EP 4 579 141 A1

(1 9) Européisches

Patentamt
European
Patent Office
Office européen

des brevets

(11) EP 4 579 141 A1

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

(43) Date of publication: (51) International Patent Classification (IPC):

02.07.2025 Bulletin 2025/27
(21) Application number: 23857425.5

(22) Date of filing: 24.08.2023

F25B 7/00 (2006.0") F25B 1/00 (2006.0)

(52) Cooperative Patent Classification (CPC):

F25B 1/00; F25B 7/00

(86) International application number:

PCT/JP2023/030580

(87) International publication number:

WO 2024/043317 (29.02.2024 Gazette 2024/09)

(84) Designated Contracting States: (71) Applicant: Fujitsu General Limited

AL AT BEBG CH CY CZ DE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC ME MK MT NL

Kawasaki-shi, Kanagawa 213-8502 (JP)

NO PL PT RO RS SE SI SK SM TR (72) Inventor: MAEMA Yoshinari

Designated Extension States: Kawasaki-shi, Kanagawa 213-8502 (JP)
BA

Designated Validation States: (74) Representative: TBK

KH MA MD TN Bavariaring 4-6

(30) Priority: 25.08.2022 JP 2022134069

80336 Miinchen (DE)

(54) REFRIGERATION DEVICE

(57)  Provided is a refrigeration device which can
switch between a single operation and a dual operation
and which can restrain heat-leakage from a use side
device to a refrigerant circuit side via a heat exchanger
that does not function as a heat exchanger with no
refrigerant flowing therethrough. The refrigeration device
includes: a high-order side refrigerant circuit (2) config-
ured such that a high-order side heat medium heat ex-
changer (11) configured to perform heat-exchange with a
heat medium and a cascade heat exchanger (13) are
sequentially connected via refrigerant pipes; a low-order
side refrigerant circuit (3) configured such that the cas-
cade heat exchanger (13), a low-order side heat medium
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heat exchanger (24) connected in parallel with the cas-
cade heat exchanger (13) and configured to perform
heat-exchange with the heat medium, and a low-order
side heat exchanger (22) are sequentially connected via
refrigerant pipes; and a control unit (5) configured to
control the high-order side refrigerant circuit (2) and
the low-order side refrigerant circuit (3). The control unit
(5) cab switch between the single operation and the dual
operation. The low-order side heat medium heat exchan-
ger (24) includes low-order side cutoff units (40), (41),
and the high-order side heat medium heatexchanger (11)
includes high-order side cutoff units (42), (43).
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Description
Technical Field

[0001] The present invention relates to a refrigeration
device that can switch between a single operation in
which the refrigeration device is operated by one refrig-
erant circuit and a dual operation in which the refrigera-
tion device is operated by two refrigerant circuits are used
using a cascade heat exchanger.

Background Art

[0002] A cascaderefrigeration systeminthe related art
includes a high-temperature side refrigerant circuit, a
low-temperature side refrigerant circuit, and a cascade
heat exchanger (an intermediate heat exchanger)
shared by the high-temperature side refrigerant circuit
and the low-temperature side refrigerant circuit. The
cascade heat exchanger works as an evaporator for a
high-temperature side refrigerant circulating through the
high-temperature side refrigerant circuit and works as a
condenser for a low-temperature side refrigerant circu-
lating through the low-temperature side refrigerant cir-
cuit. Thatiis, the cascade heat exchanger performs heat-
exchange between the high-temperature side refrigerant
and the low-temperature side refrigerant so that a cooling
bath (a box in which a cooled targetis placed)is cooled by
the low-order side refrigerant circulating through the low-
temperature side refrigerant circuit. Thus, in the cascade
refrigeration system, the cascade heat exchanger per-
forms heat-exchange between the refrigerant circulating
through the high-temperature side refrigerant circuit and
the refrigerant circulating through the low-temperature
side refrigerant circuit, thereby making it possible to
increase cooling performance by cooling the cooling bath
to a lower temperature than a refrigeration device that
performs a normal single operation.

[0003] Thus, the cascade refrigeration system can in-
crease the cooling performance. In the meantime, two
refrigerant circuits, i.e., the high-temperature side refrig-
erant circuit and the low-temperature side refrigerant
circuit, are operated, so that the cascade refrigeration
system consumes more energy. On this account, in a
case where the cooling performance is not so necessary,
the single operation may be suitable.

[0004] Inview of this, PTL 1 discloses a cooling device
that switches between a single operation and a dual
operation depending on necessary performance or tem-
perature changes so as to improve operating efficiency.
[0005] A refrigeration device described in PTL 1 in-
cludes: a low-temperature side refrigerant circuit includ-
ing a low-temperature side condenser and a low-tem-
perature side evaporator such that a low-temperature
side refrigerant circulating through the low-temperature
side refrigerant circuit absorbs heat in the low-tempera-
ture side evaporator; and a high-temperature side refrig-
erant circuit including a high-temperature side conden-
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ser, a high-temperature side first evaporator, and a high-
temperature side second evaporator such that a high-
temperature side refrigerant circulating through the high-
temperature side refrigerant circuit absorbs heat in the
high-temperature side first evaporator or the high-tem-
perature side second evaporator. A cascade heat ex-
changer working as the low-temperature side condenser
and the high-temperature side second evaporator is
formed. The refrigeration device can perform a single
operation in which the high-temperature side refrigerant
is circulated through the high-temperature side first eva-
porator so as to cool a cooled object in the high-tempera-
ture side first evaporator. The refrigeration device can
also perform a dual operation in which the high-tempera-
ture side refrigerant is circulated through the high-tem-
perature side second evaporator and the low-order side
refrigerantis circulated through the low-temperature side
refrigerant circuit so that the high-temperature side re-
frigerant and the low-temperature side refrigerant ex-
change heat with each other in the cascade heat ex-
changer, and the cooled object is cooled in the low-
temperature side evaporator. The refrigeration device
can switch its operation between the single operation
and the dual operation.

Citation List
Patent Literature

[0006] PTL 1: JP 2009-2610 A

Summary of Invention
Technical Problem

[0007] However, in the cascade refrigeration system
described in PTL 1, in the case of the single operation, a
cooling bath side as a use side device absorbs heat from
the low-temperature side refrigerant circuit side via the
low-temperature side evaporator of the low-temperature
side refrigerant circuit that stops operating. In addition, in
the case of the dual operation, the cooling bath side as the
use side device absorbs heat from the high-temperature
side refrigerant circuit side via the high-temperature side
first evaporator through which no refrigerant flows so that
the high-temperature side first evaporator does not func-
tion as an evaporator (a heat exchanger). Accordingly,
the cascade refrigeration system described in PTL 1 has
a problem that the amount of heat to be exchanged
between the refrigerant in the use side device and the
cooled object is insufficient.

[0008] In view of the above problem, an object of the
present invention is to provide a refrigeration device
which can switch between a single operation and a dual
operation and which can restrain heat-leakage from a
use side device to a refrigerant circuit side via a heat
exchanger that does not function as a heat exchanger
with no refrigerant flowing therethrough.
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Solution to Problem

[0009] One aspect of the present invention is a refrig-
eration device including: a high-order side refrigerant
circuit configured such that a high-order side compres-
sor, a high-order side heat medium heat exchanger con-
figured to perform heat-exchange with a heat medium, a
high-order side pressure reduction mechanism, and a
cascade heat exchanger are sequentially connected via
refrigerant pipes to circulate a high-order side refrigerant
through the high-order side refrigerant circuit; a low-order
side refrigerant circuit configured such that a low-order
side compressor, the cascade heat exchanger, a low-
order side heat medium heat exchanger, a low-order side
pressure reduction mechanism, and a low-order side
heat exchanger are sequentially connected via refriger-
ant pipes to circulate a low-order side refrigerant through
the low-order side refrigerant circuit, the low-order side
heat medium heat exchanger being connected in parallel
with the cascade heat exchanger and configured to per-
form heat-exchange with the heat medium; and a control
unit configured to control the high-order side refrigerant
circuit and the low-order side refrigerant circuit. The
control unit switches between a single operation and a
dual operation, the single operation being an operationin
which the heat medium is heated by the low-order side
heat medium heat exchanger by circulating the low-order
side refrigerant through the low-order side refrigerant
circuit without circulating the high-order side refrigerant
through the high-order side refrigerant circuit, the dual
operation being an operation in which the heat medium is
heated by the high-order side heat medium heat exchan-
ger by circulating the high-order side refrigerant through
the high-order side refrigerant circuit, circulating the low-
order side refrigerant through the low-order side refrig-
erant circuit, and performing heat-exchange between the
high-order side refrigerant and the low-order side refrig-
erant in the cascade heat exchanger. The low-order side
refrigerant circuit includes a low-order side cutoff unit
configured to block the low-order side refrigerant from
flowing into the low-order side heat medium heat ex-
changer, and the high-order side refrigerant circuit in-
cludes a high-order side cutoff unit configured to block the
high-order side refrigerant from flowing into the high-
order side heat medium heat exchanger.

Advantageous Effects of Invention

[0010] The present invention can provide a refrigera-
tion device which can switch between a single operation
and a dual operation and which can restrain heat-leakage
from a use side device to a refrigerant circuit side via a
heat exchanger that does not function as a heat exchan-
ger with no refrigerant flowing therethrough.

Brief Description of Drawings

[0011]
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FIG. 1 is a refrigerant circuit diagram of a cascade
refrigeration system according to a first embodiment
of the present invention;

FIG. 2 is a control flow diagram of the cascade
refrigeration system according to the first embodi-
ment of the present invention;

FIG. 3 is a refrigerant circuit diagram of a cascade
refrigeration system according to a second embodi-
ment of the present invention;

FIG. 4 is a control flow diagram of the cascade
refrigeration system according to the second embo-
diment of the present invention; and

FIG. 5 is a refrigerant circuit diagram of a cascade
refrigeration systemaccording to a third embodiment
of the present invention.

Description of Embodiments

[0012] Embodiments of a cascade refrigeration sys-
tem according to the present invention will be hereinafter
described in detail with reference to the drawings. Note
the present invention is not limited by the embodiments.
[0013] FIG. 1 is a refrigerant circuit diagram of a cas-
cade refrigeration system 1 according to the present
embodiment. FIG. 2 is a control block diagram of the
cascade refrigeration system 1 according to the present
embodiment.

Examples

[0014] With reference to FIG. 1, the cascade refrigera-
tion system 1 according to the present embodiment will
be described. The cascade refrigeration system 1 is a
refrigeration device which can be used for a cooling
operation in a case where a high-order side heat medium
heat exchanger 11 is used as an evaporator and which
can be used for a heating operation in a case where the
high-order side heat medium heat exchanger 11 is used
as a condenser. The present embodiment deals with a
cascade refrigeration system used for the heating opera-
tion. The cascade refrigeration system 1 includes a high-
order side refrigerant circuit 2, alow-order side refrigerant
circuit 3, a heat medium circuit 4, and a control unit 5, and
the control unit 5 controls the cascade refrigeration sys-
tem 1.

