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(54) BINARY REFRIGERATION DEVICE

(57)  Provided is a cascade refrigeration system cap- exchanger (11).

able of suppressing a decrease in heating performance

due to a rapid startup operation. The cascade refrigera- W‘“ s A AT T RO AT |
tion system includes: a high-order side refrigerant circuit FIG. 1A | Zo AQ 2 © /

(2) through which a high-order side refrigerant circulates;
a low-order side refrigerant circuit (3) through which a

low-order side refrigerant circulates, the low-order refrig- VN BCRAER AT ESComceR
erant circuit (3) including a first circulation path (23) that
performs heat-exchange with the high-order side refrig-
erant in a cascade heat exchanger (13), and a second
circulation path (26) that performs heat-exchange with a
heat medium in a low-order side heat exchanger (24); ®
and a heat medium circuit (4) through which a heat
medium circulates, the heat medium exchanging heat — £ ioneres oueseL R
with the high-order side refrigerant in the high-order side

heat exchanger (11) and exchanging heat with the low-

order side refrigerant in the low-order side heat exchan-

ger (24). The heat medium circuit (4) includes: a first heat

medium circulation path (35) in which the heat medium

circulates through the high-order side heat exchanger

(11) and the low-order side heat exchanger (24); and a

second heat medium circulation path (36) in which the

heat medium circulates through the high-order side heat
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Description
Technical Field

[0001] The present invention relates to a cascade re-
frigeration system and particularly relates to a cascade
refrigeration system that can restrain a decrease in heat-
ing performance.

Background Art

[0002] A cascaderefrigeration systeminthe related art
includes a high-order side refrigerant circuit and a low-
order side refrigerant circuit, and the high-order side
refrigerant circuit and the low-order side refrigerant circuit
shares a cascade heat exchanger (an intermediate heat
exchanger). A refrigerant circulating through the high-
order side refrigerant circuit and a refrigerant circulating
through the low-order side refrigerant circuit exchange
heat in the cascade heat exchanger, and water is heated
by a high-temperature side refrigerant circulating through
the high-order side refrigerant circuit to generate hot
water.

[0003] Such a cascade refrigeration system has a risk
that an imbalance is caused between a high-order side
refrigerating circuit and a low-order side refrigerating
circuit in terms of a time required from startup until each
refrigerating circuit enters a steady state, due to a differ-
ence in refrigerant properties, temperature conditions at
startup, or the like, thereby resulting in that a compressor
of the low-order side refrigerant circuit is stopped for
protection. Accordingly, in a cascade refrigeration sys-
tem described in PTL 1, the ratio of the rotation speed of a
compressor of a high-order side refrigerating circuit to the
rotation speed of a compressor of a low-order side re-
frigerating circuit from the startup of the cascade refrig-
eration system until the binary refrigerant device shifts to
a steady operation (hereinafter referred to as a "startup
operation") is set larger than that in a steady operation.
This is to prevent the low-order side refrigerating circuit
from being stopped for protection due to a high-pressure
excessive increase in the startup operation.

Citation List
Patent Literature
[0004] PTL 1:JP 2013-213590 A

Summary of Invention

Technical Problem

[0005] However, in the cascade refrigeration system
described in PTL 1, the ratio of the rotation speed of the
compressor of the high-order side refrigerating circuit to

the rotation speed of the compressor of the low-order side
refrigerating circuit in the startup operation is set larger
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than the ratio in the steady operation. As a result, the
rotation speed of the compressor of the low-order side
refrigerating circuit in the startup operation is restricted,
which causes such a problem that it takes time until
sufficient heating performance is achieved in the startup
operation.

[0006] In view of the above problem, an object of the
present invention is to provide a cascade refrigeration
system capable of suppressing a decrease in heating
performance due to a rapid startup operation.

Solution to Problem

[0007] One aspect of the present invention is a cas-
cade refrigeration system including: a high-order side
refrigerant circuit configured such that a high-order side
compressor, a high-order side heat exchanger, a high-
order side pressure reduction mechanism, and a cas-
cade 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 circuitincluding afirst circulation path and
a second circulation path, the first circulation path being
configured such that a low-order side compressor, the
cascade heat exchanger, a low-order side first pressure
reduction mechanism, and a heat-source side heat ex-
changer are sequentially connected via refrigerant pipes
to circulate a low-order side refrigerant through the first
circulation path, the low-order side refrigerant exchan-
ging heat with the high-order side refrigerant in the cas-
cade heat exchanger, the second circulation path being
configured such that a portion of the first circulation path
between the low-order side compressor and the cascade
heat exchanger is connected to a portion of the first
circulation path between the low-order side first pressure
reduction mechanism and the heat-source side heat
exchanger viarefrigerant pipes including a low-order side
heat exchanger and a low-order side second pressure
reduction mechanism such that the low-order side com-
pressor, the low-order side heat exchanger, the low-order
side second pressure reduction mechanism, and the
heat-source side heat exchanger are sequentially con-
nected via the refrigerant pipes to circulate the low-order
side refrigerant through the second circulation path; a
heat medium circuit including a first heat medium circula-
tion path and a second heat medium circulation path, the
first heat medium circulation path being configured such
that a first circulating pump, a use side heat exchanger,
the low-order side heat exchanger, and the high-order
side heat exchanger are sequentially connected via
pipes to circulate a heat medium through the first heat
medium circulation path such that the high-order side
refrigerant exchanges heat with the heat medium in the
high-order side heat exchanger, and the low-order side
refrigerant exchanges heat with the heat medium in the
low-order side heat exchanger, the second heat medium
circulation path including a first bypass path connecting a
portion of the first heat medium circulation path between
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the use side heat exchanger and the low-order side heat
exchanger to a portion of the first heat medium circulation
path between the low-order side heat exchanger and the
high-order side heat exchanger such that the first circu-
lating pump, the use side heat exchanger, the first bypass
path, and the high-order side heat exchanger are se-
quentially connected via pipes to circulate the heat med-
ium through the second heat medium circulation path, the
high-order side refrigerant and the low-order side refrig-
erant exchanging heat with each other in the cascade
heat exchanger; afirst switching unit configured to switch
the heat medium circuit between a state where the heat
medium flows through the first heat medium circulation
path and a state where the heat medium flows through
the second heat medium circulation path; and a control
unit configured to control the high-order side refrigerant
circuit, the low-order side refrigerant circuit, and the heat
medium circuit.

Advantageous Effects of Invention

[0008] The present invention can provide a cascade
refrigeration system capable of suppressing a decrease
in heating performance due to a rapid startup operation.

Brief Description of Drawings
[0009]

FIG. 1A is a refrigerant circuit diagram of a cascade
refrigeration system according to an embodiment of
the present invention;

FIG. 1Bis aviewillustrating the flow of a refrigerantin
a first mode operation in the cascade refrigeration
system according to the embodiment of the present
invention;

FIG. 1Cis aview llustrating the flow of the refrigerant
in a second mode operation in the cascade refrig-
eration system according to the embodiment of the
present invention;

FIG. 2 is a control block diagram of the cascade
refrigeration system according to the embodiment
of the present invention;

FIG. 3 is a control flow diagram of the cascade
refrigeration system according to the embodiment
of the present invention;

FIG. 4A is a refrigerant circuit diagram of a cascade
refrigeration system according to an alternative em-
bodiment of the present invention;

FIG. 4B is aview llustrating the flow of arefrigerantin
a first mode operation in the cascade refrigeration
system according to the alternative embodiment of
the present invention;

FIG.4Cis aview llustrating the flow of the refrigerant
in a second mode operation in the cascade refrig-
eration system according to the alternative embodi-
ment of the present invention;

FIG. 5 is a control block diagram of the cascade
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refrigeration system according to the alternative em-
bodiment of the present invention; and

FIG. 6 is a control flow diagram of the cascade
refrigeration system according to the alternative em-
bodiment of the present invention.

