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(54) TWO-STAGE REFRIGERATION DEVICE

(57)  There is provided a cascade refrigeration sys- FIG. 3
tem that promptly performs a start-up operation and
suppresses a decrease in reliability of a compressor
and suppresses an increase in power consumption. CONTROLLER
The cascade refrigeration system includes: a high-side
refrigerant circuit (2) having a high-side first circulation
path (17) containing a high-side compressor (10), a high-
side heat exchanger (11), a high-side expansion valve
(12), and a cascade heat exchanger (13) where a high-
siderefrigerantand alow-side refrigerant exchange heat,
sequentially connected; and a low-side refrigerant circuit
(3) containing a low-side compressor (20), the cascade
heat exchanger (13), a low-side expansion valve (21),
and a heat source-side heat exchanger (22) sequentially
connected, in which the high-side refrigerant circuit (2) T j 21
includes: a high-side second circulation path (18) in 20
which a discharge side and a suction side of the high- T 9] m—
side compressor (10) are connected by a high-side by- REAT EXCHANGER
pass path (15) and through which the high-side refriger- - G
ant discharged from the high-side compressor (10) cir-
culates to the suction side of the high-side compressor
(10) through the high-side bypass path (15); and a high-
side opening and closing valve (16) performing switching
between the high-side first circulation path (17) and the
high-side second circulation path (18).
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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 enables a smooth start-up to a
steady-state operation.

Background Art

[0002] A conventional cascade refrigeration system
includes a high-side refrigerant circuit in which a com-
pressor, a condenser, an expansion mechanism, and an
evaporation unit of an intermediate heat exchanger are
sequentially connected and through which a high-side
refrigerant circulates and a low-side refrigerant circuit in
which a compressor, a condensing unit of an intermedi-
ate heat exchanger, an expansion mechanism, and an
evaporator are sequentially connected, through which a
low-side refrigerant circulates, and in which the high-side
refrigerant and the low-side refrigerant exchange heat in
the intermediate heat exchanger. Such a cascade refrig-
eration system can dissipate heat in the condenser of the
high-side refrigerant circuit or obtain a cold source of a
refrigerator in the evaporator of the low-side refrigerant
circuit.

[0003] In such a cascade refrigeration system, when
the low-side refrigerant circuit and the high-side refriger-
ant circuit are simultaneously activated, the refrigerant is
not condensed in the condenser until the discharge tem-
perature sufficiently rises, and therefore the refrigerant
circulation amount cannot be sufficiently ensured in the
high-side refrigerant circuit, sometimes leading to a low-
pressure cutoff of the high-side refrigerant circuit.
Further, the low-side refrigerant circuit is activated in a
state where the refrigerant circulation amount of the high-
side refrigerant circuit cannot be sufficiently ensured.
Therefore, the low-side refrigerant of the low-side refrig-
erant circuit does not sufficiently exchange heat with the
high-side refrigerant in the intermediate heat exchanger,
sometimes leading to a high-pressure cutoff of the low-
side refrigerant circuit. The conventional cascade refrig-
eration system has had a high risk thatin any case results
in an abnormal stop before a steady-state operation is
achieved.

[0004] Therefore, in the cascade refrigeration system
disclosedin PTL 1, when the low-side refrigerantreaches
a predetermined first pressure after the low-side refrig-
erant circuit is activated, the low-side refrigerant circuit is
stopped and the high-side refrigerant circuit is activated.
Then, when the low-side refrigerant of the low-side re-
frigerant circuit is depressurized to a prescribed second
pressure, the low-side refrigerant circuit is activated.
Therefore, in the start-up, there is no risk of causing
either a high-pressure abnormality of the low-side refrig-
erant circuit or a low-pressure abnormality of the high-
side refrigerant circuit, thus enabling a smooth start-up to
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a steady-state operation.
Citation List
Patent Literature

[0005] PTL 1:JP 2013-213592 A

Summary of Invention
Technical Problem

[0006] However, the cascade refrigeration system dis-
closed in PTL 1 alternately operates the compressor of
the low-side refrigerant circuit and the compressor of the
high-side refrigerant circuit, and therefore requires time
for the start-up and undergoes a decrease in reliability of
the compressors. Further, the cascade refrigeration sys-
tem disclosed in PTL 1 has a problem of an increase in
power consumption due to repeated activation and stop
of the compressors.

[0007] Inview of the above-described problem, itis an
object of the present invention to provide a cascade
refrigeration system capable of promptly performing a
start-up operation, and suppressing the decrease in re-
liability of the compressor and suppressing the increase
in power consumption in the cascade refrigeration sys-
tem.

Solution to Problem

[0008] One aspect of the present invention is a cas-
cade refrigeration system including: a high-side refriger-
ant circuit containing a high-side compressor, a high-side
heat exchanger configured to exchange heat with a
heating medium, a high-side expansion mechanism,
and a cascade heat exchanger sequentially connected
by a refrigerant pipe and having a high-side first circula-
tion path through which a high-side refrigerant circulates;
a low-side refrigerant circuit containing a low-side com-
pressor, the cascade heat exchanger, a low-side expan-
sion mechanism, and a heat source-side heat exchanger
sequentially connected by a refrigerant pipe, the low-side
refrigerant circuit through which a low-side refrigerant
circulates; and a controller configured to control the high-
side refrigerant circuit and the low-side refrigerant circuit,
in which the high-side refrigerant and the low-side refrig-
erant exchange heat in the cascade heat exchanger, and
the high-side refrigerant circuit includes: a high-side
second circulation path in which a discharge side and
a suction side of the high-side compressor are connected
by a high-side bypass path and the high-side refrigerant
discharged from the high-side compressor circulates to
the suction side of the high-side compressor through the
high-side bypass path; and a high-side switching device
configured to switch a circulation path such that the high-
side refrigerant discharged from the high-side compres-
sor circulates through the high-side first circulation path
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or the high-side second circulation path.
Advantageous Effects of Invention

[0009] The present invention can provide a cascade
refrigeration system capable of promptly performing a
start-up operation, and suppressing the decrease in re-
liability of the compressor and suppressing the increase
in power consumption in the cascade refrigeration sys-
tem.