[0015] The high-order side refrigerant circuit 2 is con-
figured such that a high-order side compressor 10, the
high-order side heat medium heat exchanger 11 config-
ured to perform heat-exchange with a heat medium such
as air or water, a high-order side expansion valve 12 as a
high-order side pressure reduction mechanism, and a
cascade heat exchanger 13 are sequentially connected
via refrigerant pipes 6 to circulate a high-order side re-
frigerant through the high-order side refrigerant circuit 2.
In the present embodiment, the high-order side heat
medium heat exchanger 11 is a heat exchanger config-
ured to perform heat-exchange between the high-order
side refrigerant and a heat medium flowing through the
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heat medium circuit4. The cascade heat exchanger 13 is
a heat exchanger configured to perform heat-exchange
between the high-order side refrigerant and a low-order
side refrigerant flowing through the low-order side refrig-
erant circuit 3. Note that, in the present embodiment, the
high-order side heat medium heat exchanger 11 is a heat
exchanger configured to perform heat-exchange be-
tween the high-order side refrigerant and the heat med-
ium flowing through the heat medium circuit 4 but may be
a heat exchanger configured to perform heat-exchange
with air as the heat medium to be sent by an air-sending
blower (not illustrated), for example. Arrows in the high-
order side refrigerant circuit 2 indicate flows of the high-
order side refrigerant in the heating operation.

[0016] In the high-order side refrigerant circuit 2, a
high-order side four-way valve 14 is connected to a
discharge side of the high-order side compressor 10,
and the high-order side four-way valve 14 is configured
to switch between a state where the high-order side
refrigerant discharged from the high-order side compres-
sor 10 flows toward the high-order side heat medium heat
exchanger 11 side and a state where the high-order side
refrigerant flows toward the cascade heat exchanger 13
side. The present embodiment deals with a case (the
heating operation) where the high-order side four-way
valve 14 causes the high-order side refrigerant dis-
charged from the high-order side compressor 10 to flow
toward the high-order side heat medium heat exchanger
11 side. Accordingly, in the high-order side refrigerant
circuit 2, the high-order side refrigerant discharged from
the high-order side compressor 10 flows through the
high-order side heat medium heat exchanger 11, the
high-order side expansion valve 12, and the cascade
heat exchanger 13 and is then sucked into the high-order
side compressor 10.

[0017] In the high-order side refrigerant circuit 2, a
high-order side first cutoff valve 42 is provided on the
upstream side (the upstream side in a refrigerant flow in
the heating operation) from the high-order side heat
medium heat exchanger 11, and a high-order side sec-
ond cutoff valve 43 is provided on the downstream side
(the downstream side in the refrigerant flow in the heating
operation) from the high-order side heat medium heat
exchanger 11. The high-order side first cutoff valve 42
and the high-order side second cutoff valve 43 are high-
order side cutoff units in the present invention. The high-
order side first cutoff valve 42 blocks the high-order side
refrigerant from flowing into the high-order side heat
medium heat exchanger 11 from the upstream side.
The high-order side second cutoff valve 43 blocks the
high-order side refrigerant from flowing into the high-
order side heat medium heat exchanger 11 from the
downstream side.

[0018] The low-order side refrigerant circuit 3 includes
a first circulation path 23 and a second circulation path
26. The first circulation path 23 is configured such that a
low-order side compressor 20, the cascade heat exchan-
ger 13 connected to the high-order side refrigerant circuit
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2, alow-order side first expansion valve 21 as a low-order
side pressure reduction mechanism, and a low-order
side heat exchanger 22 configured to absorb heat from
external air are sequentially connected via refrigerant
pipes 6 to circulate a low-order side refrigerant through
the first circulation path 23. The cascade heat exchanger
13 is a heat exchanger configured to perform heat-ex-
change between the low-order side refrigerant and the
high-order side refrigerant flowing through the high-order
side refrigerant circuit 2. Continuous-line arrows in the
low-order side refrigerant circuit 3 indicate flows of the
low-order side refrigerant.

[0019] In the low-order side refrigerant circuit 3, a re-
frigerant pipe connecting a low-order side four-way valve
27 (described later) to the cascade heat exchanger 13 is
connected to a refrigerant pipe connecting the low-order
side first expansion valve 21 to the low-order side heat
exchanger 22, via refrigerant pipes including a low-order
side heat medium heat exchanger 24 and a low-order
side second expansion valve 25. The low-order side heat
medium heat exchanger 24 performs heat-exchange
with the heat medium. Here, the low-order side second
expansion valve 25 is a low-order side second pressure
reduction mechanism. Thatis, the cascade heat exchan-
ger 13 and the low-order side heat medium heat exchan-
ger 24 are connected in parallel between the low-order
side four-way valve 27 placed on the upstream side and
the low-order side heat exchanger 22 placed on the
downstream side in the heating operation. The second
circulation path 26 is configured such that the low-order
side compressor 20, the low-order side heat medium
heat exchanger 24, the low-order side second expansion
valve 25, and the low-order side heat exchanger 22 are
sequentially connected. The low-order side refrigerant
circulate through the second circulation path 26.

[0020] In the low-order side refrigerant circuit 3, the
low-order side four-way valve 27 is connected to a dis-
charge side of the low-order side compressor 20. The
low-order side four-way valve 27 is configured to switch
between a state where the low-order side refrigerant
discharged from the low-order side compressor 20 flows
toward the cascade heat exchanger 13 side and the low-
order side heat medium heat exchanger 24 side and a
state where the low-order side refrigerant flows toward
the low-order side heat exchanger 22 side. The present
embodiment deals with a case (the heating operation)
where the low-order side four-way valve 27 causes the
low-order side refrigerant discharged from the low-order
side compressor 20 to flow toward the cascade heat
exchanger 13 side and the low-order side heat medium
heat exchanger 24 side. In this case, in the low-order side
refrigerant circuit 3, the low-order side refrigerant dis-
charged from the low-order side compressor 20 flows
through the cascade heat exchanger 13, the low-order
side first expansion valve 21, and the low-order side heat
exchanger 22 and is then sucked into the low-order side
compressor 20. The low-order side refrigerant dis-
charged from the low-order side compressor 20 also
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flows through the low-order side heat medium heat ex-
changer 24, the low-order side second expansion valve
25, and the low-order side heat exchanger 22 and is then
sucked into the low-order side compressor 20.

[0021] Inthe low-order side refrigerant circuit 3, a low-
order side first cutoff valve 40 is provided on the upstream
side (the upstream side in the refrigerant flow in the
heating operation) from the low-order side heat medium
heat exchanger 24, and a low-order side second cutoff
valve 41 is provided on the downstream side (the down-
stream side in the refrigerant flow in the heating opera-
tion) from the low-order side heat medium heat exchan-
ger 24. The low-order side first cutoff valve 40 and the
low-order side second cutoff valve 41 are low-order side
cutoff units in the present invention. The low-order side
first cutoff valve 40 blocks the low-order side refrigerant
from flowing into the low-order side heat medium heat
exchanger 24 from the upstream side. The low-order side
second cutoff valve 41 blocks the low-order side refrig-
erant from flowing into the low-order side heat medium
heat exchanger 24 from the downstream side.

[0022] In the low-order side refrigerant circuit 3, the
low-order side compressor 20, the low-order side heat
exchanger 22, and the low-order side four-way valve 27
are used in common for the first circulation path 23 and
the second circulation path 26.

[0023] The heat medium circuit 4 is configured such
that a circulating pump 30, a use side heat exchanger 31
configured to perform heat-exchange between air in a
room and the heat medium, the low-order side heat
medium heat exchanger 24, and the high-order side heat
medium heat exchanger 11 are sequentially connected
via pipes 32 to circulate water as the heat medium
through the heat medium circuit 4. Note that nonfreezing
liquid may be used instead of the water as the heat
medium. The use side heat exchanger 31 performs
heat-exchange between the water as the heat medium
and the air in the room, and the air subjected to the heat-
exchange with the water as the heat medium is used for
heating. The high-order side heat medium heat exchan-
ger 11 is a heat exchanger configured to perform heat-
exchange between the water as the heat medium and the
high-order side refrigerant flowing through the high-order
side refrigerant circuit 2. The low-order side heat medium
heat exchanger 24 is a heat exchanger configured to
perform heat-exchange between the water as the heat
medium and the low-order side refrigerant flowing
through the low-order side refrigerant circuit 3. An arrow
in the heat medium circuit 4 indicates a flow of the water
as the heat medium.

[0024] The cascade refrigeration system 1 is a refrig-
eration device which uses a change in latent heat of the
high-order side refrigerant in the high-order side refrig-
erant circuit 2 and a change in latent heat of the low-order
side refrigerant in the low-order side refrigerant circuit 3
and which uses a change in sensible heat of the heat
medium (water) in the heat medium circuit 4. Note that, in
the present embodiment, the high-order side refrigerant
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in the high-order side refrigerant circuit 2 is the same
refrigerant as the low-order side refrigerant in the low-
order side refrigerant circuit 3, but they may not neces-
sarily be the samerefrigerant. For example, the low-order
side refrigerant may have a boiling pointlower than that of
the high-order side refrigerant. Alternatively, a refrigerant
whose change in latent heat is usable for the heat med-
ium circuitmay be used. In this case, the circulating pump
30 of the heat medium circuit is replaced with a compres-
sor, and an expansion valve or the like is provided as a
pressure reduction mechanismin a path between the use
side heat exchanger 31 and the low-order side heat
medium heat exchanger 24.

[0025] The cascade refrigeration system 1 also in-
cludes a high-order side heat-exchanger heat medium
inlet temperature sensor 46 and a high-order side heat-
exchanger refrigerant inlet temperature sensor 47. The
high-order side heat-exchanger heat medium inlet tem-
perature sensor 46 measures a temperature of the heat
medium in the heat medium circuit 4 at the time when the
heat medium flows into the high-order side heat medium
heat exchanger 11. The high-order side heat-exchanger
refrigerant inlet temperature sensor 47 measures a tem-
perature of the high-order side refrigerant discharged
from the high-order side compressor 10 and flowing into
the high-order side heat medium heatexchanger 11 inthe
high-order side refrigerant circuit 2.

