refrigera-
tion cycle 1 is driven with second compressor 21 of sec-
ond refrigeration cycle 2 being stopped.

[0051] When the cooling operation is stopped, if both
first compressor 11 of first refrigeration cycle 1 and sec-
ond compressor 21 of second refrigeration cycle 2 are
stopped, the pressure in second refrigeration cycle 2 is
increased as follows. In second refrigeration cycle 2, if
both second compressor 21 are stopped, heat received
from the outdoor air ata portion such as a tube may cause
an excessive increase of pressure in the tube in second
refrigeration cycle 2. Since the carbon dioxide refrigerant
is used as the second refrigerant in second refrigeration
cycle 2, a component such as the tube may be damaged
by the excessive increase of pressure in the tube.
[0052] To address this, when the cooling operation is
stopped, controller 100 performs control to stop second
compressor 21 of second refrigeration cycle 2 and per-
form the pressure increase suppression operation for cir-
culating the first refrigerant by driving first compressor
11 of first refrigeration cycle 1. The circulation of the first
refrigerant in first refrigeration cycle 1 when the cooling
operation is stopped promotes heat exchange between
the first refrigerant and the second refrigerant in cascade
heat exchanger 3 to suppress a temperature increase in
second refrigeration cycle 2, with the result that the pres-
sure increase in the tube of second refrigeration cycle 2
can be suppressed.

[0053] Inthepressureincrease suppressionoperation,
as shown in Fig. 2, in condensation device 12 of first
refrigeration cycle 1, firstheat exchanger unit 121 is used
as a condenser, and second heat exchanger unit 122 is
used as an evaporator. The operation of binary refriger-
ation apparatus 10 during the pressure increase suppres-
sion operation will be described below with reference to
Fig. 2.

[0054] Inthe pressureincrease suppressionoperation,
second compressor 21 is stopped in second refrigeration
cycle 2, and the second refrigerant does not basically
circulate as shown in Fig. 2.

[0055] Inthe pressureincrease suppressionoperation,
first compressor 11 is driven in first refrigeration cycle 1.
In the pressure increase suppression operation, in first
refrigeration cycle 1, the first refrigerant circulates by per-
forming the same operation as the above-described cool-
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ing operation except for condensation device 12.
[0056] Inthe pressureincrease suppression operation,
in condensation device 12, first heat exchanger unit 121
is used as a condenser, and second heat exchanger unit
122 is used as an evaporator. In the pressure increase
suppression operation, controller 100 brings first on-off
valve 81, second on-off valve 82, and fifth on-off valve
85 into the closed state and brings third on-off valve 83
and fourth on-off valve 84 into the opened state in switch-
ing device 80.

[0057] With such states of first to fourth on-off valves
81 to 84, in the pressure increase suppression operation,
a path in which the first refrigerant flows through only first
heat exchanger unit 121 is formed in condensation de-
vice 12 between the suction side of first compressor 11
and first expansion valve 13. Thus, in the pressure in-
crease suppression operation, the high-temperature and
high-pressure first refrigerant discharged from first com-
pressor 11 flows only through first heat exchanger unit
121 in condensation device 12 as indicated by arrows in
the figure, with the result that only first heat exchanger
unit 121 is used as a condenser.

[0058] Inthe pressureincrease suppression operation,
condensation device 12 condenses the first refrigerant
by exchanging heat only by first heat exchanger unit 121
between the high-temperature and high-pressure first re-
frigerant having flowed thereinto and the outdoor air.
[0059] Inthe pressureincrease suppression operation,
since fifth on-off valve 85 is in the closed state and third
on-off valve 83 and fourth on-off valve 84 are each in the
opened state, the first refrigerant expanded by first ex-
pansion valve 13 is supplied to evaporator unit 31 of cas-
cade heat exchanger 3 through fourth on-off valve 84,
second heat exchanger unit 122, and third on-off valve
83. The first refrigerant having flowed into second heat
exchanger unit 122 exchanges heat with the outdoor air
to result in a first stage of evaporation. By sending air to
second heat exchanger unit 122 by second fan 124, the
evaporation of the first refrigerant in second heat ex-
changer unit 122 is promoted. Controller 100 controls the
rotation speed of third fan 25 so as to control an amount
of air to be sent by third fan 25 to evaporator 24.

[0060] In cascade heat exchanger 3, the first refriger-
ant having flowed into evaporator unit 31 exchanges heat
with the second refrigerant to result in a second stage of
evaporation to become a gas refrigerant, and is supplied
to the suction side of first compressor 11. In cascade
heat exchanger 3, heat exchange is performed between
the first refrigerant in first refrigeration cycle 1 and the
second refrigerant in second refrigeration cycle 2, with
the result that the second refrigerant is cooled. Thus, in
the pressure increase suppression operation, second re-
frigeration cycle 2 is cooled by first refrigeration cycle 1,
thereby suppressing the pressure increase in second re-
frigeration cycle 2.

[0061] Since not only evaporator unit 31 of cascade
heat exchanger 3 but also second heat exchanger unit
122 of condensation device 12 are each used as an evap-
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orator in the pressure increase suppression operation in
this way, evaporation capacity of first refrigeration cycle
1 is increased as compared with that in the cooling op-
eration. Thus, in the pressure increase suppression op-
eration, the evaporation capacity of first refrigeration cy-
cle 1 is increased, thereby stabilizing the operation state
of the first refrigeration cycle in the stopped state of sec-
ond refrigeration cycle 2.

(Function Switching Control for Second Heat Exchanger
Unit 122 in Pressure Increase Suppression Operation)

[0062] Next, the following describes function switching
control for switching the function of second heatexchang-
er unit 122 from the condenser to the evaporator when
performing the pressure increase suppression operation.
[0063] Fig. 4 is a flowchart of the function switching
control for second heat exchanger unit 122 in the pres-
sure increase suppression operation. The function
switching control of Fig. 4 is performed by controller 100.
[0064] InastepS1,controller 100 determines whether
or not the cooling operation is currently being performed.
The determination in step S 1 as to whether or not the
cooling operation is being performed is made by check-
ing, by controller 100, the operation state of binary refrig-
eration apparatus 10 in accordance with detection sig-
nals from various sensors provided in second refrigera-
tion cycle 2. For example, when second compressor 21
is being operated, it can be determined that the cooling
operation is currently being performed. Each of the var-
ious sensors may be a sensor that can check the oper-
ation state of binary refrigeration apparatus 10. Controller
100 determines whether or not second compressor 21
is being operated, in accordance with, for example, a
frequency of second compressor 12 detected by the sec-
ond frequency sensor. It should be noted that second
suction pressure sensor 44, second suction temperature
sensor 45, second discharging pressure sensor 46, and
the like may be each used as a sensor that can check
the operation state of binary refrigeration apparatus 10.
[0065] Whenitisdeterminedinstep S 1thatthe cooling
operation is not currently being performed, controller 100
ends the processing. On the other hand, when it is de-
termined in step S 1 thatthe cooling operation is currently
being performed, controller 100 determines in a step S2
whether or not it is detected that the operation of the
second refrigeration cycle is stopped. The determination
in step S2 as to whether or not the operation of the second
refrigeration cycle is stopped is made by checking, by
controller 100, the operation state of binary refrigeration
apparatus 10 in accordance with the detection signals
from the various sensors provided in second refrigeration
cycle 2 as described above. For example, when the op-
eration of second compressor 21 is stopped, it can be
determined that the operation of the second refrigeration
cycle is stopped.

[0066] When it is not detected in step S2 that the op-
eration of the second refrigeration cycle is stopped, con-
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troller 100 repeats the determination in step S2. On the
other hand, when it is detected in step S2 that the oper-
ation of the second refrigeration cycle is stopped, con-
troller 100 performs the processing of steps S3 to S6
because switching from the cooling operation to the pres-
sure increase suppression operation is being performed.
[0067] InstepS3,controller 100increases the flow rate
of the heat medium in first heat exchanger unit 121. The
heat medium is air to be sent to first heat exchanger unit
121 byfirstfan 123. In otherwords, in step S3, the rotation
speed of first fan 123 is increased to increase an amount
of air by first fan 123. In step S3, the amount of air by
first fan 123 may be increased to the maximum value of
a setting value of the amount of air, or may be increased
by a predetermined amount of air.

[0068] After a first reference period has elapsed from
the increase of the amount of air by first fan 123 in step
S3, controller 100 increases the flow rate of the heat me-
dium in second heat exchanger unit 122 in step S4. The
heat medium is air to be sent to second heat exchanger
unit 122 by second fan 124. In other words, in step S4,
the rotation speed of second fan 124 is increased to in-
crease an amount of air by second fan 124. In step S4,
the amount of air by second fan 124 may be increased
to the maximum value of a setting value of the amount
of air, or may be increased by a predetermined amount
of air.

[0069] After a second reference period has elapsed
from the increase of the amount of air by second fan 124
in step S4, controller 100 switches the opened/closed
states of first on-off valve 81, second on-off valve 82,
third on-off valve 83, and fourth on-off valve 84 of switch-
ing device 80 to the opened/closed states in the pressure
increase suppression operation as shown in Fig. 2 in step
S5. The second reference period is set to a period having
a length equal to or less than the first reference period.
Then, in step S6, controller 100 switches the
opened/closed state of fifth on-off valve 85 of switching
device 80 to the opened/closed state in the pressure in-
crease suppression operation as shown in Fig. 2, and
ends the processing.

[0070] Thus, second heat exchanger unit 122 is
switched by switching device 80 between the first state
in which second heat exchanger unit 122 serves as a
condenser configured to condense the first refrigerant
and the second state in which second heat exchanger
unit 122 serves as an evaporator configured to evaporate
the first refrigerant. Controller 100 performs control to
make switching to the first state in which second heat
exchanger unit 122 serves as a condenser when the cool-
ing operation is performed, and make switching to the
second state in which second heat exchanger unit 122
serves as an evaporator when the pressure increase con-
trol operation is performed.

[0071] Inthe function switching control of Fig. 4, when
switching from the cooling operation to the pressure in-
crease suppression operation, the condensation by first
heat exchanger unit 121 can be promoted by increasing
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the flow rate of the heat medium to be sent to first heat
exchanger unit 121 used as the condenser in step S3.
Since the condensation by first heat exchanger unit 121
is promoted, the amount of the first refrigerant in second
heat exchanger unit 122 to be switched to the evaporator
can be relatively reduced. Since the amount of the first
refrigerant in second heat exchanger unit 122 to be
switched to the evaporator is reduced in this way, occur-
rence of liquid back can be suppressed in the suction
portion of first compressor 11 when second heat ex-
changer unit 122 is switched to the evaporator.

[0072] In the function switching control of Fig. 4, since
the flow rate of the heat medium to be sent to second
heat exchanger unit 122 to be used as the evaporator
after the switchingis increased in step S4 when switching
from the cooling operation to the pressure increase sup-
pression operation, the heat medium at a high flow rate
can be sent to second heat exchanger unit 122 immedi-
ately after switching to the pressure increase suppres-
sion operation. This makes it possible to further promote
evaporation of the first refrigerant in second heat ex-
changer unit 122 after switching to the pressure increase
suppression operation.

[0073] In the function switching control of Fig. 4, since
the second reference period from the increase of the flow
rate of the heat medium to be sent to second heat ex-
changer unit 122 in step S4 to the switching of the on-off
valves in switching device 80 in step S5 is set to the
length equal to or less than that of the first reference
period from the increase of the flow rate of the heat me-
dium to be sent to first heat exchanger unit 121 in step
S3 to the increase of the flow rate of the heat medium to
be sent to second heat exchanger unit 122 in step S4,
the first refrigerant can be suppressed from being con-
densed before second heat exchanger unit 122 is used
as an evaporator.