Description of Embodiments

[0010] 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.
[0011] FIG. 1A is a refrigerant circuit diagram of a
cascade 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

[0012] Referring now to FIGS. 1A to 1C, the cascade
refrigeration system 1 according to the present embodi-
ment will be described. FIG. 1A is a refrigerant circuit
diagram of the cascade refrigeration system 1 according
to the present embodiment. The cascade refrigeration
system 1 is a refrigeration device which can be used fora
cooling operation in a case where a use side heat ex-
changer 31 is used as an evaporator and which can be
used for an operation to make hot water or a heating
operationin a case where the use side heat exchanger 31
is used as a condenser. Hereinafter, the operation to
make hot water and the heating operation may be collec-
tively called a heating operation. The present embodi-
ment deals with a cascade refrigeration system used for
the heating operation. The cascade refrigeration system
1 includes a high-order side refrigerant circuit 2, a low-
order side refrigerant circuit 3, a heat medium circuit 4,
and a control unit 5. The control unit 5 includes a storage
unit for storing data on a target temperature or the like,
software for control, and so on, and controls the cascade
refrigeration system 1.

[0013] The high-order side refrigerant circuit 2 is con-
figured such that a high-order side compressor 10, a
high-order side heat exchanger 11, a high-order side
expansion valve 12 as a high-order side pressure reduc-
tion mechanism, and a cascade heat exchanger 13 are
sequentially connected via refrigerant pipes 6 to circulate
a high-order side refrigerant through the high-order side
refrigerant circuit 2. In the present embodiment, the high-
order side heat exchanger 11 is a heat exchanger con-
figured to perform heat-exchange between the high-or-
der side refrigerant and a heat medium flowing through
the heat medium circuit 4. The cascade heat exchanger
13 is a heat exchanger configured to perform heat-ex-
change between the high-order side refrigerant and a
low-order side refrigerant flowing through the low-order
side refrigerant circuit 3. Note that the high-order side
heat exchanger 11 and the cascade heat exchanger 13
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can be, for example, a plate-type heat exchanger or a
double pipe heat exchanger, provided that they are heat
exchangers that can perform heat-exchange between
liquids. In the present embodiment, the high-order side
heat exchanger 11 is a heat exchanger configured to
perform heat-exchange between the high-order side re-
frigerant and the heat medium flowing through the heat
medium circuit4 but may be a heat exchanger configured
to perform heat-exchange with air as the heat mediumvia
an air-sending blower (not illustrated), for example. Ar-
rows in the high-order side refrigerant circuit 2 indicate
flows of the high-order side refrigerant in the heating
operation.

[0014] 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 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 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 into the high-
order side heat exchanger 11 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 high-order side 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.

[0015] 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
2, alow-order side first expansion valve 21 as a low-order
side first pressure reduction mechanism, and a heat-
source side heat exchanger 22 are sequentially con-
nected via refrigerant pipes 6 to circulate a low-order
side refrigerant through the first circulation path 23. The
heat-source side heat exchanger 22 is a heat exchanger
configured to perform heat-exchange between the low-
order side refrigerant and external air. The heat-source
side heat exchanger 22 is provided with a condensing
temperature detection sensor 22a configured to measure
a condensing temperature of the low-order side refriger-
ant flowing through the heat-source side heat exchanger
22. The cascade heat exchanger 13 is a heat exchanger
configured to perform heat-exchange between the low-
order side refrigerant and the high-order side refrigerant
flowing through the high-order side refrigerant circuit 2.
The cascade heat exchanger 13 is provided with a con-
densing temperature detection sensor 13a configured to
measure a condensing temperature (a refrigerant con-
densing temperature) of the low-order side refrigerant
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flowing through the cascade heat exchanger 13, and an
outlet temperature detection sensor 13b configured to
measure an outlet temperature of the low-order side
refrigerant. Arrows in the low-order side refrigerant circuit
3 indicate flows of the low-order side refrigerant.

[0016] The low-order side refrigerant circuit 3 includes
a second circulation path 26 through which the low-order
side refrigerant circulates. The second circulation path 26
connects a portion between the low-order side compres-
sor 20 and the cascade heat exchanger 13 to a portion
between the low-order side first expansion valve 21 and
the heat-source side heat exchanger 22 via refrigerant
pipes provided with a low-order side heat exchanger 24,
and alow-order side second expansion valve 25 as alow-
order side second pressure reduction mechanism, such
that the low-order side compressor 20, the low-order side
heat exchanger 24, the low-order side second expansion
valve 25, and the heat-source side heatexchanger 22 are
sequentially connected via the refrigerant pipes. The low-
order side heat exchanger 24 is a heat exchanger which
includes a first heat accumulation unit including a heat
accumulation material and which is configured to perform
heat-exchange between the low-order side refrigerant
and the heat medium flowing through the heat medium
circuit 4. The low-order side heat exchanger 24 is pro-
vided with a condensing temperature detection sensor
24a configured to measure a condensing temperature of
the low-order side refrigerant flowing through the low-
order side heat exchanger 24, and an outlet temperature
detection sensor 24b configured to measure an outlet
temperature of the low-order side refrigerant. The low-
order side heat exchanger 24 is also provided with a heat
medium return temperature detection sensor 24c con-
figured to measure a heat medium return temperature as
a temperature of the heat medium flowing through the
heat medium circuit 4 at the time when the heat medium
flows into the low-order side heat exchanger 24. Note that
the low-order side heat exchanger 24 can be, for exam-
ple, a plate-type heat exchanger or a double pipe heat
exchanger, provided that the low-order side heat exchan-
ger 24 is a heat exchanger that can perform heat-ex-
change between liquids.

[0017] Inthe low-order side refrigerant circuit 3, a low-
order side four-way valve 27 is connected to a discharge
side of the low-order side compressor 20, and 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 exchanger 24 side and a state where the
low-order side refrigerant flows toward the heat-source
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 compres-
sor 20 to flow toward the cascade heat exchanger 13 side
and the low-order side heat exchanger 24 side. In this
case, in the low-order side refrigerant circuit 3, the low-
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order side refrigerant discharged from the low-order side
compressor 20 flows through the cascade heat exchan-
ger 13, the low-order side first expansion valve 21, and
the heat-source side heat exchanger 22 and is then
sucked into the low-order side compressor 20. The
low-order side refrigerant discharged from the low-order
side compressor 20 also flows through the low-order side
heat exchanger 24, the low-order side second expansion
valve 25, and the heat-source side heat exchanger 22
and is then sucked into the low-order side compressor 20.
[0018] In the low-order side refrigerant circuit 3, the
low-order side compressor 20, the heat-source side heat
exchanger 22, and the low-order side four-way valve 27
are configured to be used in common for the first circula-
tion path 23 and the second circulation path 26.

[0019] The heat medium circuit 4 is configured such
that a first circulating pump 30, the use side heat ex-
changer 31, the low-order side heat exchanger 24, and
the high-order side heat exchanger 11 are sequentially
connected via pipes 32, so that water as a heatrefrigerant
circulates 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 is
provided with an indoor unit (not illustrated) installed in a
room, and air in the room flows into the use side heat
exchanger 31 by an air flow generated by an air-blow fan
(not illustrated). The use side heat exchanger 31 per-
forms heat-exchange between the water as the heat
medium and the air in the room provided with the indoor
unit, and the air thus exchanging heat with the water as
the heat medium is used for heating. The high-order side
heat exchanger 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 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.

