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(54) REFRIGERANT CIRCUIT SYSTEM AND CONTROL METHOD

(57) There is provided a refrigerant circuit system (1)
capable of being effectively operated even if there is a
change in a utilization-side inlet temperature of a heat
pump or the like. The refrigerant circuit system (1) in-
cludes a compressor (10), a utilization-side heat ex-
changer (11), a receiver (14), a first expansion valve (12)
configured to depressurize a refrigerant introduced from
the utilization-side heat exchanger (11), a receiver, a sec-
ond expansion valve (15) configured to depressurize the

refrigerant flowing out from the receiver, a heat
source-side heat exchanger (17), a first bypass circuit
(13) configured to bypass the flow of the refrigerant pass-
ing through the first expansion valve (12), a second by-
pass circuit (16) configured to bypass the flow of the re-
frigerant passing through the second expansion valve
(15), and a control device (100) configured to control
opening and closing of the first bypass circuit (13) and
opening and closing of the second bypass circuit (16).
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] Priority is claimed on Japanese Patent Applica-
tion No. 2016-197358, filed October 5, 2016, the content
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a refrigerant
circuit system and a control method.

Description of Related Art

[0003] A water heater using a heat pump has a once-
through system which supplies hot water obtained by
heating low temperature feed water to a target temper-
ature and a circulation system which heats circulated
feed water to a target temperature and then supplies the
heated water. In the once-through system, the feed water
having an arbitrary temperature (for example, 5°C) var-
ying according to an external air temperature or the like
is heated to a set temperature (for example, 80°C). Mean-
while, in the circulation system, warm water having a pre-
determined temperature (for example, 75°C) is heated
to the set temperature (for example, 80°C). The following
refrigerant circuit provided in the water heater corre-
sponding to both of the once-through system and the
circulation system can be considered. That is, the refrig-
erant circuit includes a condenser, a receiver, an evap-
orator, a compressor and the like which increases the
temperature of the feed water and further includes ex-
pansion valves which are located on a downstream side
of the condenser and an upstream side of the evaporator
with the receiver interposed therebetween. In this refrig-
erant circuit, since there is a change (for example, 5°C
and 75°C) in a utilization-side inlet temperature of the
condenser, it is necessary to use a heat exchanger hav-
ing a capacity capable of responding to the change in
the utilization-side inlet temperature in the condenser.
[0004] Further, Patent Document 1 discloses a refrig-
eration cycle apparatus which is capable of switching be-
tween a two-stage compression operation and a single-
stage compression operation according to a load.

[Citation List]

[Patent Documents]

[0005] [Patent Document 1] Japanese Unexamined
Patent Application, First Publication No. 2007-10282
[0006] However, when the utilization-side inlet temper-
ature is low (for example, 5°C), a pressure difference
between a front and a rear of the expansion valve on the
downstream side of the condenser is increased. In this

case, since the pressure difference is large, the flow rate
of a refrigerant can be secured by a small-diameter ex-
pansion valve. Meanwhile, when the utilization-side inlet
temperature is high (for example, 75°C), the pressure
difference between the front and the rear of the expansion
valve on the downstream side of the condenser is re-
duced. Therefore, a large-diameter expansion valve is
required to secure the required flow rate of the refrigerant.
In order to respond to a magnitude of the pressure dif-
ference, for example, it is conceivable that a large-diam-
eter flow rate control valve may be used in the expansion
valve on the downstream side of the condenser, but when
the pressure difference is large, a flow rate adjustment
at a low opening degree is required. However, there is a
problem that the control of the large-diameter flow rate
control valve in a low opening degree range has a large
amount of change per pulse and thus stable control is
difficult. In addition, there is also a problem that cost is
increased when the large-diameter flow rate control valve
is used.