[0026] The cascade refrigeration system 1 also in-
cludes a low-order side heat-exchanger heat medium
inlet temperature sensor 48 and a low-order side heat-
exchanger refrigerant inlet temperature sensor 49. The
low-order side heat-exchanger heat medium inlet tem-
perature sensor 48 measures a temperature of the heat
medium in the heat medium circuit 4 at the time when the
heat medium flows into the low-order side heat medium
heat exchanger 24. The low-order side heat-exchanger
refrigerant inlet temperature sensor 49 measures a tem-
perature of the low-order side refrigerant discharged from
the low-order side compressor 20 and flowing into the
low-order side heat medium heat exchanger 24 in the
low-order side refrigerant circuit 3.

[0027] As such, four temperature sensors are at-
tached to the cascade refrigeration system 1, but the
types of the temperature sensors to be used may be any
types of sensors.

[0028] In the cascade refrigeration system 1, the low-
order side refrigerant turned into a high-temperature
high-pressure gas phase refrigerant compressed by
the low-order side compressor 20 of the low-order side
refrigerant circuit 3 is turned into a high-temperature and
high-pressure liquid phase refrigerant by releasing heat
to the high-order side refrigerant in the cascade heat
exchanger 13 and is then turned into a low-temperature
low-pressure gas-liquid two-phase refrigerant in the low-
order side first expansion valve 21. The low-order side
refrigerant thus turned into the low-temperature low-
pressure gas-liquid two-phase refrigerant is turned into
alow-temperature low-pressure gas phase refrigerant by
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absorbing heat from external airin the low-order side heat
exchanger 22. The low-order side refrigerant thus turned
into the low-temperature low-pressure gas phase refrig-
erant is compressed again by the low-order side com-
pressor 20.

[0029] Inthe high-order side refrigerant circuit 2, a low-
temperature low-pressure high-order side refrigerant
that absorbs heat from the low-order side refrigerant in
the cascade heat exchanger 13 is compressed by the
high-order side compressor 10 and turned into a high-
temperature high-pressure gas phase refrigerant. The
high-order side refrigerant thus turned into the high-tem-
perature high-pressure gas phase refrigerant releases
heat to the water as the heat medium circulating through
the heat medium circuit 4 via the high-order side heat
medium heat exchanger 11, so that high-temperature hot
water is generated. The high-order side refrigerant is
turned into a high-temperature and high-pressure liquid
phase refrigerant by releasing heat to the water in the
high-order side heat medium heat exchanger 11, and the
high-order side refrigerant is turned into a low-tempera-
ture low-pressure gas-liquid two-phase refrigerant in the
high-order side expansion valve 12. The high-order side
refrigerant thus turned into the low-temperature low-
pressure gas-liquid two-phase refrigerant is turned into
alow-temperature low-pressure gas phase refrigerantby
absorbing heat from the low-order side refrigerant in the
cascade heat exchanger 13 and is compressed again by
the high-order side compressor 10. In the cascade re-
frigeration system 1, the low-temperature low-pressure
low-order side refrigerant absorbing heat from the ex-
ternal air in the low-order side heat exchanger 22 of the
low-order side refrigerant circuit 3 is compressed by the
low-order side compressor 20 and turned into a high-
temperature high-pressure gas phase refrigerant. The
low-order side refrigerant turned into the high-tempera-
ture high-pressure gas phase refrigerant releases heat,
in the low-order side heat medium heat exchanger 24, to
the water as the heat medium circulating through the heat
medium circuit 4. Accordingly, in the low-order side re-
frigerant circuit 3, heatis released to the water as the heat
medium circulating through the heat medium circuit 4 via
the low-order side heat medium heat exchanger 24, so
that hot water is generated.

[0030] The control unit 5 switches between a single
operation and a dual operation. In the single operation,
the operation of the high-order side compressor 10 is
stopped in the high-order side refrigerant circuit 2, so that
the high-order side refrigerant is not circulated there-
through. In the meantime, the low-order side compressor
20 is operated in the low-order side refrigerant circuit 3 to
circulate the low-order side refrigerant therethrough, so
that the heat medium is heated in the low-order side heat
medium heat exchanger 24. In the dual operation, the
high-order side compressor 10 is operated in the high-
order side refrigerant circuit 2 to circulate the high-order
side refrigerant therethrough, and the low-order side
compressor 20 is operated in the low-order side refrig-
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erant circuit 3 to circulate the low-order side refrigerant
therethrough. The dual operation is an operation in which
the cascade heat exchanger 13 performs heat-exchange
between the high-order side refrigerant and the low-order
side refrigerant, and the high-order side heat medium
heat exchanger 11 performs heat-exchange between the
high-order side refrigerant and the heat medium to heat
the heat medium.

[0031] In the case of the single operation, the control
unit 5 closes the high-order side first cutoff valve 42 and
the high-order side second cutoff valve 43 to block the
high-order side refrigerant from flowing into the high-
order side heat medium heat exchanger 11. In the case
of the dual operation, the low-order side first cutoff valve
40 and the low-order side second cutoff valve 41 are
closed to block the low-order side refrigerant from flowing
into the low-order side heat medium heat exchanger 24.
[0032] Here, in a case where a cascade refrigeration
system in the related art that does not include the high-
order side first cutoff valve 42, the high-order side second
cutoff valve 43, the low-order side first cutoff valve 40, and
the low-order side second cutoff valve 41 performs the
single operation and the dual operation, the following
problem occurs.

[0033] Thatis, inthe case of the single operation, in the
heat medium circuit 4, the temperature of the high-order
side refrigerant decreases due to the operation of the
high-order side compressor 10 being stopped and may
become lower than the temperature of the low-order side
refrigerant. In this case, the heat medium absorbing heat
from the low-order side refrigerant in the low-order side
heat medium heat exchanger 24 reaches a high tem-
perature and releases heat to the high-order side refrig-
erantin the high-order side heat medium heat exchanger
11. That s, the heat medium absorbs heat from the high-
order side refrigerant circuit 2 side. As aresult, an effect of
improvement in operating efficiency cannot be achieved
sufficiently.

[0034] In the case of the dual operation, in a case
where a heating target temperature of the heat medium
of the heat medium circuit 4 is a high temperature, the
temperature of the low-order side refrigerant passing
through the low-order side heat medium heat exchanger
24 of the low-order side refrigerant circuit 3 may be lower
than the temperature of the heat medium. In this case, the
heat medium passing through the use side heat exchan-
ger 31 of the heat medium circuit 4 exchanges heat with
the low-order side refrigerant having a temperature lower
than that of the heat medium in the low-order side heat
medium heat exchanger 24. This causes the heat med-
ium to release heat (cause heat-leakage) toward the low-
order side refrigerant circuit 3 side, so that an effect of
improvement in operating efficiency cannot be achieved
sufficiently.

[0035] However, in the present embodiment, in the
case of the single operation, the control unit 5 closes
the high-order side first cutoff valve 42 and the high-order
side second cutoff valve 43 to block the high-order side
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refrigerant from flowing into the high-order side heat
medium heat exchanger 11. Accordingly, the heat med-
ium having a high temperature by absorbing heat from
the low-order side refrigerant in the low-order side heat
medium heat exchanger 24 does not exchange heat with
the whole high-order side refrigerant the temperature of
which is not high due to the operation of the high-order
side compressor 10 being stopped, but exchanges heat
only with the high-order side refrigerant accumulated in
the low-order side heat medium heat exchanger 24 be-
tween the high-order side first cutoff valve 42 and the
high-order side second cutoff valve 43. This accordingly
makes it possible to reduce heat-leakage from the heat
medium circuit 4 side to the high-order side refrigerant
circuit 2 side.

[0036] Also, in the present embodiment, in the case of
the dual operation, the control unit 5 closes the low-order
side first cutoff valve 40 and the low-order side second
cutoff valve 41 to block the low-order side refrigerant from
flowing into the low-order side heat medium heat ex-
changer 24. Accordingly, the heat medium passing
through the use side heat exchanger 31 of the heat
medium circuit 4 does not exchange heat with the whole
low-order side refrigerantin the low-order side refrigerant
circuit 3 which low-order side refrigerant has a tempera-
ture lower than that of the heat medium, but exchanges
heat only with the low-order side refrigerant accumulated
in the low-order side heat medium heat exchanger 24
between the low-order side first cutoff valve 40 and the
low-order side second cutoff valve 41. This accordingly
makes it possible to reduce heat-leakage from the heat
medium circuit 4 side to the low-order side refrigerant
circuit 3 side.

[0037] Next will be described a case of a defrosting
operation with reference to FIG. 1. In FIG. 1, broken-line
arrows indicate flows of the low-order side refrigerant in
the defrosting operation. The defrosting operation is
performed as follows. A defrosting start condition is es-
tablished, for example, in a case where an outside tem-
perature is equal to or less than 5°C and the heating
operation is continued for three hours or a case where the
temperature of the low-order side heat exchanger 22
becomes -15°C or less. When the defrosting start con-
dition is established, the control unit 5 switches the low-
order side four-way valve 27 of the low-order side refrig-
erantcircuit 3to a so-called cooling cycle side. Thatis, the
low-order side four-way valve 27 is switched to cause the
low-order side refrigerant discharged from the low-order
side compressor 20 to flow toward the low-order side heat
exchanger 22 side. The low-order side first expansion
valve 21 is fully opened, and the low-order side first cutoff
valve 40 and the low-order side second cutoff valve 41
are closed. In the high-order side refrigerant circuit 2, the
operation of the high-order side compressor 10 is
stopped, and the high-order side first cutoff valve 42
and the high-order side second cutoff valve 43 are
closed.

[0038] Due to the defrosting operation, the low-order
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side refrigerant discharged from the low-order side com-
pressor 20 flows into the low-order side heat exchanger
22 and melts frost attached to the low-order side heat
exchanger 22. The low-order side refrigerant flowing out
from the low-order side heat exchanger 22 flows into the
cascade heat exchanger 13 and returns to a suction side
of the low-order side compressor 20 via the low-order
side four-way valve 27. In the defrosting operation of the
present embodiment, since the low-order side first cutoff
valve 40 and the low-order side second cutoff valve 41
are closed in the low-order side refrigerant circuit 3, the
low-order side refrigerant cooled by passing through the
low-order side heat exchanger 22 for defrosting does not
flow into the low-order side heat medium heat exchanger
24. Accordingly, the high-temperature heat medium flow-
ing through the heat medium circuit 4 does not exchange
heat with the cooled low-order side refrigerant, thereby
making it possible to decrease a temperature change in
the heat medium.

[0039] In the defrosting operation of the present em-
bodiment, the high-order side first cutoff valve 42 and the
high-order side second cutoff valve 43 are closed in the
high-order side refrigerant circuit 2. Accordingly, the high-
order side refrigerant exchanging heat, in the cascade
heat exchanger 13, with the low-order side refrigerant
cooled by passing through the low-order side heat ex-
changer 22 for defrosting does not flow into the high-
order side heat medium heat exchanger 11, so that the
high-temperature heat medium flowing through the heat
medium circuit 4 does not exchange heat with the high-
order side refrigerant, thereby making it possible to de-
crease a temperature change in the heat medium.
[0040] Nextwillbe described the control of the cascade
refrigeration system 1 according to the present embodi-
ment during the heating operation, with reference to a
control flow diagram illustrated in FIG. 2.