Brief Description of Drawings
[0010]

FIG. 1 is a refrigeration 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 refrigeration 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;

FIG. 5 is a refrigeration circuit diagram of a cascade
refrigeration system according to a third embodiment
of the present invention; and

FIG. 6 is a control flow diagram of the cascade
refrigeration system according to the third embodi-
ment of the present invention.

Description of Embodiments

[0011] Hereinafter, embodiments of a cascade refrig-
eration system according to the present invention are
described in detail based on the drawings. This invention
is not limited by the embodiments.

[0012] FIG. 1 is a refrigeration circuit diagram of a
cascade refrigeration system according to a first embodi-
ment of the present invention. FIG. 2 is a control flow
diagram of the cascade refrigeration system according to
the first embodiment of the present invention.

EXAMPLES

[0013] Acascaderefrigeration system 1, whichis afirst
embodiment, is described with reference to FIG. 1. The
cascade refrigeration system 1 is a refrigeration system
usable for an operation of making high-temperature hot
water or for a heating operation on a high-temperature
side. Hereinafter, the hot water making operation and the
heating operation are sometimes collectively referred to
as a heating operation. This embodiment describes a
cascade refrigeration system used for the heating opera-
tion. The cascade refrigeration system 1 includes a high-
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side refrigerant circuit 2, a low-side refrigerant circuit 3,
and a controller 5, in which the controller 5 controls the
cascade refrigeration system 1.

[0014] The high-side refrigerant circuit 2 has a high-
side first circulation path 17. The high-side first circulation
path 17 contains a high-side compressor 10, a high-side
heat exchanger 11 exchanging heat with a heating med-
ium, such as air or water, a high-side expansion valve 12
as a high-side expansion mechanism, and a cascade
heat exchanger 13 sequentially connected by a refriger-
ant pipe 6, the high-side first circulation path 17 through
which a high-side refrigerant circulates. The cascade
heat exchanger 13 is a heat exchanger where the
high-side refrigerant flowing through the high-side refrig-
erant circuit 2 and a low-side refrigerant flowing through
the low-side refrigerant circuit 3 exchange heat. In this
embodiment, the high-side heat exchanger 11 is a heat
exchanger exchanging heat with the high-side refrigerant
and air as the heating medium through a ventilator (not
illustrated). The high-side heat exchanger 11 is a heat
exchanger where the high-side refrigerant and the air as
the heating medium exchange heat, but may also be a
heat exchanger exchanging heat with water as a heating
medium flowing through a heating medium circuit (not
illustrated), for example. The arrows in the high-side
refrigerant circuit 2 indicate the flow of the high-side
refrigerant in the heating operation.

[0015] Inthe high-side refrigerant circuit 2, a high-side
four-way valve 14 is connected to a discharge side of the
high-side compressor 10, the high-side four-way valve 14
which switches the flow of the high-side refrigerant dis-
charged from the high-side compressor 10 between the
flow to the side of the high-side heatexchanger 11 and the
flow to the side of the cascade heat exchanger 13. This
embodiment describes a case where the high-side four-
way valve 14 sends the high-side refrigerant discharged
from the high-side compressor 10 to the side of the high-
side heat exchanger 11 (heating operation). Accordingly,
in the high-side refrigerant circuit 2, the high-side refrig-
erant discharged from the high-side compressor 10 flows
through the high-side heat exchanger 11, the high-side
expansion valve 12, and the cascade heat exchanger 13
to be sucked into the high-side compressor 10.

[0016] The low-side refrigerant circuit 3 has a low-side
first circulation path 23 and a low-side second circulation
path 28. The low-side first circulation path 23 contains a
low-side compressor 20, the cascade heat exchanger 13
connected to the high-side refrigerant circuit 2, a low-side
expansion valve 21 as alow-side expansion mechanism,
and a heat source-side heat exchanger 22 absorbing
heat from the outside air sequentially connected by the
refrigerant pipe 6, the low-side first circulation path 23
through which the low-side refrigerant circulates. The
cascade heat exchanger 13 is a heat exchanger where
the low-side refrigerant and the high-side refrigerant
flowing through the high-side refrigerant circuit 2 ex-
change heat. The arrows in the low-side refrigerant circuit
3 indicate the flow of the low-side refrigerant.
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[0017] The low-side refrigerant circuit 3 has a low-side
bypass path 25 connecting a discharge side of the low-
side compressor 20 and a suction side of the low-side
compressor 20. The low-side bypass path 25 is provided
with a low-side opening and closing valve 26. The low-
side opening and closing valve 26 opens and closes the
low-side bypass path 25. A flow path where the low-side
refrigerant circulates from the discharge side of the low-
side compressor 20 to the suction side of the low-side
compressor 20 through the low-side bypass path 25
serves as the low-side second circulation path 28. When
the low-side opening and closing valve 26 is closed, the
low-side refrigerant circulates through the low-side first
circulation path 23. When the low-side opening and
closing valve 26 is opened, most of the low-side refrig-
erants circulate through the low-side second circulation
path 28 smaller in flow resistance than the low-side first
circulation path 23. The low-side opening and closing
valve 26 serves as a low-side switching device switching
the circulation of the low-side refrigerant discharged from
the low-side compressor 20 between the circulation to
the low-side first circulation path 23 and the circulation to
the low-side second circulation path 28 in the present
invention. This embodiment uses the low-side opening
and closing valve 26, which is an opening and closing
valve, as the low-side switching device. However, the
other device may be used as the low-side switching
device. For example, it may be acceptable that a
three-way valve is provided at one end or the other
end of the low-side bypass path 25 and the three-way
valve switches the circulation of the low-side refrigerant
discharged from the low-side compressor 20 between
the circulation to the low-side first circulation path 23 and
the circulation to the low-side second circulation path 28.
[0018] In the low-side refrigerant circuit 3, a low-side
four-way valve 27 is connected to the discharge side of
the low-side compressor 20, the low-side four-way valve
27 which switches the flow of the low-side refrigerant
discharged from the low-side compressor 20 between
the flow to the side of the cascade heat exchanger 13 and
the flow to the heat source-side heat exchanger 22. This
embodiment describes a case where the low-side four-
way valve 27 sends the low-side refrigerant discharged
from the low-side compressor 20 to the side of the cas-
cade heat exchanger 13 (heating operation). In this case,
in the low-side refrigerant circuit 3, the low-side refriger-
ant discharged from the low-side compressor 20 flows
through the cascade heat exchanger 13, the low-side
expansion valve 21, and the heat source-side heat ex-
changer 22 to be sucked into the low-side compressor 20.
In the low-side refrigerant circuit 3, the low-side com-
pressor 20 is a configuration commonly used in the low-
side first circulation path 23 and the low-side second
circulation path 28.