[0020] In addition, the heat medium circuit 4 includes a
first bypass path 33 one end of which is connected to a
pipe between the use side heat exchanger 31 and the
low-order side heat exchanger 24 and the other end of
which is connected to a pipe between the low-order side
heat exchanger 24 and the high-order side heat exchan-
ger 11. One side of the first bypass path 33 is provided
with a first three-way valve 34 (a first switching unit). The
first three-way valve 34 switches between a first heat
medium circulation path 35 and a second heat medium
circulation path 36. The water as the heat medium cir-
culates through the first heat medium circulation path 35
in order of the first circulating pump 30, the use side heat
exchanger 31, the low-order side heat exchanger 24, the
high-order side heat exchanger 11, and the first circulat-
ing pump 30. The water as the heat medium circulates
through the second heat medium circulation path 36 in
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order of the first circulating pump 30, the use side heat
exchanger 31, the first bypass path 33, the high-order
side heat exchanger 11, and the first circulating pump 30.
[0021] The cascade refrigeration system 1 has a first
mode operation in which the heat medium flows through
the first heat medium circulation path 35, and a second
mode operation in which the heat medium flows through
the second heat medium circulation path 36 without
flowing through the low-order side heat exchanger 24.
FIG. 1B illustrates a state where the heat medium circu-
lates through the first heat medium circulation path 35 in
the first mode operation. FIG. 1C illustrates a state where
the heat medium circulates through the second heat
medium circulation path 36 in the second mode opera-
tion. The first mode operation is a heating operation in
which heat absorbed from external air by the heat-source
side heat exchanger 22 of the low-order side refrigerant
circuit 3 is released to the air in the room via the high-
order side heat exchanger 11 of the high-order side
refrigerant circuit 2 and the low-order side heat exchan-
ger 24 of the low-order side refrigerant circuit 3. The
second mode operation is an operation in which the heat
medium flows through the second heat medium circula-
tion path 36 without flowing through the low-order side
heat exchanger 24. The second mode operation is per-
formed in a case where the heat medium return tempera-
ture which is measured by the heat medium return tem-
perature detection sensor 24c and which is a tempera-
ture of the heat medium flowing out from the use side heat
exchanger 31 and flowing into the low-order side heat
exchanger 24 becomes closer to a condensing tempera-
ture of the low-order side refrigerant flowing into the low-
order side heat exchanger 24 which condensing tem-
perature is measured by the condensing temperature
detection sensor 24a.

[0022] The cascade refrigeration system 1 is a refrig-
eration device which uses latent heat of the high-order
side refrigerant in the high-order side refrigerant circuit 2,
which uses latent heat of the low-order side refrigerant in
the low-order side refrigerant circuit 3, and which uses
sensible heat of the heat medium (water) in the heat
medium circuit 4. Note that, in the present embodiment,
the high-order side refrigerant 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 necessarily be the same
refrigerant. For example, the low-order side refrigerant
may have a boiling point lower than that of the high-order
side refrigerant. Alternatively, a refrigerant whose
changeinlatent heatis usable for the heat medium circuit
may be used. In this case, the first circulating pump 30 of
the heat medium circuit 4 is replaced with a compressor,
and an expansion valve or the like is provided as a
pressure reduction mechanism in a path between the
use side heat exchanger 31 and the low-order side heat
exchanger 24.

[0023] In the cascade refrigeration system 1, the low-
order side refrigerant that is turned into a low-tempera-
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ture low-pressure gas phase refrigerant by absorbing
heat from the external air in the heat-source 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 high-temperature high-pressure gas
phase refrigerant is turned into a high-temperature
high-pressure liquid phase refrigerant in the cascade
heat exchanger 13 by releasing heat to the high-order
side refrigerant circulating through the high-order side
refrigerant circuit 2. A low-pressure high-order side re-
frigerant that absorbs heat from the low-order side re-
frigerant in the cascade heat exchanger 13 is com-
pressed by the high-order side compressor 10 and turned
into a high-temperature high-pressure gas phase refrig-
erant. The high-temperature high-pressure gas phase
refrigerant releases heat, in the high-order side heat
exchanger 11, to the water as the heat medium circulating
through the heat medium circuit 4, so that hot water is
generated. In the meantime, the low-order side refriger-
ant that is turned into the low-temperature low-pressure
gas phase refrigerant by absorbing heat from the external
air in the heat-source side heat exchanger 22 of the low-
order side refrigerant circuit 3 is compressed by the low-
order side compressor 20 and turned into the high-tem-
perature high-pressure gas phase refrigerant. The high-
temperature high-pressure gas phase refrigerant re-
leases heat, in the low-order side heat exchanger 24,
to the water as the heat medium circulating through the
heat medium circuit 4. Accordingly, the low-order side
refrigerant circulating through the low-order side refrig-
erant circuit 3 can be condensed by the water as the heat
medium circulating through the heat medium circuit 4.

[0024] In the cascade refrigeration system in the re-
lated art, the ratio (R1/R2) of a rotation speed (R1) of a
compressor of a high-order side refrigerating circuit to a
rotation speed (R2) of a compressor of a low-order side
refrigerating circuitin a startup operation is setlarger than
the ratio in a steady operation. This restrains the com-
pressor of the low-order side refrigerant circuit from
stopping for protection due to a high-pressure excessive
increase caused by the refrigerant being not condensed
in the low-order side refrigerating circuit. However, in the
related art, the rotation speed in the startup operation of
the compressor of the low-order side refrigerating circuit
is restricted, and therefore, it takes time until sufficient
heating performance is achieved in the startup operation.
In the meantime, the cascade refrigeration system 1 in
the present embodiment includes the high-order side
refrigerant circuit 2, and the low-order side refrigerant
circuit 3 including the first circulation path 23 and the
second circulation path 26. In the first mode operation,
the high-order side heat exchanger 11 of the high-order
side refrigerant circuit 2 and the low-order side heat
exchanger 24 in the second circulation path 26 of the
low-order side refrigerant circuit 3 perform heat-ex-
change between the low-order side refrigerant and the
heat medium circulating through the heat medium circuit
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4. Thus, the low-order side refrigerant circulating through
the low-order side refrigerant circuit 3 can be condensed
by directly exchanging heat with the heat medium circu-
lating through the heat medium circuit 4, thereby making
it possible to immediately perform the startup operation
while the protection stop of the compressor of the low-
order side refrigerating circuit is restrained.

[0025] Inthe meantime, when the first mode operation
is continued, the air exchanging heat with the heat med-
ium in the use side heat exchanger 31 is warmed. As a
result, eventually, the temperature (the heat medium
return temperature) of the heat medium flowing out from
the use side heat exchanger 31 and flowing into the low-
order side heat exchanger 24 becomes closer to the
condensing temperature of the low-order side refrigerant
flowing into the low-order side heat exchanger 24. In this
state, the low-order side refrigerant cannot be condensed
in the low-order side heat exchanger 24. When a large
amount of gas-phase refrigerant that is not condensed is
distributed in the low-order side heat exchanger 24 in
which a large amount of liquid-phase low-order side
refrigerant is normally distributed, the liquid-phase low-
order side refrigerant excessively accumulates in an-
other path (for example, an accumulator (not illustrated)
provided for the suction side of the low-order side com-
pressor 20) instead, in the low-order side refrigerating
circuit. This may cause liquid compression in the low-
order side compressor 20. Besides, when the rotation
speed of the low-order side compressor 20 is increasedin
order that the low-order side refrigerant can be con-
densed in the low-order side heat exchanger 24, the
reliability of the low-order side compressor 20 might
decrease.