[0041] Atstartup of the cascade refrigeration system 1,
the control unit 5 first performs a startup control by the
dual operation (ST1). In the startup control, respective
rotation speeds of the high-order side compressor 10 and
the low-order side compressor 20 are gradually in-
creased to predetermined rotation speeds (predeter-
mined fixed values determined for respective types).
Respective openings of the high-order side expansion
valve 12, the low-order side first expansion valve 21, and
the low-order side second expansion valve 25 are main-
tained at predetermined initial openings (predetermined
fixed values determined for respective types). The con-
trol unit 5 closes the low-order side first cutoff valve 40
and the low-order side second cutoff valve 41 and opens
the high-order side first cutoff valve 42 and the high-order
side second cutoff valve 43. In the startup control per-
formed by the control unit 5, the high-order side refrig-
erant is circulated through the high-order side refrigerant
circuit 2, and the low-order side refrigerant is circulated
through the first circulation path 23 of the low-order side
refrigerant circuit 3. The low-order side refrigerant is not
circulated through the second circulation path 26 of the
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low-order side refrigerant circuit 3. Note that, in the flow
diagram of FIG. 2, the startup of the circulating pump 30is
notdescribed, but the circulating pump 30 is started atthe
time of starting the operation of the cascade refrigeration
system 1.

[0042] Then, itis determined whether or not the high-
order side compressor 10 and the low-order side com-
pressor 20 reach the respective predetermined rotation
speeds (ST2). In a case where the high-order side com-
pressor 10 and the low-order side compressor 20 reach
the respective predetermined rotation speeds (YES in
ST2), the procedure shifts to a normal heating operation
(ST3). Inacase where the high-order side compressor 10
and the low-order side compressor 20 do not reach the
respective predetermined rotation speeds (NO in ST2),
the startup control is continued. In the normal heating
operation (ST3), the high-order side compressor 10 and
the low-order side compressor 20 are controlled to re-
spective rotation speeds corresponding to respective
necessary capacities. The high-order side expansion
valve 12, the low-order side first expansion valve 21,
and the low-order side second expansion valve 25 are
controlled by a target discharge temperature control. In
the target discharge temperature control of the high-
order side expansion valve 12, a temperature sensor
(not illustrated) configured to detect a temperature of
the refrigerant on the discharge side of the high-order
side compressor 10 detects a discharge temperature,
and the opening of the high-order side expansion valve
12 is controlled so that a detection value nears a target
discharge temperature as a calculation value variable
depending on a driving state. In the target discharge
temperature control of the low-order side first expansion
valve 21, a temperature sensor (not illustrated) config-
ured to detect a temperature of the refrigerant on the
discharge side of the low-order side compressor 20
detects a discharge temperature, and the opening of
the low-order side first expansion valve 21 is controlled
so that a detection value nears a target discharge tem-
perature as a calculation value variable depending on a
driving state. The low-order side first cutoff valve 40 and
the low-order side second cutoff valve 41 are kept closed,
and the high-order side first cutoff valve 42 and the high-
order side second cutoff valve 43 are kept open.

[0043] Subsequently, itis determined whether or not a
heat medium target temperature which is a heating target
temperature of the heat medium and which is set based
on a set value determined by a user or an air conditioning
load is equal to or more than a predetermined value
(ST4). As the predetermined value, a minimum value
of a heat medium temperature which minimum value is
not achievable in the single operationis setin advance by
tests or the like. In a case where the heat medium target
temperature is equal to or more than the predetermined
value (YESin ST4), the low-order side first cutoff valve 40
and the low-order side second cutoff valve 41 are kept
closed, and the high-order side first cutoff valve 42 and
the high-order side second cutoff valve 43 are kept open
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(ST5). That is, the dual operation is continued. In a case
where the heat medium target temperature is less than
the predetermined value (NO in ST4), the dual operation
is switched to the single operation. In the single opera-
tion, the high-order side compressor 10 is stopped, and
the high-order side expansion valve 12 is closed. The
low-order side first cutoff valve 40 and the low-order side
second cutoff valve 41 are opened, and the high-order
side first cutoff valve 42 and the high-order side second
cutoff valve 43 are closed (ST9).

[0044] Note that, in the present embodiment, in step
ST4, it is determined whether or not the heat medium
target temperature is equal to or more than the prede-
termined value. However, instead of determining
whether or not the heat medium target temperature is
equal to or more than the predetermined value, it may be
determined whether or not the temperature of the heat
medium is higher than the temperature of the high-order
side refrigerant flowing into the high-order side heat
medium heat exchanger 11. More specifically, in a case
where the temperature of the heat medium which tem-
perature is measured by the high-order side heat-ex-
changer heat medium inlet temperature sensor 46 is
higher than the temperature of the high-order side refrig-
erant flowing into the high-order side heat medium heat
exchanger 11 which temperature is measured by the
high-order side heat-exchanger refrigerant inlet tem-
perature sensor 47, the procedure shifts to step ST5,
and the dual operation is continued. In the meantime, ina
case where the temperature of the heat medium which
temperature is measured by the high-order side heat-
exchanger heat medium inlet temperature sensor 46 is
equal to or less than the temperature of the high-order
side refrigerant flowing into the high-order side heat
medium heat exchanger 11 which temperature is mea-
sured by the high-order side heat-exchanger refrigerant
inlet temperature sensor 47, the procedure shifts to step
ST9, and the dual operation is switched to the single
operation.

[0045] After the process of the dual operation (ST5) or
the single operation (ST9) is ended, it is determined
whether or not the defrosting start condition is satisfied
(ST6). In a case where the defrosting start condition is
satisfied (YES in ST6), the defrosting operation is per-
formed (ST7). In a case where the defrosting start con-
dition is not established (No in ST6), the procedure
returns to step ST3, and the normal heating operation
in the dual operation is continued. The defrosting opera-
tion switches the low-order side four-way valve 27 to a
cooling cycle side. That is, the low-order side four-way
valve 27 is switched to cause the low-order side refrig-
erant discharged from the low-order side compressor 20
to flow toward the low-order side heat exchanger 22 side.
The low-order side compressor 20 is operated at a pre-
determined rotation speed, the low-order side first ex-
pansion valve 21 is fully opened, and the low-order side
first cutoff valve 40 and the low-order side second cutoff
valve 41 are closed. In the high-order side refrigerant
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circuit 2, the operation of the high-order side compressor
10 is stopped, the high-order side expansion valve 12 is
closed, and the high-order side first cutoff valve 42 and
the high-order side second cutoff valve 43 are also
closed.

[0046] Due to the defrosting operation, the low-order
side refrigerant discharged from the low-order side com-
pressor 20 and having a high temperature flows into the
low-order side heat exchanger 22 and melts frost at-
tached to the low-order side heat exchanger 22. The
low-order side refrigerant flowing out from the low-order
side heat exchanger 22 flows into the cascade heat
exchanger 13 and returns to the suction side of the
low-order side compressor 20 via the low-order side
four-way valve 27. In the defrosting operation of the
present embodiment, since the low-order side first cutoff
valve 40 and the low-order side second cutoff valve 41
are closed in the low-order side refrigerant circuit 3, the
low-order side refrigerant does not pass through the low-
order side heat medium heat exchanger 24.

[0047] Subsequently, it is determined whether or not
the defrosting is completed (ST8). The completion of the
defrosting is determined based on, for example, whether
or not a defrosting operation time reaches a predeter-
mined time or whether or not the temperature of the low-
order side heat exchanger 22 reaches a predetermined
temperature. When the defrosting is completed (YES in
ST8), the procedure returns to step ST3, and the normal
heating operation in the dual operation is executed. In a
case where the defrosting is not completed (NO in ST8),
the defrosting operation is continued.

[0048] Next will be described a cascade refrigeration
system 50 according to a second embodiment with re-
ference to FIG. 3. FIG. 3 is arefrigerant circuit diagram of
the cascade refrigeration system 50 according to the
second embodiment. A difference between the cascade
refrigeration system 1 of the first embodiment and the
cascade refrigeration system 50 of the second embodi-
ment is that a cascade-heat-exchanger first cutoff valve
44 and a cascade-heat-exchanger second cutoff valve
45 are provided for the cascade heat exchanger 13 in the
low-order side refrigerant circuit 3 of the cascade refrig-
eration system 50, and the other configuration of the
cascade refrigeration system 50 is the same as that of
the cascade refrigeration system 1. In FIG. 3, the same
reference sign is given to the same constituent as in the
cascade refrigeration system 1 according to the first
embodiment. The same configuration as in the cascade
refrigeration system 1 according to the first embodiment
is not described herein.

[0049] In the low-order side refrigerant circuit 3, the
cascade-heat-exchanger first cutoff valve 44 is provided
on the upstream side (the upstream side in the refrigerant
flow in the heating operation) from the cascade heat
exchanger 13, and the cascade-heat-exchanger second
cutoff valve 45 is provided on the downstream side (the
downstream side in the refrigerant flow in the heating
operation) from the cascade heat exchanger 13. The
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cascade-heat-exchanger first cutoff valve 44 and the
cascade-heat-exchanger second cutoff valve 45 are cas-
cade-heat-exchanger side cutoff units in the present
invention. The cascade-heat-exchanger first cutoff valve
44 blocks the low-order side refrigerant from flowing into
the cascade heat exchanger 13 from the upstream side.
The cascade-heat-exchanger second cutoff valve 45
blocks the low-order side refrigerant from flowing into
the cascade heat exchanger 13 from the downstream
side.