[0019] In the first embodiment, the high-side refriger-
ant in the high-side refrigerant circuit 2 and the low-side
refrigerant in the low-side refrigerant circuit 3 are the
same refrigerant, but are not necessarily required to be
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the same, and a low-side refrigerant having a lower
boiling point than that of a high-side refrigerant may be
acceptable, for example .

[0020] Next, the control of the cascade refrigeration
system 1 according to the first embodiment is described
with reference to the control flow diagram illustrated in
FIG. 2.

[0021] When the cascade refrigeration system 1 is
activated, the controller 5 first activates the high-side
compressor 10 (ST1), and then activates the low-side
compressor 20 (ST2) . More specifically, the high-side
compressor 10 and the low-side compressor 20 are al-
most simultaneously activated. Next, the low-side open-
ing and closing valve 26 is opened (ST3) . By opening the
low-side opening and closing valve 26, most of the low-
side refrigerants at high temperatures and high pres-
sures discharged from the low-side compressor 20 flow
to the suction side of the low-side compressor 20 through
the low-side bypass path 25 smaller in flow resistance
than the low-side first circulation path 23. More specifi-
cally, the low-side refrigerant at a high temperature and a
high pressure discharged from the low-side compressor
20 circulates through the low-side second circulation
path 28. Next, it is determined whether the temperature
of the high-side refrigerant discharged from the high-side
compressor 10 of the high-side refrigerant circuit 2 is
higher than the temperature of air as the heating medium
exchanging heat in the high-side heat exchanger 11
(ST4). The temperature of the high-side refrigerant is
detected by a temperature sensor (not illustrated) pro-
vided in a pipe connected to the discharge side of the
high-side compressor 10. The temperature of the heating
medium is detected by a temperature sensor (not illu-
strated) provided at a position where the temperature of
the heating medium flowing into the high-side heat ex-
changer 11 is detected. When the temperature of the
high-side refrigerant discharged from the high-side com-
pressor 10 of the high-side refrigerant circuit 2 is higher
than the temperature of the air as the heating medium
exchanging heat in the high-side heat exchanger 11 (Yes
in ST4), the low-side opening and closing valve 26 is
closed (ST5) .

[0022] The cascade refrigeration system 1 of the first
embodiment is characterized by the fact that the high-
side compressor 10 is activated (ST1), the low-side
compressor 20 is activated (ST2), the low-side opening
and closing valve 26 is opened, and then the low-side
refrigerant at a high temperature and a high pressure
discharged from the low-side compressor 20 circulates
through the low-side second circulation path 28. More
specifically, most of the low-side refrigerants at high
temperatures and high pressures discharged from the
low-side compressor 20 circulate to the suction side of
the low-side compressor 20 through the low-side bypass
path 25 smaller in flow resistance than the low-side first
circulation path 23. This reduces a difference between
the pressure of the refrigerant discharged from the low-
side compressor 20 and the pressure of the refrigerant
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suctioned into the low-side compressor 20. This makes it
possible to suppress arise in the pressure of the low-side
refrigerant on the high-pressure side of the low-side
refrigerant circuit 3 and makes it possible to continue
the operation of the low-side compressor 20 even when
the high-side refrigerant is unable to evaporate in the
cascade heat exchanger 13 of the high-side refrigerant
circuit 2. Further, by immediately warming the low-side
compressor 20, stagnation when the outside air is low
can be suppressed.

[0023] Next, a cascade refrigeration system 50 as a
second embodiment is described with reference to FIG.
3. Adifference between the cascade refrigeration system
50 of the second embodiment and the cascade refrigera-
tion system 1 of the first embodiment is that the high-side
refrigerant circuit 2 is provided with a high-side second
circulation path 18 and the low-side refrigerant circuit 3 is
not provided with the low-side second circulation path 28,
and the other configurations are common. The same
reference numerals are used for the common configura-
tions.

[0024] FIG. 3 is a refrigerant circuit diagram of the
cascade refrigeration system 50 of the second embodi-
ment. The cascade refrigeration system 50 is a refrigera-
tion system usable for the heating operation on the high
temperature side. This embodiment describes a cascade
refrigeration system used for the heating operation. The
cascade refrigeration system 50 includes the high-side
refrigerant circuit 2, the low-side refrigerant circuit 3, and
the controller 5, in which the controller 5 controls the
cascade refrigeration system 50.