[0026] However, the cascade refrigeration system 1 in
the present embodiment has the second mode operation
in which the heat medium flows through the second heat
medium circulation path 36 without flowing through the
low-order side heat exchanger 24. The second mode
operation is an operation in which the heat medium
circulates through the second heat medium circulation
path 36 without flowing through the low-order side heat
exchanger 24in a case where the heat medium return
temperature of the heat medium increases and becomes
closer to the condensing temperature of the low-order
side refrigerant. When the second mode operation is
performed, the heat medium reaching a high temperature
does not flow into the low-order side heat exchanger 24,
sothatthe low-order side refrigerant exchanges heat with
surrounding air via the low-order side heat exchanger 24
or the refrigerant pipe 6. Hereby, it is possible to restrain
such a situation that the low-order side refrigerant flowing
into the low-order side heat exchanger 24 cannot be
condensed, so that the low-order side heat exchanger
24 can be used as a condenser without increasing the
rotation speed of the low-order side compressor 20. Note
that, since the cascade refrigeration system 1 in the
present embodiment has the second mode operation,
it is preferable that the low-order side heat exchanger 24
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be a double pipe heat exchanger including an outer
peripheral side flow path and an inner peripheral side
flow path and have a structure in which the low-order side
refrigerant flows through the outer peripheral side flow
path and water as the heat medium flows through the
inner peripheral side flow path. Hereby, the low-order
side refrigerant can easily release heat and can be easily
condensed.

[0027] Nextwillbe described a control block diagramin
the cascade refrigeration system 1 according to the pre-
sent embodiment with reference to FIG. 2. The control
unit5includes a first supercooling degree calculating unit
45, a second supercooling degree calculating unit 46,
and a storage unit 47. The first supercooling degree
calculating unit 45 calculates a supercooling degree of
the low-order side refrigerant in the cascade heat ex-
changer 13. The second supercooling degree calculating
unit 46 calculates a supercooling degree of the low-order
side refrigerant in the low-order side heat exchanger 24.
The storage unit47 stores data on a target temperature or
the like, software for control, a program to calculate a
supercooling degree, and so on, for example. The first
supercooling degree calculating unit 45 receives a con-
densing temperature of the low-order side refrigerant
flowing through the cascade heat exchanger 13 which
condensing temperature is measured by the condensing
temperature detection sensor 13a, and an outlet tem-
perature of the low-order side refrigerant flowing through
the cascade heat exchanger 13 which outlet temperature
is measured by the outlet temperature detection sensor
13b. The second supercooling degree calculating unit 46
receives a condensing temperature of the low-order side
refrigerant flowing through the low-order side heat ex-
changer 24 which condensing temperature is measured
by the condensing temperature detection sensor 24a,
and an outlet temperature of the low-order side refriger-
ant flowing through the low-order side heat exchanger 24
which outlet temperature is measured by the outlet tem-
perature detection sensor 24b. The control unit 5 re-
ceives a target heat medium temperature. The target
heat medium temperature is a target temperature of
the water as the heat medium which water flows out from
the first circulating pump 30 in the heat medium circuit 4.
Thetarget heat medium temperature is changed depend-
ing on an air conditioning load (a difference between the
room temperature of an air-conditioning space and a set
temperature determined by a user) at the time when a
heating operation using the use side heatexchanger 31is
performed, for example. As the air conditioning load is
larger, a larger value is set as the target heat medium
temperature.

[0028] The control unit 5 also receives a heat medium
return temperature measured by the heat medium return
temperature detection sensor 24c, and a condensing
temperature of the low-order side heat exchanger 22
which condensing temperature is measured by the con-
densing temperature detection sensor 22a. The first
three-way valve 34 is controlled based on the heat med-
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ium return temperature and the condensing temperature
of the low-order side heat exchanger 22 which are re-
ceived by the control unit 5.

[0029] The control unit 5 determines respective rota-
tion speeds of the high-order side compressor 10 and the
low-order side compressor 20 based on the target heat
medium temperature. The low-order side first expansion
valve 21 is controlled based on the supercooling degree
of the low-order side refrigerant in the cascade heat
exchanger 13 which supercooling degree is calculated
by the first supercooling degree calculating unit 45. The
low-order side second expansion valve 25 is controlled
based on the supercooling degree of the low-order side
refrigerantin the low-order side heat exchanger 24 which
supercooling degree is calculated by the second super-
cooling degree calculating unit 46.

[0030] Nextwillbe described the control ofthe cascade
refrigeration system 1 according to the present embodi-
ment, with reference to a control flow diagram illustrated
in FIG. 3.

[0031] First, the control unit starts a first operation
mode (ST1). In the first operation mode, the first three-
way valve 34 is switched to cause the heat medium to flow
through the first heat medium circulation path 35. Sub-
sequently, the first circulating pump 30 is started (ST2).
Then, a startup operation is performed (ST3). In the
startup operation, the high-order side compressor 10
and the low-order side compressor 20 are started, and
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
maintained at predetermined initial openings, so that the
high-order side refrigerant is circulated through the high-
order side refrigerant circuit 2. The low-order side refrig-
erantis circulated through the first circulation path 23 and
the second circulation path 26 of the low-order side
refrigerant circuit 3. Here, the initial openings are respec-
tive 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 until the high-order
side refrigerant circuit 2 and the low-order side refrigerant
circuit 3 become stable after the cascade refrigeration
system 1 starts its operation. The initial openings are
determined based on the performance of the high-order
side compressor 10 and the low-order side compressor
20 and are set in advance.

[0032] Subsequently, when a predetermined time
elapses, the startup operation is ended (ST4). The pre-
determined time is, for example, ten minutes. The pre-
determined time is a necessary time to a minimum thatis
required until the cascade refrigeration system 1 settles
to a stable operation state corresponding to a load, and
the predetermined time is determined in advance by
experiments or the like. After the startup operation is
ended, the cascade refrigeration system 1 is switched
to a normal operation (ST5). In the normal operation, the
low-order side first expansion valve 21 and the low-order
side second expansion valve 25 are controlled so that the
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low-order side refrigerantin the outlet of the cascade heat
exchanger 13 and the low-order side refrigerant in the
outlet of the low-order side heat exchanger 24 have
respective predetermined supercooling degrees. Here,
the predetermined supercooling degrees are predeter-
mined fixed values and are set to respective values at
least equal to or more than 1 deg so as to prevent a low-
order side refrigerant in a two-phase state from flowing
into the expansion valves. The high-order side expansion
valve 12 is subjected to a suction superheat degree
control such that a suction superheat degree of the
high-order side compressor 10 is controlled to a target
value. The target value is a predetermined fixed value
andis setto avalue equalto ormore than 1 deg sothatthe
high-order side refrigerant sucked in the high-order side
compressor 10 is brought into an appropriate refrigerant
state. Note that the high-order side expansion valve 12
may be subjected to a target discharge temperature
control or a supercooling degree control, instead of the
suction superheat degree control. Subsequently, it is
determined whether or not the heat medium return tem-
perature after the heat medium flows out from the use
side heat exchanger 31 is lower than a predetermined
value (a first predetermined temperature) (ST6). The
predetermined value (the first predetermined tempera-
ture) is a variable and is a temperature lower by 2°C than
the condensing temperature of the low-order side refrig-
erant, for example. Alternatively, the condition of step
ST6 may be determined based on whether or not a
difference between the heat medium return temperature
after the heat medium flows out from the use side heat
exchanger 31 and the condensing temperature of the
low-order side refrigerant flowing into the low-order side
heat exchanger 24 which condensing temperature is
measured by the condensing temperature detection sen-
sor 24a of the low-order side refrigerant circuit 3 is equal
to or more than a second predetermined temperature.
The second predetermined temperature is a value having
such a possibility that, when the difference is lower than
the second predetermined temperature, the low-order
side refrigerant may not be condensed in the low-order
side heat exchanger 24 and the low-order side compres-
sor 20 may cause liquid compression. Ina case where the
heat medium return temperature is not lower than the
predetermined value (No in ST6), the second operation
mode is started (ST7). In the second operation mode, the
first three-way valve 34 is switched to cause the heat
medium to flow through the second heat medium circula-
tion path 36. The case where the heat medium return
temperature is not lower than the predetermined value is
a case where the low-order side refrigerant in a high-
temperature high-pressure gas phase which low-order
side refrigerant passes through the low-order side heat
exchanger 24 cannotrelease heat. However, by perform-
ing the second operation mode, the heat medium at a
high temperature does not flow into the low-order side
heat exchanger 24. As a result, the low-order side re-
frigerant flowing into the low-order side heat exchanger
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24 releases heat by exchanging heat with the surround-
ing air via the low-order side heat exchanger 24 or the
refrigerant pipe 6, thereby making it possible to restrain
such a situation that the low-order side refrigerant cannot
be condensed. Subsequently, a target supercooling de-
gree control is performed so that the supercooling degree
of the low-order side refrigerant in the outlet of the low-
order side heat exchanger 24 reaches a target super-
cooling degree (ST8). When the target supercooling
degree control is performed, the opening of the low-order
side second expansion valve 25 is controlled in a closing
direction so that supercooling is achieved, and the open-
ing is finally closed or brought into a slightly open state.
The target supercooling degree control is a control of the
low-order side second expansion valve 25 which control
is performed via the second supercooling degree calcu-
lating unit 46.