[0050] In the present embodiment, in the case of the
single operation, the control unit 5 stops the high-order
side compressor 10 and closes the high-order side first
cutoff valve 42 and the high-order side second cutoff
valve 43 to block the high-order side refrigerant from
flowing into the high-order side heat medium heat ex-
changer 11 from the upstream side and the downstream
side. The cascade-heat-exchanger first cutoff valve 44
and the cascade-heat-exchanger second cutoff valve 45
are also closed to block the low-order side refrigerant
from flowing into the cascade heat exchanger 13 from the
upstream side and the downstream side. Since the cas-
cade-heat-exchanger first cutoff valve 44 and the cas-
cade-heat-exchanger second cutoff valve 45 are closed
as such, the low-order side refrigerant compressed by
the low-order side compressor 20 and having a high
temperature does not exchange heat with the high-order
side refrigerant the temperature of which is not high due
to the operation of the high-order side compressor 10
being stopped. This accordingly makes it possible to
reduce heat-leakage from the low-order side refrigerant
circuit 3 side to the high-order side refrigerant circuit 2
side. Note that, in the present embodiment, the high-
order side first cutoff valve 42 and the high-order side
second cutoff valve 43 are closed at the same time as the
stop of the high-order side compressor 10, but the high-
order side first cutoff valve 42 and the high-order side
second cutoff valve 43 may be closed after the high-order
side compressor 10 stops for a predetermined period of
time (e.g., five minutes). Even in a case where the heat
medium target temperature becomes less than a prede-
termined value, the temperature of the heat medium may
be lower than the temperature of the high-order side
refrigerant flowing into the high-order side heat medium
heat exchanger 11 right after the high-order side com-
pressor 10 stops. In this case, the heat medium can
absorb heat from the high-order side refrigerant, and
therefore, a sudden decrease in heating performance
at the time when the dual operation is switched to the
single operation can be restrained by performing the
above processing.

[0051] Further, in the present embodiment, the low-
order side refrigerant circuit 3 includes the cascade-heat-
exchanger first cutoff valve 44 provided on the upstream
side (the upstream side in the refrigerant flow in the
heating operation) from the cascade heat exchanger
13, and the cascade-heat-exchanger second cutoff valve
45 provided on the downstream side (the downstream
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side in the refrigerant flow in the heating operation) from
the cascade heat exchanger 13. However, the present
invention is not limited to this. That is, for example, the
cascade-heat-exchanger first cutoff valve 44 and the
cascade-heat-exchanger second cutoff valve 45 may
not be provided for the low-order side refrigerant circuit
3. In the meantime, the high-order side refrigerant circuit
2 may include a cascade-heat-exchanger first cutoff
valve provided on the upstream side (the upstream side
in the refrigerant flow in the heating operation) of the
cascade heat exchanger 13, and a cascade-heat-ex-
changer second cutoff valve provided on the downstream
side (the downstream side in the refrigerant flow in the
heating operation) from the cascade heat exchanger 13.
Alternatively, the cascade-heat-exchanger first cutoff
valve 44 and the cascade-heat-exchanger second cutoff
valve 45 are provided for the low-order side refrigerant
circuit 3. In addition to this, the high-order side refrigerant
circuit 2 may include a cascade-heat-exchanger first
cutoff valve provided on the upstream side (the upstream
side in the refrigerant flow in the heating operation) of the
cascade heat exchanger 13, and a cascade-heat-ex-
changer second cutoff valve provided on the downstream
side (the downstream side in the refrigerant flow in the
heating operation) from the cascade heat exchanger 13.
[0052] Next will be described the defrosting operation
with reference to FIG. 3. In FIG. 3, broken-line arrows
indicate flows of the low-order side refrigerant in the
defrosting operation. The defrosting operation is per-
formed as follows. A defrosting start condition is estab-
lished, for example, in a case where an outside tempera-
ture is equal to or less than 5°C and the heating operation
is continued for three hours or a case where the tem-
perature of the low-order side heat exchanger 22 be-
comes -15°C or less. When the defrosting start condition
is established, the control unit 5 switches the low-order
side four-way valve 27 of the low-order side refrigerant
circuit 3 to a so-called cooling cycle side. That s, the low-
order side four-way valve 27 is switched to cause the low-
order side refrigerant discharged from the low-order side
compressor 20 to flow toward the low-order side heat
exchanger 22 side. The low-order side first expansion
valve 21 is fully opened, and the low-order side first cutoff
valve 40 and the low-order side second cutoff valve 41
are closed. In the high-order side refrigerant circuit 2, the
operation of the high-order side compressor 10 is
stopped, the high-order side first cutoff valve 42 and
the high-order side second cutoff valve 43 are closed,
and the cascade-heat-exchanger first cutoff valve 44 and
the cascade-heat-exchanger second cutoff valve 45 are
opened.

[0053] Due to the defrosting operation, the low-order
side refrigerant discharged from the low-order side com-
pressor 20 flows into the low-order side heat exchanger
22 and melts frost attached to the low-order side heat
exchanger 22. The low-order side refrigerant flowing out
from the low-order side heat exchanger 22 flows into the
cascade heat exchanger 13 and returns to the suction
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side of the low-order side compressor 20 via the low-
order side four-way valve 27. In the defrosting operation
of the present embodiment, since the low-order side first
cutoff valve 40 and the low-order side second cutoff valve
41 are closed in the low-order side refrigerant circuit 3,
the low-order side refrigerant cooled by passing through
the low-order side heat exchanger 22 for defrosting does
not flow into the low-order side heat medium heat ex-
changer 24. Accordingly, the high-temperature heat
medium flowing through the heat medium circuit 4 does
not exchange heat with the cooled low-order side refrig-
erant, thereby making it possible to decrease a tempera-
ture change in the heat medium.

[0054] In the defrosting operation of the present em-
bodiment, the high-order side first cutoff valve 42 and the
high-order side second cutoff valve 43 are closed in the
high-order side refrigerant circuit 2. Accordingly, the high-
order side refrigerant that exchanges heat, in the cas-
cade heat exchanger 13, with the low-order side refrig-
erant cooled by passing through the low-order side heat
exchanger 22 for defrosting does not flow into the high-
order side heat medium heat exchanger 11. Conse-
quently, the high-temperature heat medium flowing
through the heat medium circuit 4 does not exchange
heat with the high-order side refrigerant, thereby making
it possible to decrease a temperature change in the heat
medium. The cascade-heat-exchanger first cutoff valve
44 and the cascade-heat-exchanger second cutoff valve
45 are open. Accordingly, the low-order side refrigerant
having a low temperature after passing through the low-
order side heat exchanger 22 to melt the frost attached
thereto can absorb heat from the high-order side refrig-
erant that has not become a low temperature yet, at the
time when the low-order side refrigerant passes through
the cascade heat exchanger 13. This allows such a low-
order side refrigerant to be used for defrosting of the low-
order side heat exchanger 22.

[0055] Nextwillbe described the control of the cascade
refrigeration system 50 according to the present embodi-
ment during the heating operation, with reference to a
control flow diagram illustrated in FIG. 4.

[0056] At startup of the cascade refrigeration system
50, the control unit 5 performs a startup control by the dual
operation (ST10). In the startup control, respective rota-
tion speeds of the high-order side compressor 10 and the
low-order side compressor 20 are gradually increased to
predetermined rotation speeds (predetermined fixed va-
lues determined for respective types). The control unit 5
maintains the openings of the high-order side expansion
valve 12, the low-order side first expansion valve 21, and
the low-order side second expansion valve 25 at respec-
tive predetermined initial openings (predetermined fixed
values determined for respective types). The low-order
side first cutoff valve 40 and the low-order side second
cutoff valve 41 are closed, the high-order side first cutoff
valve 42 and the high-order side second cutoff valve 43
are opened, and the cascade-heat-exchanger first cutoff
valve 44 and the cascade-heat-exchanger second cutoff
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valve 45 are opened. In the startup control performed by
the control unit 5, the high-order side refrigerant is circu-
lated through the high-order side refrigerant circuit 2, and
the low-order side refrigerant is circulated through the
first circulation path 23 of the low-order side refrigerant
circuit 3. The low-order side refrigerant is not circulated
through the second circulation path 26 of the low-order
side refrigerant circuit 3. Note that, in the flow diagram of
FIG. 4, the startup of the circulating pump 30 is not
described, but the circulating pump 30 is started at the
time of starting the operation of the cascade refrigeration
system 50.

[0057] Then, itis determined whether or not the high-
order side compressor 10 and the low-order side com-
pressor 20 reach the respective predetermined rotation
speeds (ST11). In a case where the high-order side
compressor 10 and the low-order side compressor 20
reach the respective predetermined rotation speeds
(YES in ST11), the procedure shifts to a normal heating
operation (ST12). In a case where the high-order side
compressor 10 and the low-order side compressor 20 do
not reach the respective predetermined rotation speeds
(NO in ST11), the startup control is continued. In the
normal heating operation (ST12), the high-order side
compressor 10 and the low-order side compressor 20
are controlled to respective rotation speeds correspond-
ing to respective necessary capacities. The high-order
side expansion valve 12, the low-order side first expan-
sion valve 21, and the low-order side second expansion
valve 25 are controlled by a target discharge temperature
control. In the target discharge temperature control of the
high-order side expansion valve 12, a temperature sen-
sor (not illustrated) configured to detect a temperature of
the refrigerant on the discharge side of the high-order
side compressor 10 detects a discharge temperature,
and the opening of the high-order side expansion valve
12 is controlled so that a detection value nears a target
discharge temperature as a calculation value variable
depending on a driving state. In the target discharge
temperature control of the low-order side first expansion
valve 21, a temperature sensor (not illustrated) config-
ured to detect a temperature of the refrigerant on the
discharge side of the low-order side compressor 20
detects a discharge temperature, and the opening of
the low-order side first expansion valve 21 is controlled
so that a detection value nears a target discharge tem-
perature as a calculation value variable depending on a
driving state. The low-order side first cutoff valve 40 and
the low-order side second cutoff valve 41 are kept closed,
the high-order side first cutoff valve 42 and the high-order
side second cutoff valve 43 are kept open, and the
cascade-heat-exchanger first cutoff valve 44 and the
cascade-heat-exchanger second cutoff valve 45 are also
kept open.

[0058] Subsequently, itis determined whether or not a
heat medium target temperature which is a heating target
temperature of the heat medium and which is set based
on a set value determined by a user or an air conditioning
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load is equal to or more than a predetermined value
(ST13). As the predetermined value, a minimum value
of a heat medium temperature which minimum value is
not achievable in the single operation is setin advance by
tests or the like. In a case where the heat medium target
temperature is equal to or more than the predetermined
value (YES in ST13), the low-order side first cutoff valve
40 and the low-order side second cutoff valve 41 are kept
closed, the high-order side first cutoff valve 42 and the
high-order side second cutoff valve 43 are kept open, and
the cascade-heat-exchanger first cutoff valve 44 and the
cascade-heat-exchanger second cutoff valve 45 are also
kept open (ST14). That is, the dual operation is contin-
ued. Inacase where the heat medium target temperature
is less than the predetermined value (NO in ST13), the
dual operation is switched to the single operation. In the
single operation, the high-order side compressor 10 is
stopped, the high-order side expansion valve 12 is
closed, and the low-order side first cutoff valve 40 and
the low-order side second cutoff valve 41 are opened. In
addition, the high-order side first cutoff valve 42 and the
high-order side second cutoff valve 43 are closed, and
the cascade-heat-exchanger first cutoff valve 44 and the
cascade-heat-exchanger second cutoff valve 45 are
closed (ST18).