[0074] In the function switching control of Fig. 4, after
the opened/closed states of first on-off valve 81, second
on-off valve 82, third on-off valve 83, and fourth on-off
valve 84 are switched to the opened/closed states in the
pressure increase suppression operation in step S5, the
opened/closed state of fifth on-off valve 85 is switched
to the opened/closed state in the pressure increase sup-
pression operation in step S6, with the result that part of
the two-phase refrigerant having flowed out from first ex-
pansion valve 13 flows into second heat exchanger unit
122, and the two-phase refrigerant pushes out the liquid
refrigerant in second heat exchanger unit 122. Thus,
when fifth on-off valve 85 is brought into the closed state,
the flow velocity of the two-phase refrigerant in second
heat exchanger unit 122 is slower than that when a whole
of the two-phase refrigerant having flowed out from first
expansion valve 13 flows into second heat exchanger
unit 122 at once, with the result that the first refrigerant
can be brought into a more superheated gas state at the
outlet portion of second heat exchanger unit 122.
[0075] First heat exchanger unit 121 has a structure
with alarger volume of heat exchange than that of second
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heat exchanger unit 122. For example, when the total of
the heat exchange volume of first heat exchanger unit
121 and the heat exchange volume of second heat ex-
changer unit 122 in condensation device 12 is un-
changed, the heat exchange volume of first heat ex-
changer unit 121 is larger than the heat exchange volume
of second heat exchanger unit 122. In such a configura-
tion, heat exchange performance of condensation device
12 as a condenser is higher than that in a configuration
in which the heat exchange volume of first heat exchang-
er unit 121 and the heat exchange volume of second heat
exchanger unit 122 are the same. Thus, in the configu-
ration in which the heat exchange volume of first heat
exchanger unit 121 is larger than the heat exchange vol-
ume of second heat exchanger unit 122, the condensa-
tion performance during the pressure increase control
operation is improved as compared with a case where
these heat exchange volumes are the same, with the
result that the pressure in first refrigeration cycle 1 can
be suppressed from being excessively increased during
the pressure increase control operation. Further, since
the pressure in first refrigeration cycle 1 can be sup-
pressed from being excessively increased during the
pressure increase control operation, power consumption
necessary for the operation state of first refrigeration cy-
cle 1 during the pressure increase control operation can
be suppressed.

[0076] It should be noted that each of first on-off valve
81 and second on-off valve 82 may be provided at a po-
sition as close as possible to a branch position at which
the path between first compressor 11 and first expansion
valve 13 is branched toward second heat exchanger unit
122. With such a configuration, the first refrigerant can
be prevented from remaining in a path from the branch
position to the position of first on-off valve 81 and in a
path from the branch position to the position of second
on-off valve 82. Since the refrigerant can be prevented
from remaining therein in this way, a total amount of the
first refrigerant required in first refrigeration cycle 1 can
be suppressed.

[0077] In binary refrigeration apparatus 10 of the first
embodiment, the following effects can be obtained.
[0078] Inthe pressureincrease suppression operation,
since second heat exchanger unit 122 of condensation
device 12 is switched by switching device 80 to the state
in which the first refrigerant is evaporated, a capacity for
evaporating the first refrigerant in first refrigeration cycle
1is increased in the pressure increase suppression op-
eration. This makes it possible to stabilize the operation
state of first refrigeration cycle 1 when second refrigera-
tion cycle 2 is stopped.

[0079] Specifically, the following effect can be ob-
tained. In the pressure increase suppression operation,
since the capacity for evaporating the first refrigerant in
first refrigeration cycle 1 is increased, evaporation of the
first refrigerant is promoted, thereby suppressing occur-
rence of liquid back to first compressor 11. This makes
it possible to stabilize the operation state of first refriger-
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ation cycle 1 when second refrigeration cycle 2 is
stopped.

[0080] Since the occurrence of the liquid back to first
compressor 11 can be suppressed in the pressure in-
crease suppression operation, it is possible to prevent
occurrence of seizing-up of first compressor 11 caused
by refrigeration oil being diluted due to the liquid back.
Thus, reliability of binary refrigeration apparatus 10 can
be improved.

[0081] Since the capacity for evaporating the first re-
frigerant in first refrigeration cycle 1 is increased in the
pressure increase suppression operation, the first refrig-
erant suctioned into first compressor 11 can be stably
formed into a superheated gas, with the result that con-
troller 100 can be suppressed from performing control to
repeatedly stop and restart first compressor 11 due to
insufficient capacity for evaporating the first refrigerant
in first refrigeration cycle 1. This makes it possible to sta-
bilize the operation state of firstrefrigeration cycle 1 when
second refrigeration cycle 2 is stopped.

[0082] In binary refrigeration apparatus 10, the tem-
perature and pressure ofthe second refrigerantin second
refrigeration cycle 2 can be stabilized by suppressing first
compressor 11 from being stopped and restarted repeat-
edly in the pressure increase suppression operation.
Thus, in the pressure increase suppression operation,
the tube of second refrigeration cycle 2 can be sup-
pressed from being raptured due to an instantaneous
pressure increase in the second refrigerant of second
refrigeration cycle 2.

[0083] In first refrigeration cycle 1, when a plurality of
first compressors 11 are connected in parallel to operate,
the capacity for evaporating the first refrigerant can be
increased as compared with a case where one first com-
pressor 11 is operated. However, in such a case, the
operation state of binary refrigeration apparatus 10 be-
comes unstable, disadvantageously. On the other hand,
since the control is performed in the pressure increase
suppression operation to switch second heat exchanger
unit 122 of condensation device 12 to the state in which
the first refrigerant is evaporated, the capacity for evap-
orating the first refrigerant can be increased, thereby sta-
bilizing the operation state of binary refrigeration appa-
ratus 10.

[0084] Ascompared with the configuration in which the
plurality of first compressors 11 are connected in parallel
to operate in first refrigeration cycle 1, the refrigeration
oil is not supplied to any of the first compressors in an
imbalanced manner in binary refrigeration apparatus 10,
with the result that the reliability of the operation of binary
refrigeration apparatus 10 can be improved.

[0085] Ascompared with the configuration in which the
plurality of first compressors 11 are connected in parallel
to operateinfirst refrigeration cycle 1, binary refrigeration
apparatus 10 does not need to be provided with, for ex-
ample, a uniform oil mechanism or the like to avoid the
imbalance of the refrigeration oil among the plurality of
first compressors 11, with the result that an increase in
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the number of components of binary refrigeration appa-
ratus 10 can be suppressed to suppress increased man-
ufacturing cost.

[0086] The flow rate of the heat medium can be adjust-
ed individually depending on whether second heat ex-
changer unit 122 is used as a condenser or an evapora-
tor. Thus, when second heat exchanger unit 122 is used
as a condenser, controller 100 can control the flow rate
of the heat medium to be supplied to second heat ex-
changer unit 122 by second fan 124 so as to cause the
condensation temperature of second heat exchanger
unit 122 to have a reference temperature. When second
heat exchanger unit 122 is used as an evaporator, con-
troller 100 can control the flow rate of the heat medium
to be supplied to second heat exchanger unit 122 by sec-
ond fan 124 so as to cause the suction portion of first
compressor 11 to have an appropriate evaporation tem-
perature.

[0087] In binary refrigeration apparatus 10, since the
high-pressure refrigerant such as a carbon dioxide re-
frigerant is used as the second refrigerant sealed in sec-
ond refrigeration cycle 2, even when the tube connecting
outdoor unit 4 and cooling unit 5 is long, an increase in
pressure loss due to the long tube can be suppressed.
[0088] Further, in binary refrigeration apparatus 10,
since the non-toxic refrigerant such as a carbon dioxide
refrigerant is used as the second refrigerant sealed in
second refrigeration cycle 2, an influence on human body
can be suppressed even if the second refrigerant is
leaked in the room in which cooling unit 5 is provided
when a person comes in or out of the room.

[0089] Further, in binary refrigeration apparatus 10,
since the non-combustible refrigerant such as a carbon
dioxide refrigerant is used as the second refrigerant
sealed in second refrigeration cycle 2, occurrence of fire
can be suppressed even if the second refrigerant is
leaked in the room in which cooling unit 5 is provided.
[0090] Further, in binary refrigeration apparatus 10,
since the two-system refrigerant circuit with first refriger-
ation cycle 1 and second refrigeration cycle 2 are provid-
ed and the high-pressure refrigerant such as a carbon
dioxide refrigerant is used as the second refrigerant
sealed in second refrigeration cycle 2, an increase of
pressure in second refrigeration cycle 2 can be sup-
pressed to a reference pressure or less. Thus, a device
and a tube each having a pressure resistance setting that
is not very high can be used in binary refrigeration appa-
ratus 10. Since the device and tube each having a pres-
sure resistance setting that is not very high, the manu-
facturing cost of the entire system of binary refrigeration
apparatus 10 can be suppressed from being increased.

Second Embodiment.

(Overall Configuration of Binary Refrigeration Apparatus
10A Having Natural Circulation Path)

[0091] Next, as a second embodiment, the following
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describes an example in which a natural circulation path
for the second refrigerant is provided in second refriger-
ation cycle 2 of binary refrigeration apparatus 10 config-
ured as indicated in the first embodiment.

[0092] Each of Figs. 5 and 6 is an overall configuration
diagram of a binary refrigeration apparatus 10A accord-
ing to a second embodiment. Referring to Figs. 5 and 6,
binary refrigeration apparatus 10A of the second embod-
iment is different from binary refrigeration apparatus 10
of the first embodiment in that a natural circulation path
20 for the second refrigerant is provided in second refrig-
eration cycle 2.

[0093] In Fig. 5, flow of the refrigerant in the cooling
operation is indicated by arrows. In Fig. 6, flow of the
refrigerant in the pressure increase suppression opera-
tion is indicated by arrows.

[0094] Natural circulation path 20 is a path allowing for
natural circulation of the second refrigerant in the pres-
sure increase suppression operation. Natural circulation
path 20 comprises a first tube 27, a second tube 28, a
third tube 29, a liquid receiver 25A, and a check valve
26. Liquid receiver 25A is provided between cascade
heat exchanger 3 and second expansion valve 23 in sec-
ond refrigeration cycle 2.

[0095] First tube 27 is provided between an inlet of
condenser unit 32 of cascade heatexchanger 3 and liquid
receiver 25A. First tube 27 is provided with a check valve
26 that allows the second refrigerant to flow only in a
direction from liquid receiver 25A toward the inlet of con-
denser unit 32 of cascade heat exchanger 3. Second
tube 28 is provided between an outlet of condenser unit
32 of cascade heat exchanger 3 and liquid receiver 25A.
Third tube 29 is provided between second expansion
valve 23 and liquid receiver 25A.

[0096] Liquid receiver 25A is a tank having an inner
space for storing the second refrigerant having flowed
thereinto from first tube 27. An end portion of each of first
tube 27 and second tube 28 is opened atan upper portion
of the inner space of liquid receiver 25A. Third tube 29
is opened at a lower portion of the inner space of liquid
receiver 25A.

[0097] Condenser unit 32 of cascade heat exchanger
3 is provided such that the outlet side thereof is located
ataposition lower than that of the inlet side thereof. Liquid
receiver 25A is provided at a position lower than that of
the outlet of condenser unit 32 of cascade heat exchang-
er 3. Liquid receiver 25A is a tank having an inner space
for storing the second refrigerant having flowed from first
tube 27.

[0098] An end portion of each of first tube 27 and sec-
ond tube 28 is opened at an upper portion of the inner
space of liquid receiver 25A. Third tube 29 is opened at
a lower portion of the inner space of liquid receiver 25A.
[0099] AsshowninFig.5, duringthe cooling operation,
the second refrigerant, which has become a supercooled
refrigerant due to heat exchange by condenser unit 32
of cascade condenser 30, is dropped from second tube
28 into the inner space of liquid receiver 25A, and is sup-
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plied to second expansion valve 23 through third tube 29.
[0100] AsshowninFig.6, duringthe pressureincrease
suppression operation, the second refrigerant, which has
become a supercooled refrigerant due to heat exchange
by condenser unit 32 of cascade condenser 30, is
dropped from second tube 28 into the inner space of liquid
receiver 25A, passes through first tube 27 and check
valve 26, and is supplied to the inlet side of condenser
unit 32.

[0101] Specifically, during the pressure increase sup-
pression operation, as the second refrigerant, which has
become a supercooled refrigerant, is dropped into the
inside of liquid receiver 25A, the volume of the second
refrigerant existing on the upper side with respect to con-
denser unit 32 is decreased. Thus, the pressure is neg-
ative on the upper side with respect to condenser unit 32
and the pressure is positive on the liquid receiver 25A
side, i.e., the lower side with respect to condenser unit
32. Thus, the gas refrigerant of the second refrigerant
stored in liquid receiver 25A passes through first tube 27
and check valve 26, and is suctioned up to the inlet side
of condenser unit 32. The gas refrigerant suctioned up
to the inlet side of condenser unit 32 flows into condenser
unit 32, and exchanges heat again. The second refriger-
ant having exchanged heat in condenser unit 32 be-
comes a supercooled refrigerant, and is dropped into lig-
uid receiver 25A through second tube 28.

[0102] During the pressure increase suppression op-
eration, the pressure increase in second refrigeration cy-
cle 2 can be effectively suppressed by repeating such
natural circulation of the second refrigerant flowing in nat-
ural circulation path 20.