[0025] The high-side refrigerant circuit 2 has the high-
side first circulation path 17 and the high-side second
circulation path 18. The high-side first circulation path 17
contains the high-side compressor 10, the high-side heat
exchanger 11 exchanging heat with the heating medium,
such as air or water, the high-side expansion valve 12 as
the high-side expansion mechanism, and the cascade
heat exchanger 13 sequentially connected by the refrig-
erant pipe 6, the high-side first circulation path 17 through
which the high-side refrigerant circulates. The cascade
heat exchanger 13 is a heat exchanger where the high-
side refrigerant flowing through the high-side refrigerant
circuit 2 and the low-side refrigerant flowing through the
low-side refrigerant circuit 3 exchange heat. In this em-
bodiment, the high-side heat exchanger 11 is a heat
exchanger exchanging heat with the high-side refrigerant
and air as a heating medium through a ventilator (not
illustrated) . The high-side heat exchanger 11 is a heat
exchanger where the high-side refrigerant and the air as
the heating medium exchange heat, but may also be a
heat exchanger exchanging heat with water as a heating
medium flowing through a heating medium circuit (not
illustrated), for example. The arrows in the high-side
refrigerant circuit 2 indicate the flow of the high-side
refrigerant (heating operation).

[0026] The high-side refrigerant circuit 2 includes a
high-side bypass path 15 connecting the discharge side
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of the high-side compressor 10 and a suction side of the
high-side compressor 10. The high-side bypass path 15
is provided with a high-side opening and closing valve 16.
The high-side opening and closing valve 16 opens and
closes the high-side bypass path 15. A flow path where
the high-side refrigerant circulates from the discharge
side of the high-side compressor 10 to the suction side of
the high-side compressor 10 through the high-side by-
pass path 15 serves as the high-side second circulation
path 18. When the high-side opening and closing valve
16 is closed, the high-side refrigerant circulates through
the high-side first circulation path 17. When the high-side
opening and closing valve 16 is opened, most of the high-
side refrigerants circulate through the high-side second
circulation path 18 smaller in flow resistance than the
high-side first circulation path 17. The high-side opening
and closing valve 16 serves as a high-side switching
device switching the circulation of the high-side refriger-
ant discharged from the high-side compressor 10 be-
tween the circulation to the high-side first circulation path
17 and the circulation to the high-side second circulation
path 18 in the present invention. This embodiment uses
the high-side opening and closing valve 16, which is an
opening and closing valve, as the high-side switching
device. However, the other device may be used as the
high-side switching device. For example, it may be ac-
ceptable that a three-way valve is provided at one end or
the other end of the high-side bypass path 15 and the
three-way valve switches the circulation of the high-side
refrigerant discharged from the high-side compressor 10
between the circulation to the high-side first circulation
path 17 and the circulation to the high-side second cir-
culation path 18.

[0027] Inthe high-side refrigerant circuit 2, a high-side
four-way valve 14 is connected to the discharge side of
the high-side compressor 10, the high-side four-way
valve 14 which switches the flow of the high-side refrig-
erant discharged from the high-side compressor 10 be-
tween the flow to the side of the high-side heat exchanger
11 and the flow to the side of the cascade heat exchanger
13. This embodiment describes a case where the high-
side four-way valve 14 sends the high-side refrigerant
discharged from the high-side compressor 10 to the side
of the high-side heat exchanger 11. Accordingly, in the
high-side refrigerant circuit 2, the high-side refrigerant
discharged from the high-side compressor 10 flows
through the high-side heat exchanger 11, the high-side
expansion valve 12, and the cascade heat exchanger 13
to be sucked into the high-side compressor 10. In the
high-side refrigerant circuit 2, the high-side compressor
10 is a configuration commonly used in the high-side first
circulation path 17 and the high-side second circulation
path 18.

[0028] The low-side refrigerant circuit 3 has the low-
side first circulation path 23. The low-side first circulation
path 23 contains a low-side compressor 20, the cascade
heat exchanger 13 connected to the high-side refrigerant
circuit 2, a low-side expansion valve 21 as a low-side
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expansion mechanism, and a heat source-side heat ex-
changer 22 absorbing heat from the outside air sequen-
tially connected by the refrigerant pipe 6, the low-side first
circulation path 23 through which the low-side refrigerant
circulates. The cascade heat exchanger 13 is a heat
exchanger where the low-side refrigerant and the high-
side refrigerant flowing through the high-side refrigerant
circuit 2 exchange heat. The arrows in the low-side re-
frigerant circuit 3 indicate the flow of the low-side refrig-
erant.

[0029] Inthe low-side refrigerant circuit 3, the low-side
four-way valve 27 is connected to the discharge side of
the low-side compressor 20, the low-side four-way valve
27 which switches the flow of the low-side refrigerant
discharged from the low-side compressor 20 between
the flow to the side of the cascade heat exchanger 13 and
the flow to the heat source-side heat exchanger 22. This
embodiment describes a case where the low-side four-
way valve 27 sends the low-side refrigerant discharged
from the low-side compressor 20 to the side of the cas-
cade heat exchanger 13. Accordingly, in the low-side
refrigerant circuit 3, the low-side refrigerant discharged
from the low-side compressor 20 flows through the cas-
cade heat exchanger 13, the low-side expansion valve
21, and the heat source-side heat exchanger 22 to be
sucked into the low-side compressor 20.

[0030] In this embodiment, the high-side refrigerant in
the high-side refrigerant circuit 2 and the low-side refrig-
erant in the low-side refrigerant circuit 3 are the same
refrigerant, but are not necessarily required to be the
same, and a low-side refrigerant having a lower boiling
point than that of a high-side refrigerant may be accep-
table, for example.

[0031] Next, the control of the cascade refrigeration
system 50 according to the second embodiment is de-
scribed with reference to the control flow diagram illu-
strated in FIG. 4.