[0059] Note that, in the present embodiment, in step
ST13, it is determined whether or not the heat medium
target temperature is equal to or more than the prede-
termined value. However, instead of determining
whether or not the heat medium target temperature is
equal to or more than the predetermined value, it may be
determined whether or not the temperature of the heat
medium is higher than the temperature of the high-order
side refrigerant flowing into the high-order side heat
medium heat exchanger 11. In a case where the tem-
perature of the heat medium which temperature is mea-
sured by the high-order side heat-exchanger heat med-
ium inlet temperature sensor 46 is higher than the tem-
perature of the high-order side refrigerant flowing into the
high-order side heat medium heat exchanger 11 which
temperature is measured by the high-order side heat-
exchanger refrigerant inlet temperature sensor 47, the
procedure shifts to step ST14, and the dual operation is
continued. In the meantime, in a case where the tem-
perature of the heat medium which temperature is mea-
sured by the high-order side heat-exchanger heat med-
ium inlet temperature sensor 46 is equal to or less than
the temperature of the high-order side refrigerant flowing
into the high-order side heat medium heat exchanger 11
which temperature is measured by the high-order side
heat-exchanger refrigerant inlet temperature sensor 47,
the procedure shifts to step ST18, and the dual operation
is switched to the single operation.

[0060] After the process of the dual operation (ST14)
or the single operation (ST18) is ended, it is determined
whether or not the defrosting start condition is estab-
lished (ST15) . In a case where the defrosting start
condition is satisfied (YES in ST15), the defrosting op-



21 EP 4 579 141 A1 22

eration is performed (ST16) . In a case where the defrost-
ing start condition is not satisfied (No in ST15), the
procedure returns to step ST12, and the normal heating
operation in the dual operation is continued. The defrost-
ing operation switches the low-order side four-way valve
27 toacooling cycle side. That s, the low-order side four-
way valve 27 is switched to cause the low-order side
refrigerant discharged from the low-order side compres-
sor 20 to flow toward the low-order side heat exchanger
22 side. The low-order side compressor 20 is operated at
a predetermined rotation speed, the low-order side first
expansion valve 21 is fully opened, and the low-order
side first cutoff valve 40 and the low-order side second
cutoff valve 41 are closed. The cascade-heat-exchanger
first cutoff valve 44 and the cascade-heat-exchanger
second cutoff valve 45 are opened. In the high-order side
refrigerant circuit 2, the operation of the high-order side
compressor 10 is stopped, the high-order side expansion
valve 12 is closed, and the high-order side first cutoff
valve 42 and the high-order side second cutoff valve 43
are also closed.

[0061] Due to the defrosting operation, the low-order
side refrigerant discharged from the low-order side com-
pressor 20 and having a high temperature flows into the
low-order side heat exchanger 22 and melts frost at-
tached to the low-order side heat exchanger 22. The
low-order side refrigerant flowing out from the low-order
side heat exchanger 22 flows into the cascade heat
exchanger 13 and returns to the suction side of the
low-order side compressor 20 via the low-order side
four-way valve 27. In the defrosting operation of the
present embodiment, the low-order side first cutoff valve
40 and the low-order side second cutoff valve 41 are
closed in the low-order side refrigerant circuit 3. Accord-
ingly, the low-order side refrigerant cooled by passing
through the low-order side heat exchanger 22 for defrost-
ing does not flow into the low-order side heat medium
heat exchanger 24. Accordingly, the high-temperature
heat medium flowing through the heat medium circuit 4
does not exchange heat with the cooled low-order side
refrigerant, thereby making it possible to decrease a
temperature change in the heat medium. In the mean-
time, since the cascade-heat-exchanger first cutoff valve
44 and the cascade-heat-exchanger second cutoff valve
45 are open, the low-order side refrigerant having a low
temperature after passing through the low-order side
heat exchanger 22 to melt the frost attached thereto
can absorb heat from the high-order side refrigerant that
hat not become a low temperature yet, at the time when
the low-order side refrigerant passes through the cas-
cade heat exchanger 13. This allows such a low-order
side refrigerant to be used for defrosting of the low-order
side heat exchanger 22.

[0062] Subsequently, it is determined whether or not
the defrostingis completed (ST17). The completion of the
defrosting is determined based on, for example, whether
or not a defrosting operation time reaches a predeter-
mined time or whether or not the temperature of the low-
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order side heat exchanger 22 reaches a predetermined
temperature. When the defrosting is completed (YES in
ST17), the procedure returns to ST12, and the normal
heating operation in the dual operation is executed. In a
case where the defrosting is not completed (NOin ST17),
the defrosting operation is continued.

[0063] Next will be described a cascade refrigeration
system 60 according to a third embodiment with refer-
encetoFIG. 5. FIG. 5is arefrigerant circuit diagram of the
cascade refrigeration system 60 according to the third
embodiment. A difference between the cascade refrig-
eration system 1 of the firstembodiment and the cascade
refrigeration system 60 of the third embodiment is as
follows. That is, the first embodiment deals with a case
where the cascade refrigeration system 1 is used for the
heating operation, but the third embodiment deals with a
case where the cascade refrigeration system 60 is used
foracooling operation. InFIG. 5, the same reference sign
is given to the same constituent as in the cascade re-
frigeration system 1 according to the first embodiment.
The same configuration as in the cascade refrigeration
system 1 according to the first embodiment is not de-
scribed herein.

[0064] The high-order side refrigerant circuit 2 is con-
figured such that the high-order side compressor 10, the
cascade heat exchanger 13, the high-order side expan-
sion valve 12 as a high-order side pressure reduction
mechanism, and the high-order side heat medium heat
exchanger 11 configured to perform heat-exchange with
the heat medium such as air or water are sequentially
connected via the refrigerant pipes 6 to circulate the high-
order side refrigerant through the high-order side refrig-
erant circuit 2. In the present embodiment, the high-order
side heat medium heat exchanger 11 is a heat exchanger
configured to perform heat-exchange between the high-
order side refrigerant and the heat medium flowing
through the heat medium circuit 4. The cascade heat
exchanger 13 is a heat exchanger configured to perform
heat-exchange between the high-order side refrigerant
and the low-order side refrigerant flowing through the
low-order side refrigerant circuit 3. Note that, in the pre-
sent embodiment, the high-order side heat medium heat
exchanger 11 is a heat exchanger configured to perform
heat-exchange between the high-order side refrigerant
and the heat medium flowing through the heat medium
circuit 4. However, the high-order side heat medium heat
exchanger 11 may be a heat exchanger configured to
perform heat-exchange with air as the heat medium to be
sent by an air-sending blower (not illustrated), for exam-
ple. Arrows in the high-order side refrigerant circuit 2
indicate flows of the high-order side refrigerant in the
cooling operation.

[0065] In the high-order side refrigerant circuit 2, the
high-order side four-way valve 14 is connected to the
discharge side of the high-order side compressor 10. The
high-order side four-way valve 14 is configured to switch
between a state where the high-order side refrigerant
discharged from the high-order side compressor 10 flows
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toward the high-order side heat medium heat exchanger
11 side and a state where the high-order side refrigerant
flows toward the cascade heat exchanger 13 side. The
present embodiment deals with a case (the cooling op-
eration) where the high-order side four-way valve 14
causes the high-order side refrigerant discharged from
the high-order side compressor 10 to flow toward the
cascade heat exchanger 13 side. Accordingly, in the
high-order side refrigerant circuit 2, the high-order side
refrigerant discharged from the high-order side compres-
sor 10 flows through the cascade heat exchanger 13, the
high-order side expansion valve 12, and the high-order
side heat medium heat exchanger 11 and is then sucked
into the high-order side compressor 10.

[0066] In the high-order side refrigerant circuit 2, the
high-order side second cutoff valve 43 is provided on the
upstream side (the upstream side in the refrigerant flow in
the cooling operation) from the high-order side heat
medium heat exchanger 11, and the high-order side first
cutoff valve 42 is provided on the downstream side (the
downstream side in the refrigerant flow in the cooling
operation) from the high-order side heat medium heat
exchanger 11. The high-order side first cutoff valve 42
and the high-order side second cutoff valve 43 are high-
order side cutoff units in the present invention. The high-
order side second cutoff valve 43 blocks the high-order
side refrigerant from flowing into the high-order side heat
medium heat exchanger 11 from the upstream side. The
high-order side first cutoff valve 42 blocks the high-order
side refrigerant from flowing into the high-order side heat
medium heat exchanger 11 from the downstream side.
[0067] The low-order side refrigerant circuit 3 includes
the first circulation path 23 and the second circulation
path 26. The first circulation path 23 is configured such
that the low-order side compressor 20, the low-order side
heat exchanger 22 configured to release heat to external
air, the low-order side first expansion valve 21 as a low-
order side pressure reduction mechanism, and the cas-
cade heat exchanger 13 connected to the high-order side
refrigerant circuit 2 are sequentially connected via the
refrigerant pipes 6 to circulate the low-order side refrig-
erant through the first circulation path 23. The cascade
heat exchanger 13 is a heat exchanger configured to
perform heat-exchange between the low-order side re-
frigerant and the high-order side refrigerant flowing
through the high-order side refrigerant circuit 2. Contin-
uous-line arrows in the low-order side refrigerant circuit 3
indicate flows of the low-order side refrigerant.

[0068] In the low-order side refrigerant circuit 3, a re-
frigerant pipe connecting the low-order side four-way
valve 27 (described later) to the cascade heat exchanger
13 is connected to a refrigerant pipe connecting the low-
order side first expansion valve 21 to the low-order side
heat exchanger 22, via refrigerant pipes including the
low-order side heat medium heat exchanger 24 and the
low-order side second expansion valve 25. The low-order
side heat medium heat exchanger 24 performs heat-
exchange with the heat medium. Here, the low-order
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side second expansion valve 25 is a low-order side
second pressure reduction mechanism. That is, the cas-
cade heat exchanger 13 and the low-order side heat
medium heat exchanger 24 are connected in parallel
between the low-order side four-way valve 27 placed
on the upstream side and the low-order side heat ex-
changer 22 placed on the downstream side in the heating
operation. The second circulation path 26 is configured
such that the low-order side compressor 20, the low-
order side heat exchanger 22, the low-order side second
expansion valve 25, and the low-order side heat medium
heat exchanger 24 are sequentially connected via refrig-
erant pipes to circulate the low-order side refrigerant
through the second circulation path 26.