[0103] Inbinary refrigeration apparatus 10A, since lig-
uid receiver 25A is provided between cascade heat ex-
changer 3 and second expansion valve 23, the pressure
in second refrigeration cycle 2 can be stabilized with re-
spect to variation of load in second refrigeration cycle 2.
Further, since liquid receiver 25A is provided between
cascade heat exchanger 3 and second expansion valve
23 in binary refrigeration apparatus 10A, it is possible to
readily handle a change in sealing amount of the second
refrigerant that is required depending on the length of the
tube connecting outdoor unit 4 and cooling unit 5.
[0104] In such a configuration, as with the first embod-
iment, first heat exchanger unit 121 has a structure hav-
ing a larger heat exchange volume than that of second
heat exchanger unit 122. In the configuration in which
the second refrigerant flows in natural circulation path 20
during the pressure increase suppression operation, the
heat exchange volume of second heat exchanger unit
122 is smaller than that of first heat exchanger unit 121,
with the result that the evaporation capacity of second
heat exchanger unit 122 can be prevented from becom-
ing too large.
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Third Embodiment.

(Overall Configuration of Binary Refrigeration Apparatus
10B Comprising Intermediate Cooler 35 in Second Re-
frigeration Cycle 2)

[0105] Next, as a third embodiment, the following de-
scribes an example in which an intermediate cooler 35
is provided between second compressor 21 and con-
denser unit 32 of cascade heat exchanger 3 in second
refrigeration cycle 2 of each of binary refrigeration appa-
ratuses 10, 10A having the configuration shown in the
second embodiment. In the third embodiment, the con-
figuration in which intermediate cooler 35 is provided in
binary refrigeration apparatus 10A of the second embod-
iment will be described as a representative example.
[0106] Each of Figs. 7 and 8 is an overall configuration
diagram of a binary refrigeration apparatus 10B accord-
ing to the third embodiment. Referring to Figs. 7 and 8,
binary refrigeration apparatus 10B of the third embodi-
ment is different from binary refrigeration apparatus 10A
of the second embodiment in that intermediate cooler 35
and a fourth fan 36 are provided in second refrigeration
cycle 2.

[0107] In Fig. 7, flow of the refrigerant in the cooling
operation is indicated by arrows. In Fig. 8, flow of the
refrigerant in the pressure increase suppression opera-
tion is indicated by arrows.

[0108] Intermediate cooler 35 is provided between
second compressor 21 and condenser unit 32 of cascade
heatexchanger 3. Fourth fan 36 sends air to intermediate
cooler 35. As shown in Fig. 2, controller 100 outputs a
control signal to fourth fan 36 so as to control fourth fan
36.

[0109] AsshowninFig.7,duringthe cooling operation,
the high-temperature and high-pressure second refrig-
erant discharged from second compressor 21 flows to
condenser unit 32 of cascade heat exchanger 3 through
intermediate cooler 35.

[0110] Since intermediate cooler 35 is provided be-
tween second compressor 21 and condenser unit 32 of
cascade heat exchanger 3 in binary refrigeration appa-
ratus 10B, heat of the second refrigerant can be radiated
by intermediate cooler 35 in second refrigeration cycle 2
during the cooling operation. By radiating the heat of the
second refrigerant by intermediate cooler 35, the con-
densation capacity of condenser unit 32 of cascade heat
exchanger 3 can be reduced. Since the evaporation ca-
pacity required for evaporator unit 31 of cascade heat
exchanger 3 of first refrigeration cycle 1 can be sup-
pressed by reducing the condensation capacity of con-
denser unit 32, heat exchange efficiency between the
first refrigerant and the second refrigerant in cascade
heat exchanger 3 can be improved.

[0111] It should be noted that intermediate cooler 35
and fourth fan 36 shown in Figs. 7 and 8 may be provided
in binary refrigeration apparatus 10 shown in Figs. 1 and
2.
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Fourth Embodiment.

(Configuration of Heat Exchanger 70 in which Conden-
sation Device 12 and Intermediate Cooler 35 Are Inte-
grated)

[0112] Next, as afourth embodiment, the following de-
scribes an example in which aheatexchanger 70 in which
condensation device 12 and intermediate cooler 35 are
integrated is provided as a modification of binary refrig-
eration apparatus 10B comprising intermediate cooler 35
shown in the third embodiment.

[0113] Fig. 9 is a diagram showing a configuration of
heat exchanger 70 according to the fourth embodiment.
Referring to Fig. 9, heat exchanger 70 of the fourth em-
bodiment is configured as a heat exchanger in which first
heat exchanger unit 121 in condensation device 12
shown in Fig. 9 and intermediate cooler 35 shown in Fig.
9 are integrated. In Fig. 9, second heat exchanger unit
122 and switching device 80 in condensation device 12
are not shown.

[0114] Heat exchanger 70 shown in Fig. 9 comprises
first heat exchanger unit 121 and intermediate cooler 35
shown in Fig. 9, and these are configured as one heat
exchanger unit structure. A fifth fan 128 configured to
send air to heat exchanger 70 is provided in the vicinity
of heat exchanger 70. As shown in Fig. 2, controller 100
outputs a control signal to fifth fan 128 so as to control
fifth fan 128.

[0115] It should be noted that the following configura-
tions may be each employed as an example of integration
of condensation device 12 and intermediate cooler 35.
As the integrated heat exchanger, first heat exchanger
unit 121, second heat exchanger unit 122, and interme-
diate cooler 35 may be integrated. As the integrated heat
exchanger, second heat exchanger unit 122 and inter-
mediate cooler 35 may be integrated.

[0116] Thus, when heat exchanger 70 in which con-
densation device 12 and intermediate cooler 35 are in-
tegrated is provided, the number of components of the
binary refrigeration apparatus can be reduced. Further,
an installation area of the binary refrigeration apparatus
can be smaller in space.

Fifth Embodiment.

(Configuration of Switching Unit in which Headers and
Switching Device 80 Are Integrated)

[0117] Next, as a fifth embodiment, the following de-
scribes an example in which a switching unit in which
headers provided in condensation device 12 are integrat-
ed with switching device 80 is provided.

[0118] Fig. 10 is a diagram showing configurations of
the headers according to the fifth embodiment. Referring
to Fig. 10, a first header 91 and a second header 92 are
connected to both ends of a tube body of first heat ex-
changer unit 121. A third header 93 and a fourth header
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94 are connected to both ends of a tube body of second
heat exchanger unit 122.

[0119] First header 91 is provided at a portion at which
the tube from first compressor 11 is branched to conden-
sation device 12 and switching device 80. First header
91 is configured to distribute, to first heat exchanger unit
121 and switching device 80, the first refrigerant supplied
from first compressor 11.

[0120] Second header 92 is provided at a portion at
which the tube from first heat exchanger unit 121 to first
expansion valve 13 and the tube from second on-off valve
82 of switching device 80 are merged together. Second
header 92 is configured to merge the first refrigerant flow-
ing out from first heat exchanger unit 121 with the first
refrigerant flowing out from second on-off valve 82, and
supply the merged first refrigerant to first expansion valve
13.

[0121] Third header 93 is provided between first on-off
valve 81 and third on-off valve 83. Third header 93 is
configured to supply, to second heat exchanger unit 122,
the first refrigerant supplied through first on-off valve 81
during the cooling operation, or to supply, toward third
on-off valve 83, the first refrigerant flowing out from sec-
ond heat exchanger unit 122 during the pressure in-
crease suppression operation.

[0122] Fourth header 94 is provided between second
on-off valve 82 and fourth on-off valve 84. Fourth header
94 is configured to supply, toward second on-off valve
82, the first refrigerant flowing out from second heat ex-
changer unit 122 during the cooling operation, or to sup-
ply, to second heat exchanger unit 122, the first refriger-
ant supplied through fourth on-off valve 84 during the
pressure increase suppression operation.

[0123] Firstheader 91, first on-off valve 81, third head-
er 93, and third on-off valve 83 may be provided as indi-
vidual components, or may be integrated as a switching
unit 901 as shown in Fig. 10. Second header 92, second
on-off valve 82, fourth header 94, and fourth on-off valve
84 may be provided as individual components, or may
be integrated as a switching unit 902 as shown in Fig. 10.
[0124] When switching unit 901 in which first header
91, first on-off valve 81, third header 93, and third on-off
valve 83 are integrated and switching unit 902 in which
second header 92, second on-off valve 82, fourth header
94, and fourth on-off valve 84 are integrated are provided,
the number of components of the binary refrigeration ap-
paratus can be reduced. Further, an installation area of
the binary refrigeration apparatus can be smaller in
space.

Sixth Embodiment.

(Configuration in which Headers and Switching Device
80 Are Separated from Each Other)

[0125] Next, as a sixth embodiment, the following de-
scribes an example in which headers provided in con-
densation device 12 are separated from switching device
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80.

[0126] Fig. 11 is a diagram showing configurations of
the headers according to the sixth embodiment. The con-
figuration of Fig. 11 is different from the configuration of
Fig. 10 in that first header 91, second header 92, third
header 93, and fourth header 94 are provided to be sep-
arated from switching device 80 and are provided close
to first heat exchanger unit 121 and second heat ex-
changer unit 122 with respect to switching device 80.
[0127] First header 91 is provided at a position close
to first heat exchanger unit 121 with respect to a branch
portion at which the tube from first compressor 11 is
branched to condensation device 12 and switching de-
vice 80. First header 91 is configured to supply, to first
heat exchanger unit 121 through first header 91, the first
refrigerant supplied from the branch portion.

[0128] Second header 92 is provided at a position
close to first heat exchanger unit 121 with respect to the
merging portion at which the tube from firstheat exchang-
er unit 121 toward first expansion valve 13 is merged with
the tube from second on-off valve 82 of switching device
80. Second header 92 is configured to supply, to the
merging portion through second header 92, the first re-
frigerant flowing out from first heat exchanger unit 121.
[0129] Third header 93 is provided in a tube branched
from between first on-off valve 81 and third on-off valve
83 to reach second heat exchanger unit 122. Third head-
er 93 is configured to supply, to second heat exchanger
unit 122, the first refrigerant supplied through first on-off
valve 81 during the cooling operation, or to supply, to
third on-off valve 83, the first refrigerant flowing out from
second heat exchanger unit 122 during the pressure in-
crease suppression operation.

[0130] Fourthheader 94 is providedin atube branched
from between second on-off valve 82 and fourth on-off
valve 84 to reach second heat exchanger unit 122. Fourth
header 94 is configured to supply, toward second on-off
valve 82, the firstrefrigerant flowing out from second heat
exchanger unit 122 during the cooling operation, or to
supply, toward second heat exchanger unit 122, the first
refrigerant supplied through fourth on-off valve 84 during
the pressure increase suppression operation.

Seventh Embodiment.

(First Heat Exchanger Unit 121 and Second Heat Ex-
changer Unit 122 Are Arranged Side by Side in Up-
ward/Downward Direction)

[0131] Next, as a seventh embodiment, the following
describes an example in which first heat exchanger unit
121 and second heat exchanger unit 122 are arranged
side by side in an upward/downward direction in conden-
sation device 12.

[0132] Fig. 12 is a diagram showing arrangements of
first heat exchanger unit 121 and second heat exchanger
unit 122 according to the seventh embodiment.

[0133] In condensation device 12, it is desirable that
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an air sending direction of first fan 123 to first heat ex-
changer unit 121 and an air sending direction of second
fan 124 to second heat exchanger unit 122 do not overlap
with each other. This is due to the following reason: when
one of first heat exchanger unit 121 and second heat
exchanger unit 122 is affected by air sent by the other,
the heat exchange capacity for the first refrigerantis sup-
pressed.

[0134] Fig. 12 shows a configuration in which first heat
exchanger unit 121 and first fan 123 are arranged side
by side with second heat exchanger unit 122 and second
fan 124 in the upward/downward direction. In Fig. 12,
first heat exchanger unit 121 is shown to be larger than
second heat exchanger unit 122 because first heat ex-
changer unit 121 has a larger volume for heat exchange
than that of second heat exchanger unit 122. As shown
in Fig. 12, when first heat exchanger unit 121 and first
fan 123 are arranged side by side with second heat ex-
changer unit 122 and second fan 124 in the up-
ward/downward direction, air sending direction 201 of
first fan 123 to first heat exchanger unit 121 and air send-
ing direction 202 of second fan 124 to second heat ex-
changer unit 122 do not overlap with each other.

[0135] Accordingto the configuration shown in Fig. 12,
since air sending direction 201 of first fan 123 to first heat
exchanger unit 121 and air sending direction 202 of sec-
ond fan 124 to second heat exchanger unit 122 do not
overlap with each other, one of first heat exchanger unit
121 and second heat exchanger unit 122 can be sup-
pressed from being affected by the heat of the air sent
from the other. Accordingly, heat exchange of the first
refrigerant is promoted in each of first heat exchanger
unit 121 and second heat exchanger unit 122, thereby
improving the heat exchange capacity for the first refrig-
erant. Thus, the pressure in first refrigeration cycle 1 can
be suppressed from being increased excessively.