[0032] When the cascade refrigeration system 50 is
activated, the controller 5 first activates the high-side
compressor 10 (ST10). Next, the high-side opening
and closing valve 16 is opened (ST11). By opening the
high-side opening and closing valve 16, most of the high-
side refrigerants at high temperatures and high pres-
sures discharged from the high-side compressor 10 cir-
culate to the suction side of the high-side compressor 10
through the high-side bypass path 15 smaller in flow
resistance than the high-side first circulation path 17.
More specifically, the high-side refrigerant at a high tem-
perature and a high pressure discharged from the high-
side compressor 10 circulates through the high-side
second circulation path 18. Next, itis determined whether
the temperature of the high-side compressor 10 exceeds
60°C which is a predetermined value (ST12). The tem-
perature of the high-side compressor 10 is detected by a
temperature sensor (not illustrated) provided in a pipe
connected to the discharge side of the high-side com-
pressor 10. The predetermined value is such a value that,
when the temperature of the high-side compressor 10 is
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equal toorlargerthan the value, a desired heat exchange
amount with the heating medium is obtained in the high-
side heat exchanger 11, and, when the temperature is
reached, the high-side refrigerant can be sufficiently
condensed in the high-side heat exchanger 11. When
the temperature of the high-side compressor 10 exceeds
60°C which is the predetermined value (Yes in ST12), the
high-side opening and closing valve 16 is closed (ST13).
When the temperature of the high-side compressor 10
does not exceed 60°C which is the predetermined value
(No in ST12), the operation is continued. Next, it is
determined whether the temperature of the high-side
refrigerant discharged from the high-side compressor
10 of the high-side refrigerant circuit 2 is higher than
the temperature of the air as the heating medium ex-
changing heatin the high-side heatexchanger 11 (ST14).
The temperature of the heating medium is detected by a
temperature sensor (notillustrated) provided at a position
where the temperature of the heating medium flowing
into the high-side heat exchanger 11 is detected. When
the temperature of the high-side refrigerant discharged
from the high-side compressor 10 of the high-side refrig-
erant circuit 2 is higher than the temperature of the air as
the heating medium exchanging heat in the high-side
heat exchanger 11 (Yes in ST14), the low-side compres-
sor 20 is activated (ST15).

[0033] The cascade refrigeration system 1 of this em-
bodiment is characterized by the fact that the high-side
compressor 10 is activated (ST10), the high-side opening
and closing valve 16 is opened, and then the high-side
refrigerant at a high temperature and a high pressure
discharged from the high-side compressor 10 circulates
through the high-side second circulation path 18. More
specifically, most of the high-side refrigerants at high
temperatures and high pressures discharged from the
high-side compressor 10 circulate to the suction side of
the high-side compressor 10 through the high-side by-
pass path 15 smaller in flow resistance than the high-side
first circulation path 17. This makes it possible to imme-
diately raise the temperature of the high-side compressor
10 and suppress a stagnation operation when the outside
air temperature is low. Further, a state where the refrig-
erant pressure of the high-side refrigerant is easily raised
can be achieved, and therefore the high-side refrigerant
exchange heat with the air which is the heating mediumin
the high-side heat exchanger 11, and thus can be con-
densed. This enables the high-side refrigerant to ex-
change heat with the low-side refrigerant in the cascade
heat exchanger 13, which makes it possible to promptly
start the activation of the low-side compressor 20.
[0034] Next, a cascade refrigeration system 51 as a
third embodiment is described with reference to FIG. 5. A
difference between the cascade refrigeration system 51
of the third embodiment and the cascade refrigeration
system 1 of the first embodiment is that the high-side
refrigerant circuit 2 is provided with the high-side second
circulation path 18 and the low-side refrigerant circuit 3 is
provided with the low-side second circulation path 28,
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and the other configurations are common. The same
reference numerals are used for the common configura-
tions.

[0035] FIG. 5 is a refrigerant circuit diagram of the
cascade refrigeration system 51 of the third embodiment.
The cascade refrigeration system 51 is a refrigeration
system usable for storing frozen food or other items when
used on the low temperature side, and usable for making
high-temperature hot water or usable for the heating
operation when used on the high temperature side. This
embodiment describes a cascade refrigeration system
used for the heating operation. The cascade refrigeration
system 51 includes the high-side refrigerant circuit 2, the
low-side refrigerant circuit 3, and the controller 5, in which
the controller 5 controls the cascade refrigeration system
51.

[0036] The high-side refrigerant circuit 2 has the high-
side first circulation path 17 and the high-side second
circulation path 18. The high-side first circulation path 17
contains the high-side compressor 10, the high-side heat
exchanger 11 exchanging heat with the heating medium,
such as air or water, the high-side expansion valve 12 as
the high-side expansion mechanism, and the cascade
heat exchanger 13 sequentially connected by the refrig-
erant pipe 6, the high-side first circulation path 17 through
which the high-side refrigerant circulates. The cascade
heat exchanger 13 is a heat exchanger where the high-
side refrigerant flowing through the high-side refrigerant
circuit 2 and the low-side refrigerant flowing through the
low-side refrigerant circuit 3 exchange heat. In this em-
bodiment, the high-side heat exchanger 11 is a heat
exchanger exchanging heat with the high-side refrigerant
and the air as the heating medium through a ventilator
(not illustrated). The high-side heat exchanger 11 is a
heat exchanger where the high-side refrigerant and the
air as the heating medium exchange heat, but may also
be a heat exchanger exchanging heat with water as a
heating medium flowing through a heating medium circuit
(notillustrated), for example. The arrows in the high-side
refrigerant circuit 2 indicate the flow of the high-side
refrigerant (heating operation).