[0069] In the low-order side refrigerant circuit 3, the
low-order side four-way valve 27 is connected to the
discharge side of the low-order side compressor 20.
The low-order side four-way valve 27 is configured to
switch between a state where the low-order side refrig-
erant discharged from the low-order side compressor 20
flows toward the cascade heat exchanger 13 side and the
low-order side heat medium heat exchanger 24 side and
a state where the low-order side refrigerant flows toward
the low-order side heat exchanger 22 side. The present
embodiment deals with a case (the cooling operation)
where the low-order side four-way valve 27 causes the
low-order side refrigerant discharged from the low-order
side compressor 20 to flow toward the low-order side heat
exchanger 22 side. In this case, in the low-order side
refrigerant circuit 3, the low-order side refrigerant dis-
charged from the low-order side compressor 20 flows
through the low-order side heat exchanger 22, the low-
order side first expansion valve 21, and the cascade heat
exchanger 13 and is then sucked into the low-order side
compressor 20. The low-order side refrigerant dis-
charged from the low-order side compressor 20 also
flows through the low-order side heat exchanger 22,
the low-order side second expansion valve 25, and the
low-order side heat medium heat exchanger 24 and is
then sucked into the low-order side compressor 20.
[0070] In the low-order side refrigerant circuit 3, the
low-order side second cutoff valve 41 is provided on the
upstream side (the upstream side in the refrigerant flowin
the cooling operation) from the low-order side heat med-
ium heat exchanger 24, and the low-order side first cutoff
valve 40 is provided on the downstream side (the down-
stream side in the refrigerant flow in the cooling opera-
tion) from the low-order side heat medium heat exchan-
ger 24. The low-order side first cutoff valve 40 and the
low-order side second cutoff valve 41 are low-order side
cutoff units in the present invention. The low-order side
second cutoff valve 41 blocks the low-order side refrig-
erant from flowing into the low-order side heat medium
heat exchanger 24 from the upstream side. The low-
order side first cutoff valve 40 blocks the low-order side
refrigerant from flowing into the low-order side heat med-
ium heat exchanger 24 from the downstream side.
[0071] Inthe cascade refrigeration system 60, the low-
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order side refrigerant turned into a high-temperature
high-pressure gas phase refrigerant compressed by
the low-order side compressor 20 of the low-order side
refrigerant circuit 3 is turned into a high-temperature and
high-pressure liquid phase refrigerant by releasing heat
to external air in the low-order side heat exchanger 22
and then turned into a low-temperature low-pressure
gas-liquid two-phase refrigerantin the low-order side first
expansion valve 21. The low-order side refrigerant thus
turned into the low-temperature low-pressure gas-liquid
two-phase refrigerant is turned into a low-temperature
low-pressure gas phase refrigerant in the cascade heat
exchanger 13 by absorbing heat from the high-order side
refrigerant circulating through the high-order side refrig-
erant circuit 2. The high-order side refrigerant turned into
a high-temperature high-pressure gas phase refrigerant
compressed by the high-order side compressor 10 in the
high-order side refrigerant circuit 2 is turned into a high-
temperature and high-pressure liquid phase refrigerant
by releasing heat to the low-order side refrigerant in the
cascade heat exchanger 13 and then turned into a low-
temperature low-pressure gas-liquid two-phase refriger-
ant in the high-order side expansion valve 12. The high-
order side refrigerant thus turned into the low-tempera-
ture low-pressure gas-liquid two-phase refrigerant ab-
sorbs heat, via the high-order side heat medium heat
exchanger 11, from the water as the heat medium circu-
lating through the heat medium circuit 4, so that low-
temperature cold water is generated. In the cascade
refrigeration system 1, the low-order side refrigerant
turned into the high-temperature and high-pressure li-
quid phase refrigerant by releasing heat to external air in
the low-order side heat exchanger 22 is turned into a low-
temperature low-pressure gas-liquid two-phase refriger-
antin the low-order side second expansion valve 25. The
low-order side refrigerant thus turned into the low-tem-
perature low-pressure gas-liquid two-phase refrigerant
absorbs heat, via the low-order side heat medium heat
exchanger 24, from the water as the heat medium circu-
lating through the heat medium circuit 4, so that low-
temperature cold water is generated.

[0072] The control unit 5 switches between the single
operation and the dual operation. In the single operation,
the operation of the high-order side compressor 10 is
stopped in the high-order side refrigerant circuit 2, so that
the high-order side refrigerant is not circulated there-
through. In the meantime, the low-order side compressor
20 is operated in the low-order side refrigerant circuit 3 to
circulate the low-order side refrigerant therethrough, so
that the heat medium is cooled in the low-order side heat
medium heat exchanger 24. In the meantime, in the dual
operation, the high-order side compressor 10 is operated
in the high-order side refrigerant circuit 2 to circulate the
high-order side refrigerant therethrough, and the low-
order side compressor 20 is operated in the low-order
side refrigerant circuit 3 to circulate the low-order side
refrigerant therethrough. The dual operation is an opera-
tion in which the cascade heat exchanger 13 performs
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heat-exchange between the high-order side refrigerant
and the low-order side refrigerant, and the high-order
side heat medium heat exchanger 11 performs heat-
exchange between the high-order side refrigerant and
the heat medium to cool the heat medium.

[0073] In the case of the single operation, the control
unit 5 closes the high-order side first cutoff valve 42 and
the high-order side second cutoff valve 43 to block the
high-order side refrigerant from flowing into the high-
order side heat medium heat exchanger 11. In the case
of the dual operation, the low-order side first cutoff valve
40 and the low-order side second cutoff valve 41 are
closed to block the low-order side refrigerant from flowing
into the low-order side heat medium heat exchanger 24.
[0074] Here, in a case where a cascade refrigeration
system in the related art that does not include the high-
order side first cutoff valve 42, the high-order side second
cutoff valve 43, the low-order side first cutoff valve 40, and
the low-order side second cutoff valve 41 performs the
single operation and the dual operation, the following
problem occurs.

[0075] Thatis, inthe case of the single operation, in the
heat medium circuit 4, the temperature of the high-order
side refrigerant increases due to the operation of the
high-order side compressor 10 being stopped and may
become higher than the temperature of the low-order
side refrigerant. As a result, the heat medium having a
low temperature by releasing heat to the low-order side
refrigerant in the low-order side heat medium heat ex-
changer 24 absorbs heat from the high-order side refrig-
erantin the high-order side heat medium heat exchanger
11. That is, the heat medium releases heat (causes heat-
leakage) toward the high-order side refrigerant circuit 2
side, so that an effect of improvement in operating effi-
ciency cannot be achieved sufficiently.

[0076] Inthe meantime, in the case of the dual opera-
tion, in a case where a cooling target temperature of the
heat medium of the heat medium circuit 4 is a low tem-
perature, the temperature of the low-order side refriger-
ant passing through the low-order side heat medium heat
exchanger 24 of the low-order side refrigerant circuit 3
may be higher than the temperature of the heat medium.
In this case, when the heat medium passing through the
use side heat exchanger 31 of the heat medium circuit 4
exchanges heat with the low-order side refrigerant hav-
ing a temperature higher than that of the heat medium in
the low-order side heat medium heat exchanger 24, the
heat medium absorbs heat from the low-order side re-
frigerant circuit 3 side, so that an effect ofimprovementin
operating efficiency cannot be achieved sufficiently.
[0077] However, in the present embodiment, in the
case of the single operation, the control unit 5 closes
the high-order side first cutoff valve 42 and the high-order
side second cutoff valve 43 to block the high-order side
refrigerant from flowing into the high-order side heat
medium heat exchanger 11. Accordingly, the heat med-
ium having a low temperature by releasing heat to the
low-order side refrigerant in the low-order side heat
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medium heat exchanger 24 does not exchange heat with
the whole high-order side refrigerant the temperature of
whichis notlow due to the operation of the high-order side
compressor 10 being stopped, but exchanges heat only
with the high-order side refrigerant accumulated be-
tween the high-order side first cutoff valve 42 and the
high-order side second cutoff valve 43. This accordingly
makes it possible to reduce the amount of heat to be
absorbed by the heat medium from the high-order side
refrigerant circuit 2 side.

[0078] In the present embodiment, in the case of the
dual operation, the control unit 5 closes the low-order side
first cutoff valve 40 and the low-order side second cutoff
valve 41 to block the low-order side refrigerant from
flowing into the low-order side heat medium heat ex-
changer 24. Accordingly, the heat medium passing
through the use side heat exchanger 31 of the heat
medium circuit 4 does not exchanges heat with the whole
low-order side refrigerant having a temperature higher
than the temperature of the heat medium in the low-order
side refrigerant circuit 3, but exchanges heat only with the
low-order side refrigerant accumulated in the low-order
side heat medium heat exchanger 24 between the low-
order side first cutoff valve 40 and the low-order side
second cutoff valve 41. This makes it possible to reduce
the amount of heat to be absorbed by the heat medium
from the low-order side refrigerant circuit 3 side.

[0079] In the above embodiment, the low-order side
first cutoff valve 40 and the low-order side second cutoff
valve 41 are provided for the low-order side heat medium
heat exchanger 24. However, the low-order side first
cutoff valve 40 and the low-order side second cutoff valve
41 may not necessarily be provided, and either of the low-
order side first cutoff valve 40 and the low-order side
second cutoff valve 41 may be provided. However, it is
desirable that the low-order side first cutoff valve 40 and
the low-order side second cutoff valve 41 be provided. By
provided the low-order side first cutoff valve 40 and the
low-order side second cutoff valve 41, it is possible to
reduce heat-leakage between the low-order side refrig-
erant circuit 3 side and the heat medium circuit 4. The
same can be said about the high-order side heat medium
heat exchanger 11 and the cascade heat exchanger 13.
[0080] The above embodiments deal with a binary
device, but the present invention is not limited to a binary
device and may be a multiple-order device of three or
more orders.

[0081] The present invention has been described re-
ferring to alimited number of embodiments, but the scope
of the present invention is not limited to them, and it is
obvious for a person skilled in the art that the embodi-
ments are modifiable based on the disclosure.