Eighth Embodiment.

(Configuration in which First Heat Exchanger Unit 121
and Second Heat Exchanger Unit 122 Are Arranged Side
by Side in Leftward/Rightward Direction)

[0136] Next, as an eighth embodiment, the following
describes an example in which first heat exchanger unit
121 and second heat exchanger unit 122 are arranged
side by side in the leftward/rightward direction in conden-
sation device 12.

[0137] Fig. 13 is a diagram showing arrangements of
firstheat exchanger unit 121 and second heat exchanger
unit 122 according to the eighth embodiment.

[0138] Fig. 13 shows a configuration in which first heat
exchanger unit 121 and first fan 123 are arranged side
by side with second heat exchanger unit 122 and second
fan 124 in the leftward/rightward direction. In Fig. 13, first
heat exchanger unit 121 is shown to be larger than sec-
ond heat exchanger unit 122 because the volume of first
heat exchanger unit 121 for heat exchange is larger than
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that of second heat exchanger unit 122. As shown in Fig.
13, when first heat exchanger unit 121 and first fan 123
are arranged side by side with second heat exchanger
unit 122 and second fan 124 in the leftward/rightward
direction, air sending direction 201 of first fan 123 to first
heat exchanger unit 121 and air sending direction 202 of
second fan 124 to second heat exchanger unit 122 do
not overlap with each other. Thus, the same effect as the
effect obtained by the seventh embodiment can be ob-
tained, for example, the heat exchange capacity for the
first refrigerant in each of first heat exchanger unit 121
and second heat exchanger unit 122 is improved.

Ninth Embodiment.

(Configuration in which Each of First Heat Exchanger
Unit 121A and Second Heat Exchanger Unit 122A Indi-
vidually Employs Water For Heat Exchange)

[0139] Next, as a ninth embodiment, the following de-
scribes an example in which each of a first heat exchang-
er unit 121A and a second heat exchanger unit 122A
employs water for heat exchange in condensation device
12.

[0140] Fig. 14 is a diagram showing arrangements of
first heatexchanger unit 121A and second heat exchang-
er unit 122A according to the ninth embodiment.

[0141] In condensation device 12, instead of first heat
exchanger unit 121 and second heat exchanger unit 122
that each exchange heat with air as shown in Fig. 12 and
the like, first heat exchanger unit 121A and second heat
exchanger unit 122A that each employs water for heat
exchange as shown in Fig. 14 may be provided.

[0142] Each of first heat exchanger unit 121A and sec-
ond heat exchanger unit 122A individually performs heat
exchange using water as a heat medium. When exchang-
ing heat using water as the heat medium, a first pump
141 configured to supply water to first heat exchanger
unit 121A and a second pump 142 configured to supply
water to second heat exchanger unit 122A are each pro-
vided as a device configured to supply the heat medium
as shown in Fig. 14. In Fig. 14, first heat exchanger unit
121Ais shown to be larger than second heat exchanger
unit 122A because first heat exchanger unit 121A has a
larger volume for heat exchange than that of second heat
exchanger unit 122A.

[0143] Firstheatexchanger unit 121A comprises a first
heat exchanger unit 1211 and a second heat exchanger
unit 1212. Water is supplied from first pump 141 to first
heat exchanger unit 1211. The first refrigerant is supplied
from switching device 80 to second heat exchanger unit
1212. With this configuration, in first heat exchanger unit
121A, heat exchange is performed between the first re-
frigerant in first heat exchanger unit 1211 and the water
in second heat exchanger unit 1212.

[0144] Second heat exchanger unit 122A comprises a
first heat exchanger unit 1221 and a second heat ex-
changer unit 1222. Water is supplied from second pump
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142 to first heat exchanger unit 1221. The first refrigerant
is supplied from switching device 80 to second heat ex-
changer unit 1222. With this configuration, in first heat
exchanger unit 121A, heat exchange is performed be-
tween the first refrigerantin first heat exchanger unit 1211
and the water in second heat exchanger unit 1212.
[0145] InFig. 14, water is supplied from first pump 141
to first heat exchanger unit 121A, and water is supplied
from second pump 142 to second heat exchanger unit
122A. Thus, water for heat exchange is supplied to first
heat exchanger unit 121A and second heat exchanger
unit 122A from the different sources through the different
paths.

[0146] Accordingto the configuration shown in Fig. 14,
since water for heat exchange is supplied to first heat
exchanger unit 121A and second heat exchanger unit
122A from the different sources through the different
paths, one of first heat exchanger unit 121A and second
heat exchanger unit 122A can be suppressed from being
affected by heat of the water from the other. Accordingly,
heat exchange of the first refrigerant is promoted in each
of first heat exchanger unit 121A and second heat ex-
changer unit 122A, thereby improving the heat exchange
capacity for the first refrigerant. Thus, pressure in first
refrigeration cycle 1 can be suppressed from being in-
creased excessively.

Tenth Embodiment.

(Configuration in which Flat Tube Heat Exchanger Is
Used as First Heat Exchanger Unit 121 of Condensation
device 12)

[0147] Next, as a tenth embodiment, the following de-
scribes an example in which a flat tube heat exchanger
is used as first heat exchanger unit 121 in condensation
device 12.

[0148] For each of the various types of heat exchang-
ers each comprising the condenser and the evaporator
as shown in the above-described embodiments, a flat
tube heat exchanger or a circular tube heat exchanger
may be used. When the flat tube heat exchanger of the
various types of heat exchangers is used at least for first
heatexchanger unit 121 of condensation device 12, pres-
sure in first refrigeration cycle 1 can be suppressed from
being increased excessively in each of the cooling oper-
ation and the pressure increase suppression operation.
This is because the flat tube heat exchanger has higher
heat exchanger efficiency than those of the other types
of heat exchangers.

[0149] Fig. 15 is a cross sectional view showing an
exemplary flat tube 50 provided in the flat tube heat ex-
changer. Referring to Fig. 15, a plurality of paths 51 in
each of which the refrigerant flows are provided in flat
tube 50 by partitioning the inside of the flat and elliptic
tube. With such a configuration, the flat tube heat ex-
changer using flat tube 50 as first heat exchanger unit
121 can have higher heat exchange efficiency than those
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when the other types of heat exchangers are used. Thus,
the heat exchange efficiency of first heat exchanger unit
121 can be improved.

[0150] Since second heat exchanger unit 122 of con-
densation device 12 is used for both a condenser and an
evaporator, a circular tube heat exchanger may be used
therefor in order to defrost and drain a generated frost in
a short time when second heat exchanger unit 122 is
used as the evaporator.

Eleventh Embodiment.

(Pressure Control for Second Refrigeration Cycle 2 dur-
ing Pressure Increase Suppression Operation)

[0151] Next, as an eleventh embodiment, the following
describes exemplary pressure control for second refrig-
eration cycle 2 during the pressure increase suppression
operation of the binary refrigeration apparatus described
in each of the first to tenth embodiments.

[0152] During the pressure increase suppression op-
eration, controller 100 controls a high-stage expansion
valve 300 so as to cause a degree of superheat of the
outlet side of cascade heat exchanger 3 to be a prede-
termined reference value with the frequency of first com-
pressor 11 being set to a reference frequency in the pres-
sure increase suppression operation. During the pres-
sure increase suppression operation, as described be-
low, controller 100 controls the flow rate of the heat me-
dium to be supplied by second fan 124 to second heat
exchanger unit 122 used as an evaporator, so as to cause
the pressure in second refrigeration cycle 2 to fall within
a predetermined threshold value range of the pressure
with the frequency of first compressor 11 being set to the
reference frequency in the pressure increase suppres-
sion operation.

[0153] In the eleventh embodiment, the following de-
scribes pressure control for second refrigeration cycle 2
as performed by controller 100 in the above-described
pressure increase suppression operation. In the binary
refrigeration apparatus described in each of the first to
tenth embodiments, the pressure in second refrigeration
cycle 2 may be controlled to one pressure target value
in the pressure increase suppression operation, or the
pressure in second refrigeration cycle 2 may be control-
led to fall within a target pressure range. In the eleventh
embodiment, exemplary pressure control will be de-
scribed in which the pressure in second refrigeration cy-
cle 2 is controlled to fall within the target pressure range.
[0154] Fig. 16 is a flowchart of the pressure control for
second refrigeration cycle 2 in the pressure increase sup-
pression operation. The pressure control of Fig. 16 is a
subroutine program that is invoked and executed repeat-
edly at a certain cycle during execution of the processing
of the pressure increase suppression operation as in-
cluded in the main program of the control by controller
100.

[0155] Inastep S 11, controller 100 sets the operation



29 EP 4 421 410 A1 30

frequency of first compressor 11 to the reference fre-
quency in the pressure increase suppression operation.
The reference frequency in the pressure increase sup-
pression operation is lower than the reference frequency
set in the cooling operation, for example. Once the ref-
erence frequency set in step S11 is set in the pressure
increase suppression operation, the set value is not
changed during the pressure increase suppression op-
eration.

[0156] Inastep S12, controller 100 determines wheth-
er or not a detection value of the pressure in second
refrigeration cycle 2 is lower than a first threshold value.
The first threshold value is a value used to set the upper
limit of the target pressure range of second refrigeration
cycle 2 in the pressure increase suppression operation.
Specifically, in step S12, it is determined whether or not
the pressure detected by second discharging pressure
sensor 46 is lower than the first threshold value. When
the pressure detected by second discharging pressure
sensor 46 is not lower than the first threshold value, the
evaporation temperature of the second refrigerant s high
to be equal to or higher than the upper limit value of the
control, and itis necessary to increase an amount of heat
to be exchanged in cascade heat exchanger 3.

[0157] When it is determined in step S12 that the de-
tection value of the pressure is not lower than the first
threshold value, controller 100 decreases, ina step S 13,
the flow rate of the heat medium to be supplied to second
heat exchanger unit 122 or second heat exchanger unit
122A, and returns to step S12. When the flow rate of the
heat medium to be supplied to second heat exchanger
unit 122 is decreased, a degree of dryness at the outlet
of second heat exchanger unit 122 is decreased to de-
crease the outlettemperature of cascade heat exchanger
3, thus resulting in a decreased degree of superheat. In
that case, controller 100 performs control to decrease
the degree of opening of first expansion valve 13, thereby
decreasing the evaporation temperature in first refriger-
ation cycle 1.

[0158] Inthe pressureincrease suppressionoperation,
second heat exchanger unit 122 is used as an evapora-
tor. The flow rate of the heatmedium in the case of second
heat exchanger unit 122 is a flow rate of air to be supplied
by first fan 123. The flow rate of the heat medium in the
case of second heat exchanger unit 122A is the flow rate
of the water to be supplied by first pump 141.

[0159] When it is determined that the detection value
of the pressure is lower than the first threshold value in
step S12, controller 100 determines whether or not the
detection value of the pressure in second refrigeration
cycle 2 is higher than a second threshold value in step
S14. The second threshold value is a value used to set
the lower limit of the target pressure range of second
refrigeration cycle 2 inthe pressure increase suppression
operation. When the pressure detected by second dis-
charging pressure sensor 46 is not higher than the sec-
ond threshold value, the evaporation temperature of the
second refrigerant is low to be equal to or lower than the
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lower limit value of the control, and it is necessary to
decrease an amount of heat to be exchanged in cascade
heat exchanger 3.

[0160] When itis determined in step S14 that the de-
tection value of the pressure is not higher than the second
threshold value, controller 100 increases, in a step S 15,
the flow rate of the heat medium to be supplied to second
heat exchanger unit 122 or second heat exchanger unit
122A, and returns to step S14. When the flow rate of the
heat medium supplied to second heat exchanger unit 122
isincreased, the degree of dryness at the outlet of second
heat exchanger unit 122 becomes high to increase the
outlet temperature of cascade heat exchanger 3, thus
resulting in an increased degree of superheat. In that
case, controller 100 performs control to increase the de-
gree of opening of first expansion valve 13, thereby in-
creasing the evaporation temperature in first refrigeration
cycle 1.

[0161] When itis determined in step S14 that the de-
tection value of the pressure is higher than the second
threshold value, controller 100 returns to the main rou-
tine. Thereafter, the pressure control for second refrig-
eration cycle 2 as shown in Fig. 16 is repeatedly per-
formed during the pressure increase suppression oper-
ation.