[0037] The high-side refrigerant circuit 2 includes the
high-side bypass path 15 connecting the discharge side
ofthe high-side compressor 10 and the suction side of the
high-side compressor 10. The high-side bypass path 15
is provided with the high-side opening and closing valve
16. The high-side opening and closing valve 16 opens
and closes the high-side bypass path 15. A flow path
where the high-side refrigerant circulates from the dis-
charge side of the high-side compressor 10 to the suction
side of the high-side compressor 10 through the high-
side bypass path 15 serves as the high-side second
circulation path 18. When the high-side opening and
closing valve 16 is closed, the high-side refrigerant cir-
culates through the high-side first circulation path 17.
When the high-side opening and closing valve 16 is
opened, most of the high-side refrigerants circulate
through the high-side second circulation path 18 smaller
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in flow resistance than the high-side first circulation path
17. The high-side opening and closing valve 16 serves as
the high-side switching device switching the circulation of
the high-side refrigerant discharged from the high-side
compressor 10 between the circulation to the high-side
first circulation path 17 and the circulation to the high-side
second circulation path 18 in the present invention. This
embodiment uses the high-side opening and closing
valve 16, which is an opening and closing valve, as the
high-side switching device. However, the other device
may be used as the high-side switching device. For
example, it may be acceptable that a three-way valve
is provided at one end or the other end of the high-side
bypass path 15 and the three-way valve switches the
circulation of the high-side refrigerant discharged from
the high-side compressor 10 between the circulation to
the high-side first circulation path 17 and the circulation to
the high-side second circulation path 18.

[0038] In the high-side refrigerant circuit 2, the high-
side four-way valve 14 is connected to the discharge side
of the high-side compressor 10, the high-side four-way
valve 14 which switches the flow of the high-side refrig-
erant discharged from the high-side compressor 10 be-
tween the flow to the side of the high-side heat exchanger
11 and the flow to the side of the cascade heat exchanger
13. This embodiment describes a case where the high-
side four-way valve 14 sends the high-side refrigerant
discharged from the high-side compressor 10 to the side
of the high-side heat exchanger 11. Accordingly, in the
high-side refrigerant circuit 2, the high-side refrigerant
discharged from the high-side compressor 10 flows
through the high-side heat exchanger 11, the high-side
expansion valve 12, and the cascade heat exchanger 13
to be sucked into the high-side compressor 10. In the
high-side refrigerant circuit 2, the high-side compressor
10 is a configuration commonly used in the high-side first
circulation path 17 and the high-side second circulation
path 18.

[0039] The low-side refrigerant circuit 3 has the low-
side first circulation path 23 and the low-side second
circulation path 28. The low-side first circulation path
23 contains the low-side compressor 20, the cascade
heat exchanger 13 connected to the high-side refrigerant
circuit 2, the low-side expansion valve 21 as the low-side
expansion mechanism, and the heat source-side heat
exchanger 22 absorbing heat from the outside air se-
quentially connected by the refrigerant pipe 6, the low-
side first circulation path 23 through which the low-side
refrigerant circulates. The cascade heat exchanger 13 is
a heat exchanger where the low-side refrigerant and the
high-side refrigerant flowing through the high-side refrig-
erant circuit 2 exchange heat. The arrows in the low-side
refrigerant circuit 3 indicate the flow of the low-side re-
frigerant.

[0040] The low-side refrigerant circuit 3 has the low-
side bypass path 25 connecting the discharge side of the
low-side compressor 20 and the suction side of the low-
side compressor 20. The low-side bypass path 25 is
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provided with the low-side opening and closing valve 26.
The low-side opening and closing valve 26 opens and
closes the low-side bypass path 25. A flow path where the
low-side refrigerant circulates from the discharge side of
the low-side compressor 20 to the suction side of the low-
side compressor 20 through the low-side bypass path 25
serves as the low-side second circulation path 28. When
the low-side opening and closing valve 26 is closed, the
low-side refrigerant circulates through the low-side first
circulation path 23. When the low-side opening and
closing valve 26 is opened, most of the low-side refrig-
erants circulate through the low-side second circulation
path 28 smaller in flow resistance than the low-side first
circulation path 23. The low-side opening and closing
valve 26 serves as the low-side switching device switch-
ing the circulation of the low-side refrigerant discharged
from the low-side compressor 20 between the circulation
to the low-side first circulation path 23 and the circulation
to the low-side second circulation path 28 in the present
invention. This embodiment uses the low-side opening
and closing valve 26, which is an opening and closing
valve, as the low-side switching device. However, the
other device may be used as the low-side switching
device. For example, it may be acceptable that a
three-way valve is provided at one end or the other
end of the low-side bypass path 25 and the three-way
valve switches the circulation of the low-side refrigerant
discharged from the low-side compressor 20 between
the circulation to the low-side first circulation path 23 and
the circulation to the low-side second circulation path 28.
[0041] Inthe low-side refrigerant circuit 3, the low-side
four-way valve 27 is connected to the discharge side of
the low-side compressor 20, the low-side four-way valve
27 which switches the flow of the low-side refrigerant
discharged from the low-side compressor 20 between
the flow to the side of the cascade heat exchanger 13 and
the flow to the heat source-side heat exchanger 22. This
embodiment describes a case where the low-side four-
way valve 27 sends the low-side refrigerant discharged
from the low-side compressor 20 to the side of the cas-
cade heat exchanger 13. Accordingly, in the low-side
refrigerant circuit 3, the low-side refrigerant discharged
from the low-side compressor 20 flows through the cas-
cade heat exchanger 13, the low-side expansion valve
21, and the heat source-side heat exchanger 22 to be
sucked into the low-side compressor 20. In the low-side
refrigerant circuit 3, the low-side compressor 20 is a
configuration commonly used in the low-side first circula-
tion path 23 and the low-side second circulation path 28.
[0042] In this embodiment, the high-side refrigerant in
the high-side refrigerant circuit 2 and the low-side refrig-
erant in the low-side refrigerant circuit 3 are the same
refrigerant, but are not necessarily required to be the
same, and a low-side refrigerant having a lower boiling
point than that of a high-side refrigerant may be accep-
table, for example.

[0043] Next, the control of the cascade refrigeration
system 51 according to the third embodiment is de-
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scribed with reference to the control flow diagram illu-
strated in FIG. 6.