Reference Signs List
[0082]

1: cascade refrigeration system

10

15

20

25

30

35

40

45

50

55

15

2 high-order side refrigerant circuit
3: low-order side refrigerant circuit
4: heat medium circuit
5: control unit

6: refrigerant pipe

10:  high-order side compressor

11:  high-order side heat medium heat exchanger
12:  high-order side expansion valve

13:  cascade heat exchanger

14:  high-order side four-way valve

20: low-order side compressor

21:  low-order side first expansion valve

22:  low-order side heat exchanger

23: first circulation path

24: low-order side heat medium heat exchanger
25:  low-order side second expansion valve

26: second circulation path

27:  low-order side four-way valve

28:  low-order side heat exchanger

30:  circulating pump

31:  use side heat exchanger

32: pipe

low-order side first cutoff valve

41:  low-order side second cutoff valve

42:  high-order side first cutoff valve

43:  high-order side second cutoff valve

44:  cascade-heat-exchanger first cutoff valve
45:  cascade-heat-exchanger second cutoff valve

50: cascade refrigeration system
60: cascade refrigeration system

Claims
1. A refrigeration device comprising:

a high-order side refrigerant circuit through
which a high-order side refrigerant circulates
and in which a high-order side compressor, a
high-order side heat medium heat exchanger, a
high-order side pressure reduction mechanism,
and a cascade heat exchanger are sequentially
connected via refrigerant pipes, the high-order
side heat medium heat exchanger being config-
ured to perform heat-exchange between the
high-order side refrigerant and a heat medium;
alow-order side refrigerant circuit through which
a low-order side refrigerant circulates and in
which alow-order side compressor, the cascade
heat exchanger, a low-order side heat medium
heat exchanger, a low-order side pressure re-
duction mechanism, and a low-order side heat
exchanger are sequentially connected via refrig-
erant pipes, the low-order side heat medium
heat exchanger being connected in parallel with
the cascade heat exchanger and configured to
perform heat-exchange between the low-order
side refrigerant and the heat medium; and

a control unit configured to control the high-order
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side refrigerant circuit and the low-order side
refrigerant circuit, wherein:

the control unit switches between a single
operation and a dual operation,

the single operation being an operation
in which the heat medium is heated by
the low-order side heat medium heat
exchanger by circulating the low-order
side refrigerant through the low-order
side refrigerant circuit without circulat-
ing the high-order side refrigerant
through the high-order side refrigerant
circuit,

the dual operation being an operationin
which the heat medium is heated by the
high-order side heat medium heat ex-
changer by circulating the high-order
side refrigerant through the high-order
side refrigerant circuit, circulating the
low-order side refrigerant through the
low-order side refrigerant circuit, and
performing heat-exchange between
the high-order side refrigerant and the
low-order side refrigerant in the cas-
cade heat exchanger;

the low-order side refrigerant circuit in-
cludes a low-order side cutoff unit config-
ured to block the low-order side refrigerant
from flowing into the low-order side heat
medium heat exchanger; and

the high-order side refrigerant circuit in-
cludes a high-order side cutoff unit config-
ured to block the high-order side refrigerant
from flowing into the high-order side heat
medium heat exchanger.

The refrigeration device according to claim 1, com-
prising a heat medium circuit configured such that a
circulating pump, a use side heat exchanger, the low-
order side heat medium heat exchanger, and the
high-order side heat medium heat exchanger are
sequentially connected via pipes to circulate the heat
medium through the heat medium circuit, wherein
the control unit controls the heat medium circuit.

The refrigeration device according to claim 1 or 2,
wherein:

in a case where a heating target temperature of
the heat medium is equal to or more than a
predetermined value in the dual operation, the
control unit causes the low-order side cutoff unit
to block the low-order side refrigerant from flow-
ing into the low-order side heat medium heat
exchanger; and
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in a case where the heating target temperature
of the heat medium is less than the predeter-
mined value in the dual operation, the control
unit switches the dual operation to the single
operation and causes the high-order side cutoff
unit to block the high-order side refrigerant from
flowing into the high-order side heat medium
heat exchanger.

4. The refrigeration device according to claim 1 or 2,

wherein:

in a case where the temperature of the heat
medium flowing into the high-order side heat
medium heat exchanger is higher than the tem-
perature of the high-order side refrigerant flow-
ing into the high-order side heat medium heat
exchanger in the single operation, the control
unit causes the high-order side cutoff unit to
block the high-order side refrigerant from flowing
into the high-order side heat medium heat ex-
changer; and

in a case where the temperature of the heat
medium flowing into the low-order side heat
medium heat exchanger is higher than the tem-
perature of the low-order side refrigerant flowing
into the low-order side heat medium heat ex-
changer in the dual operation, the control unit
causes the low-order side cutoff unit to block the
low-order side refrigerant from flowing into the
low-order side heat medium heat exchanger.

The refrigeration device according to claim 1 or 2,
wherein, in a case where the high-order side com-
pressor stops for a given period of time, the control
unit causes the high-order side cutoff unit to block the
high-order side refrigerant from flowing into the high-
order side heat medium heat exchanger.

The refrigeration device according to claim 1 or 2,
wherein:

the low-order side refrigerant circuit includes a
low-order side four-way valve connected to a
discharge side of the low-order side compres-
sor, the low-order side four-way valve being
configured to switch between a state where
the low-order side refrigerant discharged from
the low-order side compressor flows toward the
cascade heat exchanger side and the low-order
side heat medium heat exchanger side and a
state where the low-order side refrigerant dis-
charged from the low-order side compressor
flows toward the low-order side heat exchanger
side; and

in a case where a predetermined defrosting start
condition is established, the control unit
switches the low-order side four-way valve to
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cause the low-order side refrigerant discharged
from the low-order side compressor to flow to-
ward the low-order side heat exchanger, causes
the low-order side cutoff unit to block the low-
order side refrigerant from flowing into the low-
order side heat medium heat exchanger, and
causes the high-order side cutoff unit to block
the high-order side refrigerant from flowing into
the high-order side heat medium heat exchan-
ger.

7. The refrigeration device according to claim 1 or 2,
wherein:

either the low-order side refrigerant circuit or the
high-order side refrigerant circuitincludes a cas-
cade-heat-exchanger side cutoff unit configured
to block at least either the low-order side refrig-
erant or the high-order side refrigerant from
flowing into the cascade heat exchanger; and
in the single operation, the cascade-heat-ex-
changer side cutoff unit blocks the at least either
the low-order side refrigerant or the high-order
side refrigerant from flowing into the cascade
heat exchanger.

8. A refrigeration device comprising:

a high-order side refrigerant circuit configured
such that a high-order side compressor, a cas-
cade heat exchanger, a high-order side pres-
sure reduction mechanism, and a high-order
side heat medium heat exchanger configured
to perform heat-exchange with a heat medium
are sequentially connected via refrigerant pipes
to circulate a high-order side refrigerant through
the high-order side refrigerant circuit;

a low-order side refrigerant circuit configured
such that a low-order side compressor, a low-
order side heat exchanger, a low-order side
pressure reduction mechanism, the cascade
heat exchanger, and a low-order side heat med-
ium heat exchanger are sequentially connected
via refrigerant pipes to circulate a low-order side
refrigerantthrough the low-order side refrigerant
circuit, the low-order side heat medium heat
exchanger being connected in parallel with the
cascade heat exchanger and configured to per-
form heat-exchange with the heat medium;

a control unit configured to control the high-order
side refrigerant circuit and the low-order side
refrigerant circuit, wherein:

the control unit switches between a single
operation and a dual operation,

the single operation being an operation
in which the heat medium is cooled by
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32

the low-order side heat medium heat
exchanger by circulating the low-order
side refrigerant through the low-order
side refrigerant circuit without circulat-
ing the high-order side refrigerant
through the high-order side refrigerant
circuit,

the dual operation being an operationin
which the heat medium is cooled by the
high-order side heat medium heat ex-
changer by circulating the high-order
side refrigerant through the high-order
side refrigerant circuit, circulating the
low-order side refrigerant through the
low-order side refrigerant circuit, and
performing heat-exchange between
the high-order side refrigerant and the
low-order side refrigerant in the cas-
cade heat exchanger;

the low-order side refrigerant circuit in-
cludes a low-order side cutoff unit config-
ured to block the low-order side refrigerant
from flowing into the low-order side heat
medium heat exchanger; and

the high-order side refrigerant circuit in-
cludes a high-order side cutoff unit config-
ured to block the high-order side refrigerant
from flowing into the high-order side heat
medium heat exchanger.
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FIG. 2 .
ya
“STARTUP CONTROL”

LOW-ORDER SIDE COMPRESSOR: GRADUALLY INCREASED TO PREDETERMINED ROTATION SPEED
LOW-ORDER SIDE FIRST AND SECOND EXPANSION VALVES: INITIAL OPENINGS

HIGH-ORDER SIDE COMPRESSOR: GRADUALLY INCREASED TO PREDETERMINED ROTATION SPEED
HIGH-ORDER SIDE EXPANSION VALVE: INITIAL OPENING

LOW-ORDER SIDE FIRST AND SECOND CUTOFF VALVES: CLOSED

HIGH-ORDER SIDE FIRST AND SECOND CUTOFF VALVES: OPEN

HIGH-ORDER SIDE ST2
AND LOW-ORDER SIDE COMPRESSORS REACH
PREDETERMINED ROTATION NO
SPEEDS?

YES ® -ST3

“NORMAL HEATING OPERATION”
LOW-ORDER SIDE COMPRESSOR: ROTATION SPEED CORRESPONDING TO NECESSARY CAPACITY

HIGH-ORDER SIDE COMPRESSOR: ROTATION SPEED CORRESPONDING TO NECESSARY CAPACITY
HIGH-ORDER SIDE EXPANSION VALVE: TARGET DISCHARGE TEMPERATURE CONTROL
LOW-ORDER SIDE FIRST AND SECOND CUTOFF VALVES: CLOSED

HIGH-ORDER SIDE FIRST AND SECOND CUTOFF VALVES: OPEN

LOW-ORDER SIDE FIRST AND SECOND EXPANSION VALVES: TARGET DISCHARGE TEMPERATURE CONTROL

ST4

HEAT MEDIUM TARGET TEMPERATURE

> PREDETERMINED VALUE NO 1 SI9
HIGH-ORDER SIDE
~ST5 COMPRESSOR: STOP
; HIGH-ORDER SIDE
LOW-ORDER SIDE FIRST AND SECOND CUTOFF VALVES: CLOSED
- . EXPANSION VALVE: CLOSED
HIGH-ORDER SIDE FIRST AND SECOND CUTOFF VALVES: OPEN COIORDER SIDE FIRST

AND SECOND CUTOFF
ST6 VALVES: OPEN

DEFROSTING START CONDITION?
AND SECOND CUTOFF
VALVES: CLOSED

STT~ YES

HIGH-ORDER SIDE FIRST

“DEFROSTING OPERATION”

LOW-ORDER SIDE FOUR-WAY VALVE: GOOLING CYCLE

LOW-ORDER SIDE COMPRESSOR:

PREDETERMINED ROTATION SPEED (FIXED)

LOW-ORDER SIDE FIRST AND SECOND EXPANSION VALVES:
PREDETERMINED OPENINGS (FIXED, FULLY OPENED)
HIGH-ORDER SIDE COMPRESSOR: STOP

HIGH-ORDER SIDE EXPANSION VALVE: CLOSED

LOW-ORDER SIDE FIRST AND SECOND CUTOFF VALVES: CLOSED
HIGH-ORDER SIDE FIRST AND SECOND CUTOFF VALVES: CLOSED

ST8

DEFROSTING COMPLETED?

‘®
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