[0162] Exemplary setting values of the first threshold
value and the second threshold value will be described
below. When the second refrigerant sealed in second
refrigeration cycle 2 is carbon dioxide and the pressure
resistance of the device of second refrigeration cycle 2
is 4.15 MPaG that is the pressure resistance of a com-
monly used refrigeration cycle such as R410A, the first
threshold value is set to, for example, +7.7°C, and the
second threshold value is set to, for example, -29°C that
is a temperature higher than a temperature correspond-
ing to the lower limit of the low pressure during the op-
eration of first compressor 11. More specifically, each of
the first threshold value and the second threshold value
is preferably around 0°C, for example, the first threshold
value may be setto +2°C and the second threshold value
may be set to -2°C in order to prevent freezing while
securing a margin to the upper limit of the pressure of
the pressure resistance.

[0163] Itshould be noted that when the second thresh-
old value is set to a value equal to or higher than 0°C,
freezing of second refrigeration cycle 2 can be prevented.
In an exemplary case of the saturation temperature of
carbon dioxide, when the first threshold value is 7.7°C or
lower, itis possible to use adevice and atube each having
a low pressure resistance and each used for R410A or
the like. It should be noted that when the first refrigerant
is carbon dioxide, the first threshold value may be set to,
for example, 5°C with a margin to the upper limit of the
pressure resistance, or may be set to 3°C with a further
margin to the upper limit of the pressure resistance.
[0164] Since the pressure control for second refriger-
ation cycle 2 in the above-described pressure increase
suppression operation is performed, controller 100 can
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control the pressure in second refrigeration cycle 2 to fall
within the pressure range between the first threshold val-
ue and the second threshold value. Further, since the
heat medium to be supplied to second heat exchanger
unit 122 by second fan 124 is controlled to cause the
pressure detected by second discharging pressure sen-
sor 46 to fall within the reference range between the first
threshold value and the second threshold value, the heat
exchange capacity of cascade heat exchanger 3 can be
adjusted in accordance with a situation that changes the
pressure in second refrigeration cycle 2, such as outdoor
air temperature and disturbance.

(State of First Refrigerant during Pressure Increase Sup-
pression Operation)

[0165] Next, the following describes a state of the first
refrigerant in first refrigeration cycle 1 when the pressure
control for second refrigeration cycle 2 as shown in Fig.
16 is performed in the pressure increase suppression
operation.

[0166] Fig. 17 is a Mollier diagram showing a state of
the first refrigerant during the pressure increase suppres-
sion operation. In Fig. 17, the vertical axis represents a
pressure P, and the horizontal axis represents a specific
enthalpy. In Fig. 17, saturated liquid line and saturated
vapor line are indicated by curves.

[0167] InFig. 17, a compression process a for the first
refrigerant, a condensation process b for the first refrig-
erant, an expansion process c for the firstrefrigerant, and
an evaporation process d for the first refrigerant are
shown in association with devices involved in the respec-
tive processes in firstrefrigeration cycle 1 during the pres-
sure increase suppression operation.

[0168] In compression process a, the first refrigerant
is compressed by first compressor 11 to increase the
pressure and specific enthalpy of the first refrigerant. In
condensation process b, the first refrigerantis condensed
by first heat exchanger unit 121 (121A) to decrease the
specific enthalpy of the first refrigerant with the pressure
of the first refrigerant being maintained. In expansion
process c, the first refrigerant is expanded by first expan-
sion valve 13 to decrease the pressure of the first refrig-
erant with the specific enthalpy of the first refrigerant be-
ing maintained. In evaporation process d, a second stage
of evaporation is performed by second heat exchanger
unit 122 (122A) and a second stage of evaporation is
then performed by evaporator unit 31 of cascade heat
exchanger 3 to increase the specific enthalpy of the first
refrigerant with the pressure of the first refrigerant being
maintained.

[0169] As indicated by an arrow in Fig. 17, in evapo-
ration process d, a relative ratio of an amount of increase
of the specific enthalpy by second heat exchanger unit
122 and an amount of increase of the specific enthalpy
by evaporator unit 31 of cascade heat exchanger 3 is
increased or decreased depending on an amount of sup-
ply of the heat medium by second fan 124 (second pump

10

15

20

25

30

35

40

45

50

55

18

142).

[0170] For example, when the flow rate of the heat me-
dium to be supplied to second heat exchanger unit 122
(122A) is decreased as in step S13 of Fig. 16, the ratio
of increase of the specific enthalpy by second heat ex-
changer unit 122 (122A) is decreased and the ratio of
increase of the specific enthalpy by evaporator unit 31
of cascade heat exchanger 3 is increased. On the other
hand, when the flow rate of the heat medium supplied to
second heat exchanger unit 122 (122A) is increased as
in step S15 of Fig. 16, the ratio of increase of the specific
enthalpy by second heat exchanger unit 122 (122A) is
increased and the ratio of increase of the specific en-
thalpy by evaporator unit 31 of cascade heat exchanger
3 is decreased.

Twelfth Embodiment.

(Stop Control for First Refrigeration Cycle 1 during Pres-
sure Increase Suppression Operation)

[0171] Next, as a twelfth embodiment, the following de-
scribes exemplary stop control for first refrigeration cycle
1 during the pressure increase suppression operation of
the binary refrigeration apparatus described in each of
the first to eleventh embodiments.

[0172] Forexample, second refrigeration cycle 2 when
the operation of the binary refrigeration apparatus is
stopped has a pressure corresponding to an outdoor air
temperature when first refrigeration cycle 1 is not oper-
ated. For example, when a carbon dioxide refrigerant is
used as the second refrigerant, if the outdoor air temper-
ature reaches 30°C, the pressure in second refrigeration
cycle 2 may exceed the pressure resistance of each of
tubes and devices used in a general refrigeration cycle.
[0173] In order to prevent the pressure in second re-
frigeration cycle 2 from being increased excessively in
this way when the operation is stopped, the binary refrig-
eration apparatus performs the pressure increase sup-
pression operation as described above when the opera-
tion is stopped. However, when the pressure in second
refrigeration cycle 2 is sufficiently lower than the pressure
resistance of each of the tubes and devices, for example,
when the outdoor air temperature is 7°C or lower, there
is no possibility that the pressure resistance of each of
the tubes and devices is exceeded even though the pres-
sure increase suppression operation is not performed.
Thus, in the twelfth embodiment, an example will be de-
scribed in which controller 100 performs control to stop
first refrigeration cycle 1 when the pressure in second
refrigeration cycle 2 becomes lower than a threshold val-
ue during the pressure increase suppression operation.
[0174] In order to perform such stop control for first
refrigeration cycle 1 during the pressure increase sup-
pression operation, an outdoor air temperature sensor
49 configured to detect an outdoor air temperature of the
binary refrigeration apparatus is provided as shown in
Fig. 3. A detection signal of outdoor air temperature sen-
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sor 49 is input to controller 100.

[0175] Fig. 18 is a flowchart of the stop control for first
refrigeration cycle 1 during the pressure increase sup-
pression operation. The control of Fig. 18 is a subroutine
program that is invoked and executed repeatedly at a
certain cycle during execution of the processing of the
pressure increase suppression operation as included in
the main program of the control by controller 100.
[0176] Inastep S21, controller 100 determines wheth-
er or not a detection value of the outdoor air temperature
detected by outdoor air temperature sensor 49 is lower
than a third threshold value. The third threshold value is
set to an outdoor air temperature value equal to or lower
than an outdoor air temperature corresponding to the
pressure of the setting value of the pressure resistance
of each of the tubes and devices of second refrigeration
cycle 2. When it is determined that the detection value
of the outdoor air temperature is not a temperature lower
than the third threshold value in step S21, controller 100
brings first refrigeration cycle 1 into the operation state
in a step S22 or maintains the operation state of first
refrigeration cycle 1 and returns to the main routine.
[0177] On the other hand, when it is determined that
the detection value of the outdoor air temperature is a
temperature lower than the fourth threshold value in step
S21, controller 100 determines in a step S23 whether or
not the detection value of the pressure in second refrig-
eration cycle 2 is lower than a fourth threshold value. The
fourth threshold value is a pressure set to be equal to or
lower than the first threshold value, and is a pressure
value recognized as having no possibility of exceeding
the pressure resistance of each of the tubes and devices
even though the pressure increase suppression opera-
tion is not performed. Specifically, in step S21, it is de-
termined whether or not the pressure detected by second
discharging pressure sensor 46 is lower than the first
threshold value.

[0178] When it is determined that the detection value
of the pressure in second refrigeration cycle 2 is not a
temperature lower than the fourth threshold value in step
S23, controller 100 brings first refrigeration cycle 1 into
the operation state in step S22 or maintains the operation
state of first refrigeration cycle 1 and returns to the main
routine. On the other hand, when it is determined in step
S23 that the detection value of the pressure in second
refrigeration cycle 2 is atemperature lower than the fourth
threshold value, the operation of first refrigeration cycle
1is stoppedin step S25, and itreturns to the main routine.
Specifically, in step S25, at least first compressor 11 is
stopped.

[0179] As described above, in the stop control for first
refrigeration cycle 1 during the pressure increase sup-
pression operation, when the detection value of the out-
door air temperature detected by outdoor air temperature
sensor 49 is a temperature lower than the third threshold
value and the pressure detected by second discharging
pressure sensor 46 is lower than the fourth threshold
value, the operation of first refrigeration cycle 1 is
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stopped.

[0180] Since the stop control for first refrigeration cycle
1 during the pressure increase suppression operation as
shown in Fig. 18 is performed, the operation of first re-
frigeration cycle 1 can be stopped when it is recognized
that there is no possibility that the pressure resistance of
each of the tubes and devices is exceeded even through
the pressure increase suppression operation is per-
formed. Since the operation of first refrigeration cycle 1
can be stopped in accordance with the detection value
of the outdoor air temperature and the detection value of
the pressure in second refrigeration cycle 2 in this way,
power consumption of the binary refrigeration apparatus
can be reduced.

Thirteenth Embodiment.

(Example in which Switching Device 800 Comprising
Four-Way Valve Is Provided)

[0181] Next, as a thirteenth embodiment, the following
describes an example in which a switching device 800
comprising four-way valves is provided instead of switch-
ing device 80 described above.

[0182] Each of Figs. 19 and 20 is a diagram showing
an overall configuration of a binary refrigeration appara-
tus 10C comprising switching device 800 according to
the thirteenth embodiment. Switching device 800 shown
in each of Figs. 19 and 20 is different from switching
device 80 shown in Fig. 5 and the like in the following
points. A first four-way valve 86 is provided instead of
first on-off valve 81 and third on-off valve 83. A second
four-way valve 87 is provided instead of second on-off
valve 82 and fourth on-off valve 84. Thus, switching de-
vice 800 comprises first four-way valve 86, second four-
way valve 87, and fifth on-off valve 85. Each of first four-
way valve 86 and second four-way valve 87 are used in
such a manner that one port is sealed.

[0183] Fig. 21 is a block diagram showing an exem-
plary control configuration of binary refrigeration appa-
ratus 10C. The configuration of Fig. 21 is different from
the configuration of Fig. 3 in that controller 100 outputs
a control signal to each of first four-way valve 86, second
four-way valve 87, and fifth on-off valve 85 so as to control
switching device 800.

[0184] It should be noted that Fig. 21 also shows an
exemplary connection among a first three-way valve 88,
a second three-way valve 89, a six-way valve 90, and a
sixth on-off valve 95, which are not provided in the thir-
teenth embodiment but are provided in other embodi-
ments described later.

(Operation of Switching Device 800 during Cooling Op-
eration)

[0185] Next, an operation of binary refrigeration appa-
ratus 10C in the cooling operation will be described with
reference to Fig. 19. In Fig. 19, flow of the first refrigerant
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and flow of the second refrigerant in the cooling operation
are indicated by straight arrows.

[0186] Inthe cooling operation, in condensation device
12, both first heat exchanger unit 121 and second heat
exchanger unit 122 are each used as a condenser. In
the cooling operation, controller 100 controls first four-
way valve 86 and second four-way valve 87 to form, be-
tween first compressor 11 and first expansion valve 13
in switching device 800, a path in which second heat
exchanger unit 122 is connected to first heat exchanger
unit 121 in parallel. In that case, controller 100 controls
fifth on-off valve 85 to the opened state.

[0187] With such states of first four-way valve 86 and
second four-way valve 87, in the cooling operation, a first
path in which the first refrigerant flows through first heat
exchanger unit 121, and a second path in which the first
refrigerant flows through first four-way valve 86, second
heat exchanger unit 122 and second four-way valve 87
are formed between first compressor 11 and first expan-
sion valve 13. Thus, in the cooling operation, both first
heat exchanger unit 121 and second heat exchanger unit
122 are each used as a condenser in condensation de-
vice 12.

(Operation of Switching Device 800 during Pressure In-
crease Suppression Operation)

[0188] Next, the operation of binary refrigeration ap-
paratus 10C during the pressure increase suppression
operation will be described with reference to Fig. 20. In
Fig. 20, flow of the first refrigerant and flow of the second
refrigerant in the cooling operation are indicated by
straight arrows.