[0033] Subsequently, itis determined whether or nota
defrosting start condition is established (ST9). The de-
frosting start condition is satisfied, for example, in a case
where an outside temperature is equal to or less than 5°C
and the heating operation continues for three hours or a
case where a temperature detected by the condensing
temperature detection sensor 22a of the heat-source
side heat exchanger 22 becomes equal to or less than
-15°C. When the defrosting start condition is established
(Yes in ST9), the low-order side four-way valve 27 is
switched to a so-called cooling cycle side, and a defrost-
ing operation is started (ST14). After a predetermined
time elapses, the defrosting operation is ended (ST15).
The predetermined time is a time setin advance and is a
sufficient time (for example, ten minutes) to melt frost
attached to the heat-source side heat exchanger 22 by
the defrosting operation. In the meantime, in a case
where the defrosting start condition is not established
(No in ST9), it is determined whether or not the heat
medium return temperature is lower than a predeter-
mined value (ST10). In a case where the heat medium
return temperature is not lower than the predetermined
value (No in ST10), the procedure returns to step ST9
and the target supercooling degree control is continued.
In a case where the heat medium return temperature is
lower than the predetermined value (Yes in ST10), the
operation mode is switched to the first operation mode
(ST11). In the first operation mode, the first three-way
valve 34 is switched to cause the heat medium to flow
through the first heat medium circulation path 35. As a
result, the opening of the low-order side second expan-
sion valve 25 is controlled in an opening direction from a
closed or slightly open state by the target supercooling
degree control (ST12). When the target supercooling
degree control is performed after the operation mode
is switched to the first operation mode, the low-order side
refrigerant in a high-temperature high-pressure gas
phase which low-order side refrigerant passes through
the low-order side heat exchanger 24 can release heat
and condense. Accordingly, the opening of the low-order
side second expansion valve 25 is controlled in an open-
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ing direction so that the supercooling degree of the low-
order side refrigerant that has passed through the low-
order side heat exchanger 24 becomes a target super-
cooling degree. The target supercooling degree control is
a control of the low-order side second expansion valve 25
which control is performed via the second supercooling
degree calculating unit 46. The target supercooling de-
gree control is continued, and the procedure returns to
step ST6.

[0034] In a case where the heat medium return tem-
perature is lower than the predetermined value (Yes in
ST6), it is determined whether or not the defrosting start
condition is established (ST13). The defrosting start con-
ditionis determined based on an outside temperature ora
temperature detected by the condensing temperature
detection sensor 22a of the heat-source side heat ex-
changer 22. When the defrosting start condition is estab-
lished (Yes in ST13), the defrosting operation is started
(ST14). After a predetermined time elapses, the defrost-
ing operation is ended (ST15). In the meantime, in a case
where the defrosting start condition is not established (No
in ST13), the procedure returns to step ST6 to determine
whether or not the heat medium return temperature is
lower than the predetermined value (ST6).

[0035] Next will be described a cascade refrigeration
system 50 according to an alternative embodiment with
reference to FIGS. 4A to 4C. FIG. 4A is a refrigerant
circuit diagram of the cascade refrigeration system 50
according to the alternative embodiment. FIG. 4B is a
view illustrating the flow of a refrigerant in a first mode
operation in the cascade refrigeration system 50 accord-
ing to the alternative embodiment of the present inven-
tion. FIG. 4C is a view illustrating the flow of a refrigerant
in a second mode operation in the cascade refrigeration
system 50 according to the alternative embodiment of the
present invention. A difference between the cascade
refrigeration system 1 of the aforementioned embodi-
ment and the cascade refrigeration system 50 is as
follows. That is, the cascade refrigeration system 50 of
the alternative embodiment includes a second bypass
path 37 one end of which is connected to a pipe 32
between the first three-way valve 34 and the low-order
side heat exchanger 24 and the other end of which is
connected to a pipe 32 between the low-order side heat
exchanger 24 and the first bypass path 33. Note that the
other configuration is the same. In view of this, detailed
descriptions of the same constituents as the constituents
in the cascade refrigeration system 1 of the aforemen-
tioned embodiment are omitted. Further, the same con-
stituents as the constituents in the aforementioned em-
bodiment are referred to as the same reference signs as
those used in the aforementioned embodiment.

[0036] The cascade refrigeration system 50 is a refrig-
eration device which can be used for a cooling operation
in a case where the use side heatexchanger 31isused as
an evaporator and which can be used for an operation to
make hot water or a heating operation in a case where the
use side heat exchanger 31 is used as a condenser.
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Hereinafter, the operation to make hot water and the
heating operation may be collectively called a heating
operation. The present embodiment deals with a cas-
cade refrigeration system used for the heating operation.
[0037] The cascade refrigeration system 50 includes
the high-order side refrigerant circuit 2, the low-order side
refrigerant circuit 3, the heat medium circuit 4, and the
control unit 5, and the control unit 5 controls the cascade
refrigeration system 50. The heat medium circuit 4 in-
cludes the first bypass path 33 and the second bypass
path 37. One end of the first bypass path 33 is connected
to the pipe 32 between the use side heat exchanger 31
and the low-order side heat exchanger 24, and the other
end thereof is connected to a pipe between the low-order
side heat exchanger 24 and the high-order side heat
exchanger 11. The one end of the second bypass path
37 is connected to the pipe 32 between the first three-way
valve 34 and the low-order side heat exchanger 24, and
the other end thereof is connected to the pipe 32 between
the low-order side heat exchanger 24 and the other end of
the first bypass path 33.

[0038] In the second bypass path 37, a second three-
way valve 38 as a second switching unit is provided for
the other end of the second bypass path 37. Further, the
second bypass path 37 includes a heat accumulation unit
39 (corresponding to a second heat accumulation unit)
including a heat accumulation material, a second circu-
lating pump 40, and a check valve 41 provided from the
other end of the second bypass path 37 toward the one
end thereof. The second three-way valve 38 switches
between a state where water as the heat medium flows
through the first heat medium circulation path 35 and a
state where the water flows through a third heat medium
circulation path 42. The heat accumulation unit 39 accu-
mulates heat absorbed from the low-order side refriger-
antby the low-order side heat exchanger 24, via the water
as the heat medium. The heat accumulation unit 39 is
provided with a temperature detection sensor 39a con-
figured to measure a temperature of the heat accumula-
tion unit 39. The second circulating pump 40 causes the
water as the heat medium to flow from the other end of the
second bypass path 37 to the one end thereof. The check
valve 41 is a valve configured to cause the water as the
heat medium to flow from the other end of the second
bypass path 37 to the one end thereof but does not cause
the water to flow from the one end to the other end.
[0039] The cascade refrigeration system 50 has a first
mode operation in which the heat medium flows through
the first heat medium circulation path 35, and a second
mode operation in which the heat medium flows through
the second heat medium circulation path 36 and the third
heat medium circulation path 42. In the first mode opera-
tion, heatis absorbed from external air by the heat-source
side heat exchanger 22 of the low-order side refrigerant
circuit 3, the heat thus absorbed from the external air is
released to the heat medium in the heat medium circuit 4
via the high-order side heat exchanger 11 of the high-
order side refrigerant circuit 2 and the low-order side heat