[0044] When the cascade refrigeration system 51 is
activated, the controller 5 first activates the high-side
compressor 10, and then opens the high-side opening
and closing valve 16 (ST20). By opening the high-side
opening and closing valve 16, most of the high-side
refrigerants at high temperatures and high pressures
discharged from the high-side compressor 10 circulate
to the suction side of the high-side compressor 10
through the high-side bypass path 15 smaller in flow
resistance than the high-side first circulation path 17.
More specifically, the high-side refrigerant at a high tem-
perature and a high pressure discharged from the high-
side compressor 10 circulates through the high-side
second circulation path 18. Next, the low-side compres-
sor 20 is activated, and then the low-side opening and
closing valve 26 is opened (ST21). By opening the low-
side opening and closing valve 26, most of the low-side
refrigerants at high temperatures and high pressures
discharged from the low-side compressor 20 circulate
to the suction side of the low-side compressor 20 through
the low-side bypass path 25 smaller in flow resistance
than the low-side first circulation path 23. More specifi-
cally, the low-side refrigerant at a high temperature and a
high pressure discharged from the low-side compressor
20 circulates through the low-side second circulation
path 28. Next, it is determined whether the temperature
of the high-side compressor 10 exceeds 60°C which is
the predetermined value (ST22). The temperature of the
high-side compressor 10 is detected by a temperature
sensor (not illustrated) provided in a pipe connected to
the discharge side of the high-side compressor 10. The
predetermined value is such a value that a desired heat
exchange amount with the heating medium is obtained in
the high-side heat exchanger 11, and, when the tempera-
ture is reached, the high-side refrigerant can be suffi-
ciently condensed in the high-side heat exchanger 11.
When the temperature of the high-side compressor 10
exceeds 60°C which is the predetermined value (Yes in
ST22), the high-side opening and closing valve 16 is
closed (ST23). When the temperature of the high-side
compressor 10 does not exceed 60°C which is the pre-
determined value (No in ST22), the operation is contin-
ued. Next, itis determined whether the temperature of the
high-side refrigerant discharged from the high-side com-
pressor 10 of the high-side refrigerant circuit 2 is higher
than the temperature of the air as the heating medium
exchanging heat in the high-side heat exchanger 11
(ST24). The temperature of the heating medium is de-
tected by a temperature sensor (not illustrated) provided
at a position where the temperature of the heating med-
ium flowing into the high-side heat exchanger 11 is de-
tected. When the temperature of the high-side refrigerant
discharged from the high-side compressor 10 of the high-
side refrigerant circuit 2 is higher than the temperature of
the air as the heating medium exchanging heat in the
high-side heat exchanger 11 (Yes in ST24), the low-side
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opening and closing valve 26 is closed (ST25).

[0045] In the cascade refrigeration system 51 of this
embodimentis characterized that the high-side compres-
sor 10 is activated and the high-side opening and closing
valve 16 is opened, and the low-side compressor 20 is
activated and the low-side opening and closing valve 26
is opened, the high-side refrigerant at a high temperature
and a high pressure discharged from the high-side com-
pressor 10 circulates through the high-side second cir-
culation path 18, and the low-side refrigerant at a high
temperature and a high pressure discharged from the
low-side compressor 20 circulates through the low-side
second circulation path 28. More specifically, most of the
high-side refrigerants at high temperatures and high
pressures discharged from the high-side compressor
10 circulate to the suction side of the high-side compres-
sor 10 through the high-side bypass path 15 smaller in
flow resistance than the high-side first circulation path 17.
Most of the low-side refrigerants at high temperatures
and high pressures discharged from the low-side com-
pressor 20 circulate to the suction side of the low-side
compressor 20 through the low-side bypass path 25
smaller in flow resistance than the low-side first circula-
tion path 23. This makes it possible to immediately raise
the temperature of the high-side compressor 10 and
suppress a stagnation operation when the outside air
temperature is low. Further, a state where the refrigerant
pressure of the high-side refrigerant is easily raised can
be achieved. Therefore, the high-side refrigerant can
exchange heat with the air which is the heating medium
in the high-side heat exchanger 11, and thus can be
condensed. This enables the high-side refrigerant to
exchange heat with the low-side refrigerant in the cas-
cade heat exchanger 13, which makes it possible to
promptly start the activation of the low-side compressor
20. Further, a rise in the high-pressure side of the low-
side refrigerantin the low-side refrigerant circuit 3 can be
suppressed. Accordingly, even when the high-side re-
frigerant is unable to evaporate in the cascade heat
exchanger 13 of the high-side refrigerant circuit 2, the
operation of the low-side compressor 20 can be contin-
ued. Further, by immediately warming the low-side com-
pressor 20, stagnation when the outside air is low can be
suppressed.

[0046] The description above is given with reference to
the limited number of embodiments, but the scope of the
present invention is not limited to thereto, and modifica-
tions of the embodiment based on the disclosure above
are obvious to those skilled in the art.

Reference Signs List

[0047]

1 cascade refrigeration system
2 high-side refrigerant circuit

3 low-side refrigerant circuit

5 controller
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6 refrigerant pipe

10  high-side compressor

11 high-side heat exchanger

12 high-side expansion valve

13  cascade heat exchanger

14 high-side four-way valve

15 high-side bypass path

16  high-side opening and closing valve
17  high-side first circulation path

18  high-side second circulation path
20 low-side compressor

21  low-side expansion valve

22 heat source-side heat exchanger
23  low-side first circulation path

25 low-side bypass path

26 low-side opening and closing valve
27  low-side four-way valve

28 low-side second circulation path
50 cascade refrigeration system

51  cascade refrigeration system

Claims
1. A cascade refrigeration system comprising:

a high-side refrigerant circuit containing a high-
side compressor, a high-side heat exchanger
configured to exchange heat with a heating
medium, a high-side expansion mechanism,
and a cascade heat exchanger sequentially
connected by a refrigerant pipe and having a
high-side first circulation path through which a
high-side refrigerant circulates;

a low-side refrigerant circuit containing a low-
side compressor, the cascade heat exchanger,
a low-side expansion mechanism, and a heat-
side heat exchanger sequentially connected by
arefrigerant pipe, the low-side refrigerant circuit
through which a low-side refrigerant circulates;
and

a controller configured to control the high-side
refrigerant circuit and the low-side refrigerant
circuit, wherein

the high-side refrigerant and the low-side refrig-
erant exchange heat in the cascade heat ex-
changer, and

the high-side refrigerant circuit includes: a high-
side second circulation path in which a dis-
charge side and a suction side of the high-side
compressor are connected by a high-side by-
pass path and the high-side refrigerant dis-
charged from the high-side compressor circu-
lates to the suction side of the high-side com-
pressor through the high-side bypass path; and
a high-side switching device configured to
switch a circulation path such that the high-side
refrigerant discharged from the high-side com-
pressor circulates through the high-side first
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circulation path or the high-side second circula-
tion path.