[0189] Inthepressureincrease suppressionoperation,
first heat exchanger unit 121 is used as a condenser and
second heat exchanger unit 122 is used as an evaporator
in condensation device 12. In the pressure increase sup-
pression operation, controller 100 controls the first four-
way valve and second four-way valve 87 so as to form,
in switching device 800, a path in which second heat
exchanger unit 122 is connected between first expansion
valve 13 and evaporator unit 31 of cascade heat ex-
changer 3. In that case, controller 100 controls fifth on-
off valve 85 to the closed state.

[0190] With such states of first four-way valve 86 and
second four-way valve 87, in the pressure increase sup-
pression operation, a path in which the first refrigerant
flows through second four-way valve 87, second heat
exchanger unit 122, and first four-way valve 86 is formed
between first expansion valve 13 and evaporator unit 31
of cascade heat exchanger 3. Thus, in the pressure in-
crease suppression operation, first heat exchanger unit
121 is used as a condenser and second heat exchanger
unit 122 is used as an evaporator in condensation device
12.

[0191] In this way, switching device 800 is controlled
by controller 100 so as to form the same path as that in
switching device 80 described above during each of the
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cooling operation and the pressure increase suppression
operation. Thus, in binary refrigeration apparatus 10C,
the same path for the first refrigerant as the path in each
of binary refrigeration apparatus 10, binary refrigeration
apparatus 10A, and binary refrigeration apparatus 10B
is formed during each of the cooling operation and the
pressure increase suppression operation.

[0192] It should be noted that the four-way valve used
as each of first four-way valve 86 and second four-way
valve 87 may be a four-way valve driven based on a
differential pressure between the suction temperature of
first compressor 11 detected by first suction temperature
sensor 42 and the discharging pressure of first compres-
sor 11 detected by first discharging pressure sensor 43.
[0193] Since switching device 800 comprises the two
four-way valves in binary refrigeration apparatus 10D,
the number of components can be reduced, thereby sup-
pressing increased manufacturing cost. Further, since
switching device 800 comprises two four-way valves in
binary refrigeration apparatus 10D, the number of valves
controlled by controller 100 can be reduced.

Fourteenth Embodiment.

(Example in which Switching Device 801 Comprising
Four-Way Valve Is Provided)

[0194] Next, as a fourteenth embodiment, the following
describes an example in which a switching device 801
comprising four-way valves is provided instead of switch-
ing device 80 described above.

[0195] Each of Figs. 22 and 23 is a diagram showing
an overall configuration of a binary refrigeration appara-
tus 10D comprising switching device 801 according to
the fourteenth embodiment. Switching device 801 shown
in Figs. 22 and 23 is different from switching device 800
shown in Fig. 20 and the like in the following points. A
first three-way valve 88 is provided instead of first four-
way valve 86. A second three-way valve 89 is provided
instead of second four-way valve 87. Thus, switching de-
vice 801 comprises first four-way valve 86, second three-
way valve 89, and fifth on-off valve 85.

[0196] As shown in Fig. 21, controller 100 outputs a
control signal to each of first three-way valve 88, second
three-way valve 89, and fifth on-off valve 85 so as to
control switching device 801.

(Operation of Switching Device 801 during Cooling Op-
eration)

[0197] Next, an operation of binary refrigeration appa-
ratus 10D in the cooling operation will be described with
reference to Fig. 22. In Fig. 22, flow of the first refrigerant
and flow of the second refrigerantin the cooling operation
are indicated by straight arrows.

[0198] Inthe cooling operation, in condensation device
12, both first heat exchanger unit 121 and second heat
exchanger unit 122 are each used as a condenser. In
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the cooling operation, controller 100 controls first three-
way valve 88 and second three-way valve 89 to form,
between first compressor 11 and first expansion valve
13 in switching device 801, a path in which second heat
exchanger unit 122 is connected to first heat exchanger
unit 121 in parallel. In that case, controller 100 controls
fifth on-off valve 85 to the opened state.

[0199] With such states of first three-way valve 88 and
second three-way valve 89, in the cooling operation, a
first path in which the first refrigerant flows through first
heat exchanger unit 121, and a second path in which the
first refrigerant flows through first three-way valve 88,
second heat exchanger unit 122 and second three-way
valve 89 are formed between first compressor 11 and
first expansion valve 13. Thus, in the cooling operation,
both first heat exchanger unit 121 and second heat ex-
changer unit 122 are each used as a condenser in con-
densation device 12.

(Operation of Switching Device 801 during Pressure In-
crease Suppression Operation)

[0200] Next, an operation of binary refrigeration appa-
ratus 10D inthe pressure increase suppression operation
will be described with reference to Fig. 23. In Fig. 23, flow
of the first refrigerant and flow of the second refrigerant
in the pressure increase suppression operation are indi-
cated by straight arrows.

[0201] Inthepressureincrease suppressionoperation,
first heat exchanger unit 121 is used as a condenser and
second heat exchanger unit 122 is used as an evaporator
in condensation device 12. In the pressure increase sup-
pression operation, controller 100 controls first three-way
valve 88 and second three-way valve 89 so as to form,
in switching device 801, a path in which second heat
exchanger unit 122 is connected between first expansion
valve 13 and evaporator unit 31 of cascade heat ex-
changer 3. In that case, controller 100 controls the fifth
on-off valve to the closed state.

[0202] With such states of first three-way valve 88 and
second three-way valve 89, in the pressure increase sup-
pression operation, a path in which the first refrigerant
flows through second three-way valve 89, second heat
exchanger unit 122, andfirstthree-way valve 88 is formed
between first expansion valve 13 and evaporator unit 31
of cascade heat exchanger 3. Thus, in the pressure in-
crease suppression operation, first heat exchanger unit
121 is used as a condenser and second heat exchanger
unit 122 is used as an evaporator in condensation device
12.

[0203] In this way, switching device 801 is controlled
by controller 100 so as to form the path similar to that in
switching device 80 described above during each of the
cooling operation and the pressure increase suppression
operation. Thus, in binary refrigeration apparatus 10C,
the path for the first refrigerant similar to that in each of
binary refrigeration apparatus 10, binary refrigeration ap-
paratus 10A, binary refrigeration apparatus 10B, and bi-
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nary refrigeration apparatus 10C is formed during each
of the cooling operation and the pressure increase sup-
pression operation.

[0204] Since switching device 801 comprises the two
three-way valves in binary refrigeration apparatus 10D,
the number of components can be reduced, thereby sup-
pressing increased manufacturing cost. Further, since
switching device 801 comprises the two three-way valves
in binary refrigeration apparatus 10D, the number of
valves controlled by controller 100 can be reduced. As
compared with first four-way valve 86 and second four-
way valve 87 of the thirteenth embodiment, a work of
sealing the port is not necessary for each of first three-
way valve 88 and second three-way valve 89, thereby
improving workability in constructing binary refrigeration
apparatus 10E. With such animprovement in workability,
processing cost for devices can be reduced.

Fifteenth Embodiment.

(Example in which Switching Device 802 Comprising
Four-Way Valve Is Provided)

[0205] Next, as a fifteenth embodiment, the following
describes an example in which a switching device 802
comprising a six-way valve is provided instead of switch-
ing device 80 described above.

[0206] Each of Figs. 24 and 25 is a diagram showing
an overall configuration of a binary refrigeration appara-
tus 10E comprising switching device 802 according to
the fifteenth embodiment. Switching device 802 shown
in Figs. 24 and 25 is different from switching device 80
shown in Fig. 5 and the like in the following points. A six-
way valve 90 and a sixth on-off valve 95 are provided
instead of first on-off valve 81, second on-off valve 82,
third on-off valve 83, fourth on-off valve 84, and fifth on-
off valve 85. Thus, switching device 802 comprises six-
way valve 90 and sixth on-off valve 95.

[0207] As shown in Fig. 21, controller 100 outputs a
control signal to each of six-way valve 90 and sixth on-
off valve 95 so as to control switching device 802.

(Operation of Switching Device 802 during Cooling Op-
eration)

[0208] Next, an operation of binary refrigeration appa-
ratus 10E in the cooling operation will be described with
reference to Fig. 24. In Fig. 24, flow of the first refrigerant
and flow of the second refrigerantin the cooling operation
are indicated by straight arrows.

[0209] Inthe cooling operation, in condensation device
12, both first heat exchanger unit 121 and second heat
exchanger unit 122 are each used as a condenser. In
the cooling operation, controller 100 controls six-way
valve 90 and sixth on-off valve 95 to form, between first
compressor 11 and first expansion valve 13 in switching
device 802, a path in which second heat exchanger unit
122 and first heat exchanger unit 121 are connected in
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parallel. In that case, controller 100 controls sixth on-off
valve 95 to an opened state.

[0210] With such states of six-way valve 90 and sixth
on-off valve 95, in the cooling operation, a first path in
which the first refrigerant flows through first heat ex-
changer unit 121, six-way valve 90, and sixth on-off valve
95, and a second path in which the first refrigerant flows
through six-way valve 90 and second heat exchanger
unit 122 are formed between first compressor 11 and first
expansion valve 13. Thus, in the cooling operation, both
firstheat exchanger unit 121 and second heat exchanger
unit 122 are each used as a condenser in condensation
device 12.

(Operation of Switching Device 802 during Pressure In-
crease Suppression Operation)

[0211] Next, an operation of binary refrigeration appa-
ratus 10E in the pressure increase suppression operation
will be described with reference to Fig. 25. In Fig. 25, flow
of the first refrigerant and flow of the second refrigerant
in the pressure increase suppression operation are indi-
cated by straight arrows.

[0212] Inthepressureincrease suppressionoperation,
first heat exchanger unit 121 is used as a condenser and
second heat exchanger unit 122 is used as an evaporator
in condensation device 12. In the pressure increase sup-
pression operation, controller 100 controls six-way valve
90 and sixth on-off valve 95 so as to form, between first
compressor 11 and first expansion valve 13 in switching
device 802, a path in which the first refrigerant flows
through first heat exchanger unit 121 and six-way valve
90. Further, controller 100 controls six-way valve 90 and
sixth on-off valve 95 so as to form, between first expan-
sion valve 13 and evaporator unit 31 of cascade heat
exchanger 3 in switching device 802, a path in which the
first refrigerant flows through second heat exchanger unit
122 and six-way valve 90. In that case, controller 100
controls sixth on-off valve 95 to the closed state.

[0213] With such states of six-way valve 90 and sixth
on-off valve 95, a path in which the first refrigerant flows
through first heat exchanger unit 121 and six-way valve
90 is formed between first compressor 11 and first ex-
pansion valve 13, and a path in which the first refrigerant
flows through second heat exchanger unit 122 and six-
way valve 90 is formed between first expansion valve 13
and evaporator unit 31 of cascade heat exchanger 3.
Thus, in the pressure increase suppression operation,
first heat exchanger unit 121 is used as a condenser and
second heat exchanger unit 122 is used as an evaporator
in condensation device 12.

[0214] In this way, switching device 802 is controlled
by controller 100 so as to form the path similar to that in
switching device 80 described above during each of the
cooling operation and the pressure increase suppression
operation. Thus, in binary refrigeration apparatus 10E,
the path for the first refrigerant similar to the path in each
of binary refrigeration apparatus 10, binary refrigeration
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apparatus 10A, binary refrigeration apparatus 10B, bina-
ry refrigeration apparatus 10C, and binary refrigeration
apparatus 10D is formed during each of the cooling op-
eration and the pressure increase suppression opera-
tion.

[0215] Since switching device 802 comprises one six-
way valve in binary refrigeration apparatus 10E, the
number of components can be reduced, thereby sup-
pressing increased manufacturing cost. Further, since
switching device 802 comprises one six-way valve in bi-
nary refrigeration apparatus 10E, the number of valves
controlled by controller 100 can be reduced. As com-
pared with first four-way valve 86 and second four-way
valve 87 of the thirteenth embodiment, a work of sealing
the port is not necessary for six-way valve 90, thereby
improving workability in constructing binary refrigeration
apparatus 10E. With such animprovement in workability,
processing cost for devices can be reduced.

Sixteenth Embodiment.

(Example in which Evaporation of First Refrigerant Is Per-
formed in Second Heat Exchanger Unit 122 After Cas-
cade Heat Exchanger 3)

[0216] Next, as a sixteenth embodiment, the following
describes an example in which the first refrigerant ex-
panded by firstexpansion valve 13 is evaporated in evap-
orator unit 31 of cascade heat exchanger 3, is then evap-
oratedin second heatexchanger unit 122, andis supplied
to first compressor 11 in the pressure increase suppres-
sion operation.