17 EP 4 567 348 A1 18

exchanger 24 of the low-order side refrigerant circuit 3.
Thus, the first mode operation is an operation in which
heat is released to the air in the room from the heat
medium thus absorbing the heat in the heat medium
circuit 4. The second mode operation is an operation in
which heat is absorbed from the external air in the heat-
source side heat exchanger 22 of the low-order side
refrigerant circuit 3, and the heat is released to the air
in the room from the heat medium of the heat medium
circuit 4 via the high-order side refrigerant circuit 2. In
addition, the second mode operation performs an opera-
tion in which heat is absorbed from the external air in the
heat-source side heat exchanger 22 of the low-order side
refrigerant circuit 3, and the heat thus absorbed from the
external air is accumulated in the heat accumulation unit
39 of the heat medium circuit 4.

[0040] The first heat medium circulation path 35 is a
circulation path through which the heat medium circu-
lates in order of the first circulating pump 30, the use side
heat exchanger 31, the low-order side heat exchanger
24, the high-order side heat exchanger 11, and the first
circulating pump 30. The second heat medium circulation
path 36 is a circulation path through which the heat
medium circulates in order of the first circulating pump
30, the use side heat exchanger 31, the first bypass path
33, the high-order side heat exchanger 11, and the first
circulating pump 30. The third heat medium circulation
path 42 is a circulation path through which the heat
medium circulates in order of the second circulating
pump 40 of the second bypass path 37, the check valve
41 thereof, the low-order side heat exchanger 24, and the
second circulating pump 40.

[0041] Nextwillbe described a control block diagramin
the cascade refrigeration system 50 according to the
presentembodiment with reference to FIG. 5. The control
unit 5 includes the first supercooling degree calculating
unit 45, the second supercooling degree calculating unit
46, and the storage unit47. The first supercooling degree
calculating unit 45 calculates a supercooling degree of
the low-order side refrigerant in the cascade heat ex-
changer 13. The second supercooling degree calculating
unit 46 calculates a supercooling degree of the low-order
side refrigerant in the low-order side heat exchanger 24.
The storage unit47 stores data on a targettemperature or
the like, software for control, a program to calculate a
supercooling degree, and so on, for example. As de-
scribed above, the first supercooling degree calculating
unit 45 receives the condensing temperature of the low-
order side refrigerant flowing through the cascade heat
exchanger 13 which condensing temperature is mea-
sured by the condensing temperature detection sensor
13a, and the outlet temperature of the low-order side
refrigerant flowing through the cascade heat exchanger
13 which outlet temperature is measured by the outlet
temperature detection sensor 13b. The second super-
cooling degree calculating unit 46 receives the conden-
sing temperature of the low-order side refrigerant flowing
through the low-order side heat exchanger 24 which
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condensing temperature is measured by the condensing
temperature detection sensor 24a, and the outlet tem-
perature of the low-order side refrigerant flowing through
the low-order side heat exchanger 24 which outlet tem-
perature is measured by the outlet temperature detection
sensor 24b. The control unit 5 also receives a target heat
medium temperature. The target heat medium tempera-
ture is a target temperature of the water as the heat
medium which water flows out from the first circulating
pump 30 in the heat medium circuit 4. The target heat
medium temperature is changed depending on an air
conditioning load (a difference between the room tem-
perature of an air-conditioning space and a set tempera-
ture determined by a user) at the time when a heating
operation using the use side heat exchanger 31 is per-
formed, forexample. As the air conditioning load is larger,
a larger value is set as the target heat medium tempera-
ture.

[0042] The control unit 5 receives the heat medium
return temperature measured by the heat medium return
temperature detection sensor 24c, the condensing tem-
perature of the low-order side heat exchanger 24 which
condensing temperature is measured by the condensing
temperature detection sensor 22a, and a temperature of
the heat accumulation unit 39 which temperature is mea-
sured by the temperature detection sensor 39a. The first
three-way valve 34, the second three-way valve 38, and
the second circulating pump 40 are controlled based on
the heat medium return temperature, the temperature of
the low-order side heat exchanger 24, and the tempera-
ture of the heat accumulation unit 39 that are received by
the control unit 5. That is, the heat medium is caused to
release heat in the heat accumulation unit 39 so as to
prevent the heat medium return temperature from be-
coming higher than the condensing temperature of the
low-order side refrigerant flowing into the low-order side
heat exchanger 24.

[0043] The control unit 5 determines respective rota-
tion speeds of the high-order side compressor 10 and the
low-order side compressor 20 based on the target heat
medium temperature. The low-order side first expansion
valve 21 is controlled via the first supercooling degree
calculating unit 45 based on the condensing temperature
of the high-order side refrigerant flowing through the
cascade heat exchanger 13 and the outlet temperature
of the high-order side refrigerant flowing through the
cascade heat exchanger 13. The low-order side second
expansion valve 25 is controlled via the second super-
cooling degree calculating unit 46 based on the conden-
sing temperature of the low-order side refrigerant flowing
through the low-order side heat exchanger 24 and the
outlet temperature of the low-order side refrigerant flow-
ing through the low-order side heat exchanger 24.
[0044] The cascade refrigeration system 50 of the
present embodiment uses heat accumulated in the heat
accumulation unit 39 in the second mode operation for a
defrosting operation to defrost frost attached to the heat-
source side heat exchanger 22. The defrosting operation
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is performed as follows. The high-order side compressor
10 of the high-order side refrigerant circuit 2 is stopped,
and the low-order side four-way valve 27 of the low-order
side refrigerant circuit 3 is switched to a so-called cooling
cycle side. Thatis, the low-order side four-way valve 27 is
switched to cause the low-order side refrigerant dis-
charged from the low-order side compressor 20 to flow
toward the heat-source side heat exchanger 22 side so
as to cause the heat-source side heat exchanger 22 to
function as a condenser and the cascade heat exchanger
13 and the low-order side heat exchanger 24 to function
as evaporators. The low-order side first expansion valve
21 and the low-order side second expansion valve 25 are
set to openings close to a full-open state. The low-order
side refrigerant discharged from the low-order side com-
pressor 20 flows into the heat-source side heat exchan-
ger 22 and melts the frost. Part of the low-order side
refrigerant flowing out from the heat-source side heat
exchanger 22 flows into the low-order side heat exchan-
ger 24 and absorbs heat from the heat medium circulating
through the third heat medium circulation path 42 pro-
vided with the heat accumulation unit 39. The remaining
part of the low-order side refrigerant flowing out from the
heat-source side heat exchanger 22 flow into the cas-
cade heat exchanger 13 and absorbs heat remaining in
the high-order side refrigerant circuit 2 where the high-
order side compressor 10 stops. The low-order side
refrigerant that absorbs heat flows into the heat-source
side heat exchanger 22 again via the low-order side
compressor 20 and melts the frost.

[0045] With reference to a control flow diagram illu-
strated in FIG. 6, the control of the cascade refrigeration
system 50 according to the present embodiment will be
described.