2. The cascade refrigeration system according to claim

1, wherein

the controller is configured to, in activating the
cascade refrigeration system, activate the high-
side compressor and control the high-side
switching device such that the high-side refrig-
erant circulates through the high-side second
circulation path,

when a discharge medium temperature of the
high-side refrigerant exceeds a predetermined
value, to switch the high-side switching device to
the high-side first circulation path to circulate the
high-side refrigerant through the high-side first
circulation path, and

when the discharge medium temperature of the
high-side refrigerant exceeds a temperature of
the heating medium, to activate the low-side
compressor.

3. A cascade refrigeration system comprising:

a high-side refrigerant circuit containing a high-
side compressor, a high-side heat exchanger
configured to exchange heat with a heating
medium, a high-side expansion mechanism,
and a cascade heat exchanger sequentially
connected by a refrigerant pipe, the high-side
refrigerant circuit through which a high-side re-
frigerant circulates;

a low-side refrigerant circuit containing a low-
side compressor, the cascade heat exchanger,
a low-side expansion mechanism, and a heat
source-side heat exchanger sequentially con-
nected by a refrigerant pipe and having a low-
side first circulation path through which a low-
side refrigerant circulates; and

a controller configured to control the high-side
refrigerant circuit and the low-side refrigerant
circuit, wherein

the high-side refrigerant and the low-side refrig-
erant exchange heat in the cascade heat ex-
changer, and

the low-side refrigerant circuit includes: a low-
side second circulation path in which a dis-
charge side and a suction side of the low-side
compressor are connected by a low-side bypass
path and the low-side refrigerant discharged
from the low-side compressor circulates to the
suction side of the low-side compressor through
the low-side bypass path; and a low-side switch-
ing device configured to switch a circulation path
such that the low-side refrigerant discharged
from the low-side compressor circulates through
the low-side first circulation path or the low-side
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10

second circulation path.

The cascade refrigeration system according to claim
3, wherein the controller is configured to, in activating
the cascade refrigeration system, activate the high-
side compressor and the low-side compressor and
control the low-side switching device such that the
low-side refrigerant circulates through the low-side
second circulation path.

The cascade refrigeration system according to claim
4, wherein the controller is configured to, when a
discharge medium temperature of the high-side re-
frigerant exceeds a temperature of the heating med-
ium, switch the low-side switching device to the low-
side first circulation path to circulate the low-side
refrigerant through the low-side first circulation path.

A cascade refrigeration system comprising:

a high-side refrigerant circuit containing a high-
side compressor, a high-side heat exchanger
configured to exchange heat with a heating
medium, a high-side expansion mechanism,
and a cascade heat exchanger sequentially
connected by a refrigerant pipe and having a
high-side first circulation path through which a
high-side refrigerant circulates;

a low-side refrigerant circuit containing a low-
side compressor, the cascade heat exchanger,
a low-side expansion mechanism, and a heat
source-side heat exchanger sequentially con-
nected by a refrigerant pipe and having a low-
side first circulation path through which a low-
side refrigerant circulates; and

a controller configured to control the high-side
refrigerant circuit and the low-side refrigerant
circuit, wherein

the high-side refrigerant and the low-side refrig-
erant exchange heat in the cascade heat ex-
changer,

the high-side refrigerant circuit includes: a high-
side second circulation path in which a dis-
charge side and a suction side of the high-side
compressor are connected by a high-side by-
pass path and the high-side refrigerant dis-
charged from the high-side compressor circu-
lates to the suction side of the high-side com-
pressor through the high-side bypass path; and
a high-side switching device configured to
switch a circulation path such that the high-side
refrigerant discharged from the high-side com-
pressor circulates through the high-side first
circulation path or the high-side second circula-
tion path, and

the low-side refrigerant circuit includes: a low-
side second circulation path in which a dis-
charge side and a suction side of the low-side
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compressor are connected by alow-side bypass
path and the low-side refrigerant discharged
from the low-side compressor circulates to the
suction side of the low-side compressor through
the low-side bypass path; and a low-side switch- 5
ing device configured to switch a circulation path
such that the low-side refrigerant discharged
from the low-side compressor circulates through
the low-side first circulation path or the low-side
second circulation path. 10

7. The cascade refrigeration system according to claim
6, wherein

the controller is configured to, in activating the 15
cascade refrigeration system, activate the high-
side compressor and the low-side compressor,

to control the high-side switching device such
that the high-side refrigerant circulates through

the high-side second circulation path, and 20
to control the low-side switching device such
that the low-side refrigerant circulates through

the low-side second circulation path.

8. The cascade refrigeration system according to claim 25
7, wherein

the controller is configured to, when a discharge
medium temperature of the high-side refrigerant
exceeds apredetermined value, switchthe high- 30
side switching device to the high-side first cir-
culation path to circulate the high-side refriger-

ant through the high-side first circulation path,

and

when the discharge medium temperature of the 35
high-side refrigerant exceeds a temperature of

the heating medium, to switch the low-side
switching device to the low-side first circulation
path to circulate the low-side refrigerant through

the low-side first circulation path. 40
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