[0217] Fig. 26 is a diagram showing an overall config-
uration of a binary refrigeration apparatus 10F according
to the sixteenth embodiment. Binary refrigeration appa-
ratus 10F shown in Fig. 26 is different from binary refrig-
eration apparatus 10A shown in Fig. 5 and the like in the
following point. Between first expansion valve 13 and the
inlet of first compressor 11, switching device 80 and cas-
cade heat exchanger 3 are provided in a positional rela-
tion opposite to that of binary refrigeration apparatus 10A.
[0218] Specifically, between first expansion valve 13
and the suction side of first compressor 11, cascade heat
exchanger 3 is provided at a position close to first expan-
sion valve 13 with respect to switching device 80. In other
words, between first expansion valve 13 and the suction
side of first compressor 11, switching device 80 is pro-
vided at a position close to the suction side of first com-
pressor 11 with respect to cascade heat exchanger 3.

(Operation of Binary Refrigeration Apparatus 10F during
Cooling Operation)

[0219] An operation of binary refrigeration apparatus
10F during the cooling operation is the same as the op-
eration of binary refrigeration apparatus 10A during the
cooling operation shown in Fig. 5 and the like. However,
during the cooling operation of binary refrigeration appa-
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ratus 10F, the first refrigerant expanded by first expan-
sion valve 13 is evaporated in evaporator unit 31 of cas-
cade heat exchanger 3, and is then supplied to the inlet
of first compressor 11 through fifth on-off valve 85.

(Operation of Switching Device 802 during Pressure In-
crease Suppression Operation)

[0220] Next, an operation of binary refrigeration appa-
ratus 10E in the pressure increase suppression operation
will be described with reference to Fig. 26. In Fig. 26, flow
of the first refrigerant and flow of the second refrigerant
in the pressure increase suppression operation are indi-
cated by straight arrows.

[0221] Inthepressureincrease suppressionoperation,
controller 100 brings first on-off valve 81, second on-off
valve 82, and fifth on-off valve 85 into the closed state
and brings third on-off valve 83 and fourth on-off valve
84 into the opened state in switching device 80.

[0222] With such states of first on-off valve 81 to fifth
on-off valve 85, in the pressure increase suppression op-
eration, a path in which the first refrigerant flows through
only first heat exchanger unit 121 of condensation device
12 is formed between the suction side of first compressor
11 and first expansion valve 13. Thus, in the pressure
increase suppression operation, since the high-temper-
ature high-pressure first refrigerant discharged from first
compressor 11 flows only to first heat exchanger unit 121
as indicated by an arrow in the figure, only first heat ex-
changer unit 121 is used as a condenser in condensation
device 12.

[0223] Inthepressureincrease suppressionoperation,
the first refrigerant expanded by first expansion valve 13
is first supplied to evaporator unit 31 of cascade heat
exchanger 3 and exchanges heat with the outdoor air to
result in a first stage of evaporation. In switching device
80, fifth on-off valve 85 is in the closed state and third
on-off valve 83 and fourth on-off valve 84 are each in the
opened state. Therefore, the first refrigerant that has
passed through evaporator unit 31 of cascade heat ex-
changer 3 is supplied to the inlet of first compressor 11
through fourth on-off valve 84, second heat exchanger
unit 122, and third on-off valve 83. The first refrigerant
having flowed into second heat exchanger unit 122 ex-
changes heat with the outdoor air to result in a second
stage of evaporation.

[0224] Controller 100 controls the flow rate of the heat
exchange medium to be supplied from second fan 124
to second heat exchanger unit 122 such that a temper-
ature or degree of superheat obtained through the de-
tection value of first suction temperature sensor 42 be-
comes a predetermined threshold value.

[0225] In binary refrigeration apparatus 10F according
to the sixteenth embodiment, basically, various types of
control similar to those in binary refrigeration apparatus
10 according to the first embodiment are performed by
controller 100.

[0226] It should be noted that binary refrigeration ap-
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paratus 10F according to the sixteenth embodiment is
differentfrom binary refrigeration apparatus 10 according
to the first embodiment in that the degree of superheat
obtained through the detection value of first suction tem-
perature sensor 42 can be setup to a degree of superheat
corresponding to the outdoor air temperature.

[0227] Since switching device 80 is provided between
cascade heat exchanger 3 and first compressor 11 in
first refrigeration cycle 1 in the configuration of binary
refrigeration apparatus 10F, the state of the refrigerant
on the outlet side of cascade heat exchanger 3 does not
need to be the superheated gas state in order to suppress
the liquid back to first compressor 11.

[0228] Since the state of the refrigerant at the outlet
side of cascade heat exchanger 3 does not need to be
the superheated gas state in the configuration of binary
refrigeration apparatus 10F, the cooling in second refrig-
eration cycle 2 can be performed more efficiently. Thus,
the evaporation temperature of second refrigeration cy-
cle 2 when the pressure in second refrigeration cycle 2
becomes the reference pressure can be made higher
than that in binary refrigeration apparatus 10 of the first
embodiment.

[0229] Since the evaporation temperature of second
refrigeration cycle 2 when the pressure in second refrig-
eration cycle 2 becomes the reference pressure can be
made higher than that in binary refrigeration apparatus
10 of the first embodiment in the configuration of binary
refrigeration apparatus 10F, a compression ratio of first
compressor 11 infirst refrigeration cycle 1 in the pressure
increase suppression operation can be made small,
thereby reducing driving electric power for first compres-
sor 11. Thus, power consumption of binary refrigeration
apparatus 10F can be reduced.

[0230] In the configuration of binary refrigeration ap-
paratus 10F, the suction temperature of first compressor
11 can be made higher than that in the first embodiment.
Thus, occurrence of liquid back to first compressor 11
can be more suppressed than in the first embodiment,
thereby improving reliability of binary refrigeration appa-
ratus 10F.

(Conclusion of the Embodiments)

[0231] The embodiments described above will be de-
scribed again with reference to the figures.

[0232] The present disclosure relates to a binary re-
frigeration apparatus 10. Binary refrigeration apparatus
10 comprises: a first refrigeration cycle 1 in which a first
refrigerant circulates, first refrigeration cycle 1 compris-
ing a first compressor 11, a condensation device 12, a
first expansion valve 13, and a cascade heat exchanger
3; and a second refrigeration cycle 2 in which a second
refrigerant circulates, second refrigeration cycle 2 com-
prising a second compressor 21, cascade heat exchang-
er 3, a second expansion valve 23, and an evaporator
24. Cascade heat exchanger 3 is used as an evaporator
in first refrigeration cycle 1 and as a condenser in second
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refrigeration cycle 2 by performing heat exchange be-
tween the first refrigerant and the second refrigerant.
Condensation device 12 comprises a first heat exchang-
er unit 121 configured to condense the first refrigerant,
and a second heat exchanger unit 122 configured to con-
dense or evaporate the first refrigerant. Binary refriger-
ation apparatus 10 further comprises a switching device
80 configured to switch a state of second heat exchanger
unit 122 between a first state in which the first refrigerant
is condensed and a second state in which the first refrig-
erant is evaporated. In a cooling operation that is a first
operation for performing cooling by evaporator 24 in sec-
ond refrigeration cycle 2, switching device 80 is config-
ured to bring second heat exchanger unit 122 into the
first state, and in a pressure increase suppression oper-
ation that is a second operation for suppressing a pres-
sure in second refrigeration cycle 2, switching device 80
is configured to bring second heat exchanger unit 122
into the second state.

[0233] With such a configuration, in the second oper-
ation for suppressing the pressure in second refrigeration
cycle 2, since second heat exchanger unit 122 of con-
densation device 12 is switched by switching device 80
to the second state in which the first refrigerant is evap-
orated, a capacity for evaporating the first refrigerant in
first refrigeration cycle 1 is increased in the second op-
eration for suppressing the pressure in second refriger-
ation cycle 2, thereby stabilizing the operation state of
first refrigeration cycle 1 when second refrigeration cycle
2 is stopped.

[0234] Preferably, switching device 80 comprises a
first on-off valve 81, a second on-off valve 82, a third on-
off valve 83, a fourth on-off valve 84, and a fifth on-off
valve 85, each of which serves as a switching valve. The
switching valve is configured to switch the state of second
heat exchanger unit 122 between the first state and the
second state by switching a path in which the first refrig-
erant is supplied to second heat exchanger unit 122.
[0235] With such a configuration, switching device 80
can use the switching valve such as first on-off valve 81,
second on-off valve 82, third on-off valve 83, fourth on-
off valve 84, and fifth on-off valve 85 so as to switch the
path in which the first refrigerant is supplied to second
heat exchanger unit 122, thereby switching the state of
second heat exchanger unit 122 between the first state
and the second state.

[0236] Preferably, binary refrigeration apparatus 10
further comprises a controller 100 configured to control
switching device 80. Controller 100 is configured to con-
trol the switching valve such as first on-off valve 81, sec-
ond on-off valve 82, third on-off valve 83, fourth on-off
valve 84, and fifth on-off valve 85 so as to switch the path
in which the first refrigerant is supplied to second heat
exchanger unit 122.

[0237] With such a configuration, by controlling switch-
ing device 80 by controller 100, it is possible to perform
the control to switch the path in which the first refrigerant
is supplied to second heat exchanger unit 122.
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[0238] Preferably, the path in which the first refrigerant
is supplied to the second heat exchanger unit comprises
a first path provided between first compressor 11 and
first expansion valve 13, and a second path provided
between first expansion valve 13 and cascade heat ex-
changer 3. Controller 100 is configured to control the
switching valve such as first on-off valve 81, second on-
off valve 82, third on-off valve 83, fourth on-off valve 84,
and fifth on-off valve 85 so as to perform control to switch
between the first path and the second path.

[0239] With such a configuration, by controlling switch-
ing device 80 by controller 100, it is possible to perform
the control to switch the path in which the first refrigerant
is supplied to second heat exchanger unit 122.

[0240] Preferably, the switching valve comprises: a
first on-off valve 81, a second on-off valve 82, a third on-
off valve 83, and a fourth on-off valve 84, each of which
serves as a first switching valve configured to switch be-
tween a first connection state and a second connection
state, the first connection state being a state in which
second heat exchanger unit 122 is connected to a path
for the first refrigerant between first compressor 11 and
first expansion valve 13, the second connection state be-
ing a state in which second heat exchanger unit 122 is
connected to a path for the first refrigerant between first
expansion valve 13 and cascade heat exchanger 3; and
afifth on-off valve 85 serving as a second switching valve
configured to switch the path for the first refrigerant be-
tween first expansion valve 13 and cascade heat ex-
changer 3 from a first supply path to a second supply
path in the second connection state, the first supply path
being a path in which the first refrigerant is directly sup-
plied from first expansion valve 13 to cascade heat ex-
changer 3, the second supply path being a path in which
the first refrigerant is supplied from the first expansion
valve to the cascade heat exchanger via the second heat
exchanger unit. When switching from the first operation
to the second operation, controller 100 is configured to
switch second heat exchanger unit 122 to the second
connection state using the first switching valve and then
switch the path for the first refrigerant from the first supply
path to the second supply path using second switching
valve 185.

[0241] With such a configuration, part of the first refrig-
erant having flowed out from first expansion valve 13
flows into second heat exchanger unit 122, and the first
refrigerant pushes out the liquid refrigerant in second
heat exchanger unit 122. Thus, the flow velocity of the
firstrefrigerantin second heat exchanger unit 122 is slow-
er than that when a whole of the first refrigerant having
flowed out from first expansion valve 13 flows into second
heat exchanger unit 122 at once, with the result that the
first refrigerant can be brought into a more superheated
gas state at the outlet portion of second heat exchanger
unit 122.

[0242] Preferably, binary refrigeration apparatus 10
further comprises: a first fan 123 serving as a first sup-
plying device configured to supply first heat exchanger
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unit 121 with a first heat exchange medium for adjusting
an amount of heat exchange of first heat exchanger unit
121; and a second fan 124 serving as a second supplying
device configured to supply second heat exchanger unit
122 with a second heat exchange medium for adjusting
an amount of heat exchange of second heat exchanger
unit 122. Controller 100 is configured to control an
amount of supply of the first heat exchange medium by
the first supplying device, and is configured to control an
amount of supply of the second heat exchange medium
by the second supplying device.

[0243] With such a configuration, since controller 100
can control the amount of supply of the first heat ex-
change medium so as to allow first heat exchanger unit
121 to have a temperature suitable for condensation and
can control the amount of supply of the first heat ex-
change medium so as to allow second heat exchanger
unit 122 to have a temperature suitable for condensation
or evaporation, the amount of supply of the first heat ex-
change medium and the amount of supply of the second
heat exchange medium can be adjusted so as to individ-
ually allow each of first heat exchanger unit 121 and sec-
ond heat exchanger unit 122 to have a temperature suit-
able for condensation or evaporation.