[0046] First, the control unit starts the first operation
mode (ST21). In the first operation mode, the first three-
way valve 34 is switched to cause the heat mediumto flow
through the first heat medium circulation path 35. Sub-
sequently, the first circulating pump 30 is started (ST22).
Then, the startup operation is performed (ST23). In the
startup operation, the high-order side compressor 10 and
the low-order side compressor 20 are started, and re-
spective 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. Hereby, the
high-order side refrigerant is circulated through the
high-order side refrigerant circuit 2, and the low-order
side refrigerant is circulated through the first circulation
path 23 and the second circulation path 26 of the low-
order side refrigerant circuit 3. The initial openings are
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 until
the high-order side refrigerant circuit 2 and the low-order
side refrigerant circuit 3 become stable after the cascade
refrigeration system 1 starts its operation. The initial
openings are determined based on the performance of

10

15

20

25

30

35

40

45

50

55

12

the high-order side compressor 10 and the low-order side
compressor 20 and are set in advance.

[0047] Subsequently, when a predetermined time
elapses, the startup operation is ended (ST24). The
predetermined time is, for example, ten minutes. The
predetermined time is a necessary time to a minimum
that is required until the cascade refrigeration system 1
settles to a stable operation state corresponding to a
load, and the predetermined time is determined in ad-
vance by experiments or the like. After the startup opera-
tion is ended, the cascade refrigeration system 50 is
switched to a normal operation (ST25). In the normal
operation, the low-order side first expansion valve 21 and
the low-order side second expansion valve 25 are con-
trolled so that the low-order side refrigerant in the outlet of
the cascade heat exchanger 13 and the low-order side
refrigerant in the outlet of the low-order side heat ex-
changer 24 become respective predetermined super-
cooling degrees. The predetermined supercooling de-
grees are predetermined fixed values and are set to
respective values at least equal to or more than 1 deg
so as to prevent a low-order side refrigerant in a two-
phase state from flowing into the expansion valves. The
high-order side expansion valve 12 is subjected to a
suction superheat degree control such that a suction
superheat degree of the high-order side compressor
10 is controlled to a target value. The target value is a
predetermined fixed value and is setto a value equal to or
more than 1 deg so that the high-order side refrigerant
sucked in the high-order side compressor 10 is brought
into an appropriate refrigerant state. Note that the high-
order side expansion valve 12 may be subjected to a
target discharge temperature control or a supercooling
degree control, instead of the suction superheat degree
control. Subsequently, itis determined whether or not the
heat medium return temperature after the heat medium
flows out from the use side heat exchanger 31 is lower
than a predetermined value (a first predetermined tem-
perature) (ST26). The predetermined value (the first
predetermined temperature) is a variable and is a tem-
perature lower by 2°C than the condensing temperature
of the low-order side refrigerant, for example. Alterna-
tively, the condition of step ST26 may be determined
based on whether or not a difference between the heat
medium return temperature after the heat medium flows
out from the use side heat exchanger 31 and the con-
densing temperature of the low-order side refrigerant
flowing into the low-order side heat exchanger 24 which
condensing temperature is measured by the condensing
temperature detection sensor 24a of the low-order side
refrigerant circuit 3 is equal to or more than a second
predetermined temperature. The second predetermined
temperature is a value having such a possibility that,
when the difference is lower than the second predeter-
mined temperature, the low-order side refrigerant may
not be condensed in the low-order side heat exchanger
24 and the low-order side compressor 20 may cause
liquid compression. In a case where the heat medium
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return temperature is not lower than the predetermined
value (Noin ST26), the second operation mode is started
(ST27). The second operation mode is an operation in
which the first three-way valve 34 is switched to cause the
heat medium to flow through the second heat medium
circulation path 36, and heat absorbed from external air is
accumulated in the heat accumulation unit 39 of the heat
medium circuit 4. The second operation mode is per-
formed for a predetermined time to complete heat accu-
mulation to the heat accumulation unit 39 (ST28). Sub-
sequently, a target supercooling degree control is per-
formed so that the supercooling degree of the low-order
side refrigerant in the outlet of the low-order side heat
exchanger 24 reaches a target supercooling degree
(ST29). When the target supercooling degree control is
performed, the opening of the low-order side second
expansion valve 25 is controlled in a closing direction
so that supercooling is achieved, and the low-order side
second expansion valve 25 is finally closed or brought
into a slightly open state. The target supercooling degree
control is a control of the low-order side second expan-
sion valve 25 which control is performed via the second
supercooling degree calculating unit 46.

[0048] Subsequently, it is determined whether or not
the defrosting start condition is established (ST30). The
defrosting start condition is satisfied, for example, in a
case where an outside temperature is equal to or less
than 5°C or less and the heating operation continues for
three hours or a case where a temperature detected
based on the condensing temperature detection sensor
22a of the heat-source side heat exchanger 22 becomes
equal to or less than -15°C. When the defrosting start
condition is established (Yes in ST30), the low-order side
four-way valve 27 is switched to a so-called cooling cycle
side, and the defrosting operation is started (ST35). After
apredetermined time elapses, the defrosting operation is
ended (ST36). The predetermined time is a time set in
advance and is a sufficient time (for example, ten min-
utes) to melt frost attached to the heat-source side heat
exchanger 22 by the defrosting operation. In the mean-
time, in a case where the defrosting start condition is not
established (No in ST30), it is determined whether or not
the heat medium return temperature is lower than a
predetermined value (ST31). In a case where the heat
medium return temperature is not lower than the prede-
termined value (No in ST31), the procedure returns to
step ST30 and the target supercooling degree control is
continued. In a case where the heat medium return
temperature is lower than the predetermined value
(Yes in ST31), the operation mode is switched to the first
operation mode (ST32). In the first operation mode, the
first three-way valve 34 is switched to cause the heat
medium to flow through the first heat medium circulation
path 35. As a result, the opening of the low-order side
second expansion valve 25 is controlled in an opening
direction from a closed or slightly open state by the target
supercooling degree control (ST33). When the target
supercooling degree control is performed after the op-
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eration mode is switched to the first operation mode, the
low-order side refrigerant in a high-temperature high-
pressure gas phase which low-order side refrigerant
passes through the low-order side heat exchanger 24
can release heat and condense. Accordingly, the open-
ing of the low-order side second expansion valve 25 is
controlled in an opening direction so that the supercool-
ing degree of the low-order side refrigerant that has
passed through the low-order side heat exchanger 24
becomes a target supercooling degree. The target super-
cooling degree control is a control of the low-order side
second expansion valve 25 which control is performed
via the second supercooling degree calculating unit 46.
The target supercooling degree control is continued, and
the procedure returns to step ST26.

[0049] In a case where the heat medium return tem-
perature is lower than the predetermined value (Yes in
ST26), itis determined whether or not the defrosting start
condition is established (ST34). The defrosting start con-
dition is a condition related to the outside temperature or
the temperature detected based on the condensing tem-
perature detection sensor 22a of the heat-source side
heat exchanger 22, as described above. When the de-
frosting start condition is established (Yes in ST34), itis
determined whether or not a heat accumulation tempera-
ture in the heat accumulation unit 39 is higher than a
predetermined value (ST37). The predetermined value is
atemperature which is determined in advance by tests or
the like and based on which it can be determined that a
sufficient amount of heat that can be used for the defrost-
ing operation is accumulated. When the heat accumula-
tion temperature in the heat accumulation unit 39 is
higher than the predetermined value (Yes in ST37), the
defrosting operation is started (ST35). After a predeter-
mined time elapses, the defrosting operation is ended
(ST36). In the meantime, in a case where the heat
accumulation temperature in the heat accumulation unit
39 is not higher than the predetermined value (No in
ST37), the second operation mode is started (ST38).
The second operation mode is an operation in which
the first three-way valve 34 is switched to cause the heat
medium to flow through the second heat medium circula-
tion path, and heat absorbed from external air is accu-
mulated in the heat accumulation unit 39 of the heat
medium circuit 4. The second operation mode is per-
formed for a predetermined time to complete heat accu-
mulation to the heat accumulation unit 39 (ST39). Then,
the defrosting operation is started (ST35), and after a
predetermined time elapses, the defrosting operation is
ended (ST36).