[0244] Preferably, a supply path for the first heat ex-
change medium is different from a supply path for the
second heat exchange medium. With such a configura-
tion, one of first heat exchanger unit 121 and second heat
exchanger unit 122 can be suppressed from being af-
fected by heat from a heat medium that is the heat ex-
change medium supplied to the other. Thus, heat ex-
change of the first refrigerant is promoted in each of first
heat exchanger unit 121 and second heat exchanger unit
122, thereby improving a heat exchange capacity for the
first refrigerant.

[0245] Preferably, when switching from the cooling op-
eration serving as the first operation to the pressure in-
crease suppression operation serving as the second op-
eration, controller 100 is configured to increase the
amount of supply of the first heat exchange medium by
first fan 123 serving as the first supplying device as com-
pared with the first operation (step S3), and then increase
the amount of supply of the second heat exchange me-
dium by second fan 124 serving as the second supplying
device as compared with the first operation (step S4).
[0246] With such a configuration, since the amount of
supply of the first heat exchange medium by first fan 123
serving as the first supplying device is increased as com-
pared with the first operation, condensation by first heat
exchanger unit 121 can be promoted, thereby relatively
reducing the amount of the first refrigerant in second heat
exchanger unit 122. Since the amount of the first refrig-
erant in second heat exchanger unit 122 to be switched
to the evaporator is reduced in this way, occurrence of
liquid back in first compressor 11 can be suppressed
when second heat exchanger unit 122 is switched to the
evaporator.

[0247] Preferably, when switching from the cooling op-
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eration serving as the first operation to the pressure in-
crease suppression operation serving as the second op-
eration, controller 100 is configured to increase the
amount of supply of the second heat exchange medium
by the second supplying device as compared with the
first operation, and then switch the state of the second
heat exchanger unit to the second state using the switch-
ing device.

[0248] With such a configuration, since a large amount
of the heat exchange medium can be supplied to second
heat exchanger unit 122 immediately after switching to
the pressure increase suppression operation serving as
the second operation, evaporation in second heat ex-
changer unit 122 after switching to the second operation
can be further promoted.

[0249] Preferably, when switching from the cooling op-
eration serving as the first operation to the pressure in-
crease suppression operation serving as the second op-
eration, controller 100 is configured to increase the
amount of supply of the first heat exchange medium by
first fan 123 serving as the first supplying device as com-
pared with the first operation (step S3), and then increase
the amount of supply of the second heat exchange me-
dium by second fan 124 serving as the second supplying
device as compared with the first operation (step S4),
and is configured to switch the state of the second heat
exchanger unit to the second state using the switching
device (step S5) after increasing the amount of supply
of the second heat exchange medium by the second sup-
plying device (step S4).

[0250] With such a configuration, the amount of the
first refrigerant inside second heat exchanger unit 122 to
be switched to the evaporator is reduced, with the result
that occurrence of liquid back in first compressor 11 can
be suppressed when second heat exchanger unit 122 is
switched to the evaporator. Then, a large amount of the
heat exchange medium can be supplied to second heat
exchanger unit 122 immediately after switching to the
pressure increase suppression operation serving as the
second operation, thereby further promoting evaporation
in second heat exchanger unit 122 after switching to the
second operation.

[0251] Preferably, binary refrigeration apparatus 10
further comprises a second suction pressure sensor 44
serving as a pressure sensor configured to detect a pres-
sure of a path between second compressor 21 and cas-
cade heat exchanger 3. In the pressure increase sup-
pression operation serving as the second operation, con-
troller 100 is configured to control the second heat ex-
change medium to be supplied from second fan 124 serv-
ing as the second supplying device to second heat ex-
changer unit 122, so as to cause the pressure detected
by the pressure sensor to fall within a reference range
(steps S12 to S14).

[0252] With such a configuration, since the second
heat exchange medium to be supplied from second fan
124 to second heat exchanger unit 122 is controlled to
cause the pressure in second refrigeration cycle 2 to fall
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within the reference range between a first threshold value
and a second threshold value, the heat exchange capac-
ity of cascade heat exchanger 3 can be adjusted in ac-
cordance with a situation that changes the pressure in
second refrigeration cycle 2, such as outdoor air temper-
ature and disturbance.

[0253] Preferably, binary refrigeration apparatus 10
further comprises: an outdoor air temperature sensor 49
configured to detect an outdoor air temperature; and a
second suction pressure sensor 44 serving as a pressure
sensor configured to detect a pressure of a path between
second compressor 21 and the cascade heat exchanger.
In the pressure increase suppression operation serving
as the second operation, controller 100 is configured to
stop the first compressor when the outdoor air tempera-
ture detected by outdoor air temperature sensor 49 is
lower than a first reference value and the pressure de-
tected by the pressure sensor is lower than a second
reference value (step S25).

[0254] With such a configuration, for example, when it
is recognized that there is no possibility of exceeding the
pressure resistance of each of tubes and devices even
through the pressure increase suppression operation is
not performed, the operation of first refrigeration cycle 1
can be stopped by stopping the first compressor.
[0255] Preferably, firstheat exchanger unit 121 is aflat
tube 50 type heat exchanger. With such a configuration,
heat exchange efficiency of first heat exchanger unit 121
can be improved.

[0256] Preferably, first heat exchanger unit 121 has a
larger volume than a volume of second heat exchanger
unit 122. With such a configuration, condensation per-
formance of first heat exchanger unit 121 during the pres-
sure increase control operation is improved, thereby sup-
pressing the pressure in first refrigeration cycle 1 from
being increased excessively during the pressure in-
crease control operation.

[0257] The embodiments disclosed herein are illustra-
tive and non-restrictive in any respect. The scope of the
present disclosure is defined by the terms of the claims,
rather than the embodiments described above, and is
intended to include any modifications within the scope
and meaning equivalent to the terms of the claims.

REFERENCE SIGNS LIST

[0258] 10:binary refrigeration apparatus; 11: first com-
pressor; 12: condensation device; 13: first expansion
valve; 3: cascade heat exchanger; 1: first refrigeration
cycle; 21: second compressor; 23: second expansion
valve; 24: evaporator; 121: first heat exchanger unit; 122:
second heat exchanger unit; 80: switching device.

Claims

1. A binary refrigeration apparatus comprising:
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a first refrigeration cycle in which a first refriger-
ant circulates, the first refrigeration cycle com-
prising a first compressor, a condensation de-
vice, afirst expansion valve, and a cascade heat
exchanger; and

a second refrigeration cycle in which a second
refrigerant circulates, the second refrigeration
cycle comprising a second compressor, the cas-
cade heat exchanger, a second expansion
valve, and an evaporator, wherein

the cascade heat exchangeris used as an evap-
oratorin the firstrefrigeration cycle and as a con-
denser in the second refrigeration cycle by per-
forming heat exchange between the first refrig-
erant and the second refrigerant, and

the condensation device comprising

a first heat exchanger unit configured to
condense the first refrigerant, and

a second heat exchanger unit configured to
condense or evaporate the first refrigerant,

the binary refrigeration apparatus further com-
prising a switching device configured to switch
a state of the second heat exchanger unit be-
tween a first state in which the first refrigerant is
condensed and a second state in which the first
refrigerant is evaporated, wherein

in a first operation for performing cooling by the
evaporator in the second refrigeration cycle, the
switching device is configured to bring the sec-
ond heat exchanger unit into the first state, and
in a second operation for suppressing a pres-
sure in the second refrigeration cycle, the
switching device is configured to bring the sec-
ond heat exchanger unit into the second state.

2. The binary refrigeration apparatus according to
claim 1, wherein

the switching device comprises a switching
valve, and

the switching valve is configured to switch the
state of the second heat exchanger unitbetween
the first state and the second state by switching
a path in which the first refrigerant is supplied to
the second heat exchanger unit.

3. The binary refrigeration apparatus according to
claim 2, further comprising a controller configured to
control the switching device, wherein
the controller is configured to control the switching
valve so as to switch the path in which the first re-
frigerant is supplied to the second heat exchanger
unit.

4. The binary refrigeration apparatus according to
claim 3, wherein
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the path in which the first refrigerant is supplied
to the second heat exchanger unit comprises

a first path provided between the first com-
pressor and the first expansion valve, and
a second path provided between the first
expansion valve and the cascade heat ex-
changer, and

the controller is configured to control the switch-
ing valve so as to switch between the first path
and the second path.

The binary refrigeration apparatus according to
claim 3 or 4, wherein
the switching valve comprises

a first switching valve configured to switch be-
tween a first connection state and a second con-
nection state, the first connection state being a
state in which the second heat exchanger unit
is connected to a path for the first refrigerant
between the first compressor and the first ex-
pansion valve, the second connection state be-
ing a state in which the second heat exchanger
unitis connected to a path for the first refrigerant
between the first expansion valve and the cas-
cade heat exchanger, and

a second switching valve configured to switch
the path for the first refrigerant between the first
expansion valve and the cascade heat exchang-
er from a first supply path to a second supply
path in the second connection state, the first
supply path being a path in which the first refrig-
erantis directly supplied from the first expansion
valve to the cascade heat exchanger, the sec-
ond supply path being a path in which the first
refrigerant is supplied from the first expansion
valve to the cascade heatexchanger viathe sec-
ond heat exchanger unit, and

when switching from the first operation to the
second operation, the controller is configured to
switch the second heat exchanger unit to the
second connection state using the first switching
valve, and then switch the path for the first re-
frigerant from the first supply path to the second
supply path using the second switching valve.

6. The binary refrigeration apparatus according to any

one of claims 3 to 5, further comprising:

a first supplying device configured to supply the
first heat exchanger unit with a first heat ex-
change medium for adjusting an amount of heat
exchange of the first heat exchanger unit; and

a second supplying device configured to supply
the second heat exchanger unit with a second
heat exchange medium for adjusting an amount
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of heat exchange of the second heat exchanger
unit, wherein

the controller is configured to control an amount
of supply of the first heat exchange medium by
the first supplying device, and is configured to
control an amount of supply of the second heat
exchange medium by the second supplying de-
vice.

The binary refrigeration apparatus according to
claim 6, wherein a supply path for the first heat ex-
change medium is different from a supply path for
the second heat exchange medium.

The binary refrigeration apparatus according to
claim 6 or 7, wherein when switching from the first
operation to the second operation, the controller is
configured to increase the amount of supply of the
first heat exchange medium by the first supplying
device as compared with the first operation, and then
increase the amount of supply of the second heat
exchange medium by the second supplying device
as compared with the first operation.

The binary refrigeration apparatus according to
claim 6 or 7, wherein when switching from the first
operation to the second operation, the controller is
configured to increase the amount of supply of the
second heat exchange medium by the second sup-
plying device as compared with the first operation
and then switch the state of the second heat ex-
changer unit to the second state using the switching
device.

The binary refrigeration apparatus according to
claim 6 or 7, wherein

when switching from the first operation to the second
operation,

the controller is configured to increase the
amount of supply of the first heat exchange me-
dium by the first supplying device as compared
with the first operation, and then increase the
amount of supply of the second heat exchange
medium by the second supplying device as com-
pared with the first operation, and

the controller is configured to switch the state of
the second heat exchanger unit to the second
state using the switching device afterincreasing
the amount of supply of the second heat ex-
change medium by the second supplying de-
vice.

The binary refrigeration apparatus according to any
one of claims 6 to 10, further comprising a pressure
sensor configured to detect a pressure of a path be-
tween the second compressor and the cascade heat
exchanger, wherein



12.

13.

14.

51 EP 4 421 410 A1

in the second operation, the controller is configured
to control the second heat exchange medium to be
supplied from the second supplying device to the
second heatexchanger unit, so as to cause the pres-
sure detected by the pressure sensor to fall within a
reference range.

The binary refrigeration apparatus according to any
one of claims 6 to 10, further comprising:

an outdoor air temperature sensor configured to
detect an outdoor air temperature; and

a pressure sensor configured to detect a pres-
sure of a path between the second compressor
and the cascade heat exchanger, wherein

in the second operation, the controller is config-
ured to stop the first compressor when the out-
door air temperature detected by the outdoor air
temperature sensor is lower than a first refer-
ence value and the pressure detected by the
pressure sensor is lower than a second refer-
ence value.

The binary refrigeration apparatus according to any
one of claims 1 to 12, wherein the first heat exchang-
er unit is a flat tube type heat exchanger.

The binary refrigeration apparatus according to any
one of claims 1 to 13, wherein the first heat exchang-
er unit has a larger volume than a volume of the
second heat exchanger unit.
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