[0050] 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.



23 EP 4 567 348 A1

Reference Signs List

[0051]

1 cascade refrigeration system

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 exchanger
12: high-order side expansion valve
13: cascade heat exchanger

13a:  condensing temperature detection sensor
13b:  outlet temperature detection sensor

14: high-order side four-way valve

20: low-order side compressor

21: low-order side first expansion valve

22: heat-source side heat exchanger

22a: condensing temperature detection sensor
23: first circulation path

24: low-order side heat exchanger

24a:  condensing temperature detection sensor
24b:  outlet temperature detection sensor
24c:  heat medium return temperature detection sen-

sor
25: low-order side second expansion valve
26: second circulation path

27: low-order side four-way valve

30: first circulating pump

31: use side heat exchanger

32: pipe

33: first bypass path

34: first three-way valve

35: first heat medium circulation path

36: second heat medium circulation path
37: second bypass path

38: second three-way valve

39: heat accumulation unit

39a: temperature detection sensor

40: second circulating pump

41: check valve

42: third heat medium circulation path

45: first supercooling degree calculating unit
46: second supercooling degree calculating unit
47: storage unit

50: cascade refrigeration system

Claims
1. A cascade refrigeration system comprising:

a high-order side refrigerant circuit configured
such that a high-order side compressor, a high-
order side heat exchanger, a high-order side
pressure reduction mechanism, and a cascade
heat exchanger are sequentially connected via
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refrigerant pipes to circulate a high-order side
refrigerant through the high-order side refriger-
ant circuit;

a low-order side refrigerant circuit including a
first circulation path and a second circulation
path,

the first circulation path being configured
such that a low-order side compressor,
the cascade heat exchanger, a low-order
side first pressure reduction mechanism,
and a heat-source side heat exchanger
are sequentially connected via refrigerant
pipes to circulate a low-order side refriger-
ant through the first circulation path,

the second circulation path being config-
ured such that a portion of the first circula-
tion path between the low-order side com-
pressor and the cascade heat exchanger is
connected to a portion of the first circulation
path between the low-order side first pres-
sure reduction mechanism and the heat-
source side heat exchanger via refrigerant
pipes including a low-order side heat ex-
changer and a low-order side second pres-
sure reduction mechanism such that the
low-order side compressor, the low-order
side heat exchanger, the low-order side
second pressure reduction mechanism,
and the heat-source side heat exchanger
are sequentially connected via the refriger-
ant pipes to circulate the low-order side
refrigerant through the second circulation
path;

a heat medium circuit including a first heat med-
ium circulation path and a second heat medium
circulation path,

the first heat medium circulation path being
configured such that afirst circulating pump,
a use side heat exchanger, the low-order
side heat exchanger, and the high-order
side heat exchanger are sequentially con-
nected via pipes to circulate a heat medium
through the first heat medium circulation
path such that the high-order side refriger-
ant exchanges heat with the heat mediumin
the high-order side heat exchanger, and the
low-order side refrigerant exchanges heat
with the heat medium in the low-order side
heat exchanger,

the second heat medium circulation path
including a first bypass path connecting a
portion of the first heat medium circulation
path between the use side heat exchanger
and the low-order side heat exchanger to a
portion of the first heat medium circulation
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path between the low-order side heat ex-
changer and the high-order side heat ex-
changer such that the first circulating pump,
the use side heat exchanger, the first by-
pass path, and the high-order side heat
exchanger are sequentially connected via
pipes to circulate the heat medium through
the second heat medium circulation path,

the high-order side refrigerant and the low-order
side refrigerant exchanging heat with each other
in the cascade heat exchanger;

a first switching unit configured to switch the
heat medium circuit between a state where
the heat medium flows through the first heat
medium circulation path and a state where the
heat medium flows through the second heat
medium circulation path; and

a control unit configured to control the high-order
side refrigerant circuit, the low-order side refrig-
erant circuit, and the heat medium circuit.

The cascade refrigeration system according to claim
1, wherein

at startup of the cascade refrigeration system, the
control unit starts the high-order side compressor,
the low-order side compressor, and the first circulat-
ing pump and switches the first switching unit to
cause the heat medium to flow through the first heat
medium circulation path.

The cascade refrigeration system according to claim
2, wherein

the control unit switches the first switching unit to
cause the heat medium to flow through the second
heat medium circulation path in a case where the
heat medium passing through the use side heat
exchanger has a temperature exceeding a first pre-
determined temperature or in a case where a differ-
ence between the temperature of the heat medium
passing through the use side heat exchanger and a
refrigerant condensing temperature in the low-order
side heat exchanger of the low-order side refrigerant
circuitis less than a second predetermined tempera-
ture.

The cascade refrigeration system according to claim
1, comprising:

afour-way valve connected to adischarge side of the
low-order side compressor in the low-order side
refrigerant circuit, the four-way valve being config-
ured to switch between a state where the low-order
side refrigerant discharged from the low-order side
compressor flows toward the cascade heat exchan-
ger side and the low-order side heat exchanger side
and a state where the low-order side refrigerant
discharged from the low-order side compressor
flows toward the heat-source side heat exchanger
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side.

The cascade refrigeration system according to claim
4, wherein

the low-order side heat exchanger includes a first
heat accumulation unit including a heat accumula-
tion material.

The cascade refrigeration system according to claim
5, wherein

when the heat accumulation material has a tempera-
ture equal to or more than a predetermined tempera-
ture, the control unit switches the four-way valve to
the heat-source side heat exchanger side and per-
forms a defrosting operation using heat accumulated
in the heat accumulation material.

The cascade refrigeration system according to claim
1, comprising:

a third heat medium circulation path provided in
the heat medium circuit and including a second
bypass path connected in parallel to the first
bypass path, the second bypass path including
a check valve, a second circulating pump, and a
second heat accumulation unit including a heat
accumulation material, the third heat medium
circulation path being configured such that the
second circulating pump, the check valve, the
low-order side heat exchanger, and the second
heat accumulation unit are sequentially con-
nected via refrigerant pipes to circulate the heat
medium through the third heat medium circula-
tion path;

a second switching unit configured to switch the
heat medium circuit between a state where the
heat medium flows through the first heat med-
ium circulation path and a state where the heat
medium flows through the third heat medium
circulation path; and

a four-way valve connected to a discharge side
of the low-order side compressor in the low-
order side refrigerant circuit, the four-way valve
being configured to switch between a state
where the low-order side refrigerant discharged
from the low-order side compressor flows to-
ward the cascade heat exchanger side and
the low-order side heat exchanger side and a
state where the low-order side refrigerant dis-
charged from the low-order side compressor
flows toward the heat-source side heat exchan-
ger side.

The cascade refrigeration system according to claim
7, wherein

at startup of the cascade refrigeration system, the
control unit starts the high-order side compressor,
the low-order side compressor, and the first circulat-
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ing pump and switches the first switching unitand the
second switching unit to cause the heat medium to
flow through the first heat medium circulation path.

The cascade refrigeration system according to claim
8, wherein

the control unit switches the first switching unit to
cause the heat medium to flow through the second
heat medium circulation path and switches the sec-
ond switching unit to cause the heat medium to flow
through the third heat medium circulation path in a
case where the heat medium passing through the
use side heat exchanger has a temperature exceed-
ing a first predetermined temperature or in a case
where a difference between the temperature of the
heat medium passing through the use side heat
exchanger and a refrigerant condensing tempera-
ture in the low-order side heat exchanger of the low-
order side refrigerant circuit is less than a second
predetermined temperature.

The cascade refrigeration system according to claim
9, wherein

when the heat accumulation material has a tempera-
ture equal to or more than a predetermined tempera-
ture, the control unit switches the four-way valve to
the heat-source side heat exchanger side and per-
forms a defrosting operation using heataccumulated
in the heat accumulation material.
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