SUMMARY OF THE INVENTION

[0007] Accordingly, it is an object of the present inven-
tion to provide a refrigerant circuit system and a control
method which are capable of solving the above-de-
scribed problems.
[0008] A first aspect of the present invention is a re-
frigerant circuit system including one or a plurality of com-
pressors configured to compress a refrigerant, a utiliza-
tion-side heat exchanger configured to condense the re-
frigerant compressed by the compressor, a first expan-
sion valve configured to depressurize the refrigerant in-
troduced from the utilization-side heat exchanger, a re-
ceiver configured to store some of the refrigerant depres-
surized by the first expansion valve, a second expansion
valve configured to depressurize the refrigerant flowing
out from the receiver, a heat source-side heat exchanger
configured to evaporate the refrigerant depressurized by
the second expansion valve, a first bypass circuit config-
ured to bypass the flow of the refrigerant passing through
the first expansion valve, and a control device configured
to control opening and closing of the first bypass circuit.
[0009] A second aspect of the present invention is a
refrigerant circuit system including one or a plurality of
compressors configured to compress a refrigerant, a uti-
lization-side heat exchanger configured to condense the
refrigerant compressed by the compressor, a first expan-
sion valve configured to depressurize the refrigerant in-
troduced from the utilization-side heat exchanger, a re-
ceiver configured to store some of the refrigerant depres-
surized by the first expansion valve, a second expansion
valve configured to depressurize the refrigerant flowing
out from the receiver, a heat source-side heat exchanger
configured to evaporate the refrigerant depressurized by
the second expansion valve, a second bypass circuit con-
figured to bypass the flow of the refrigerant passing
through the second expansion valve, and a control device
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configured to control opening and closing of the second
bypass circuit.
[0010] A third aspect of the present invention is a re-
frigerant circuit system including one or a plurality of com-
pressors configured to compress a refrigerant, a utiliza-
tion-side heat exchanger configured to condense the re-
frigerant compressed by the compressor, a first expan-
sion valve configured to depressurize the refrigerant in-
troduced from the utilization-side heat exchanger, a re-
ceiver configured to store some of the refrigerant depres-
surized by the first expansion valve, a second expansion
valve configured to depressurize the refrigerant flowing
out from the receiver, a heat source-side heat exchanger
configured to evaporate the refrigerant depressurized by
the second expansion valve, a first bypass circuit config-
ured to bypass the flow of the refrigerant passing through
the first expansion valve, a second bypass circuit config-
ured to bypass the flow of the refrigerant passing through
the second expansion valve, and a control device con-
figured to control opening and closing of the first bypass
circuit and opening and closing of the second bypass
circuit.
[0011] The control device in a fourth aspect of the
present invention may control the opening and closing
of the first bypass circuit on the basis of an outlet side
temperature of the utilization-side heat exchanger or an
outlet side supercooling degree of the utilization-side
heat exchanger and an opening degree of the first ex-
pansion valve.
[0012] The control device in a fifth aspect of the present
invention may control the opening and closing of the sec-
ond bypass circuit on the basis of the outlet side super-
heat degree of the heat source-side heat exchanger or
a suction side superheat degree of the compressor and
an opening degree of the second expansion valve.
[0013] A sixth aspect of the present invention is a re-
frigerant circuit system described in one of the above
aspects wherein the compressors include a high stage-
side compressor and a low stage-side compressor, and
which further includes an injection circuit configured to
supply the refrigerant flowing out from the receiver to a
high stage-side compressor, a third expansion valve pro-
vided at a middle portion of the injection circuit, and a
third bypass circuit configured to bypass the flow of the
refrigerant passing through the injection circuit in the re-
frigerant circuit system, and wherein the control device
also controls the opening and closing of the third bypass
circuit.
[0014] A seventh aspect of the present invention is a
control method in a refrigerant circuit system which in-
cludes one or a plurality of compressors configured to
compress a refrigerant, a utilization-side heat exchanger
configured to condense the refrigerant compressed by
the compressor, a first expansion valve configured to de-
pressurize the refrigerant introduced from the utilization-
side heat exchanger, a receiver configured to store some
of the refrigerant depressurized by the first expansion
valve, a second expansion valve configured to depres-

surize the refrigerant flowing out from the receiver, a heat
source-side heat exchanger configured to evaporate the
refrigerant depressurized by the second expansion
valve, and a first bypass circuit configured to bypass the
flow of the refrigerant passing through the first expansion
valve, wherein opening and closing of the first bypass
circuit is controlled on the basis of the outlet side tem-
perature of the utilization-side heat exchanger or an out-
let side supercooling degree of the utilization-side heat
exchanger and an opening degree of the first expansion
valve.
[0015] An eighth aspect of the present invention is a
control method in a refrigerant circuit system which in-
cludes one or a plurality of compressors configured to
compress a refrigerant, a utilization-side heat exchanger
configured to condense the refrigerant compressed by
the compressor, a first expansion valve configured to de-
pressurize the refrigerant introduced from the utilization-
side heat exchanger, a receiver configured to store some
of the refrigerant depressurized by the first expansion
valve, a second expansion valve configured to depres-
surize the refrigerant flowing out from the receiver, a heat
source-side heat exchanger configured to evaporate the
refrigerant depressurized by the second expansion
valve, and a second bypass circuit configured to bypass
the flow of the refrigerant passing through the second
expansion valve, wherein opening and closing of the sec-
ond bypass circuit is controlled on the basis of the outlet
side superheat degree of the heat source-side heat ex-
changer or the suction side superheat degree of the com-
pressor and the opening degree of the second expansion
valve.
[0016] According to the present invention, an efficient
operation can be allowed using a flow rate control valve
having a predetermined diameter in the expansion valve
even if the utilization-side inlet temperature is changed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 is a first diagram showing an example of a
refrigerant circuit system in a first embodiment of the
present invention.
FIG. 2 is a P-h diagram of the refrigerant circuit sys-
tem in the first embodiment of the present invention.
FIG. 3 is a flowchart of a control device in the first
embodiment of the present invention.
FIG. 4 is a second diagram showing an example of
the refrigerant circuit system in the first embodiment
of the present invention.
FIG. 5 is a third diagram showing an example of the
refrigerant circuit system in the first embodiment of
the present invention.
FIG. 6 is a view showing an example of a refrigerant
circuit system in a second embodiment of the present
invention.
FIG. 7 is a P-h diagram of the refrigerant circuit sys-
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tem in the second embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

<First embodiment>

[0018] Hereinafter, a refrigerant circuit system accord-
ing to a first embodiment of the present invention will be
described with reference to FIGS. 1 to 5.
[0019] FIG. 1 is a first diagram showing an example of
a refrigerant circuit system in a first embodiment of the
present invention.
[0020] A refrigerant circuit system 1 is a refrigerant cir-
cuit used for a water heater. The refrigerant circuit system
1 heats feed water supplied from an outside to a prede-
termined temperature (for example, 80°C) and supplies
the hot water to a user. The embodiment provides the
refrigerant circuit system 1 which is capable of efficiently
supplying the hot water when the temperature of the feed
water supplied from the outside is changed (for example,
5°C and 75°C).
[0021] As shown in FIG. 1, the refrigerant circuit sys-
tem 1 includes a compressor 10, a utilization-side heat
exchanger (condenser) 11, a first expansion valve 12, a
first bypass circuit 13, a receiver 14, a second expansion
valve 15, a second bypass circuit 16, a heat source-side
heat exchanger (evaporator) 17, an accumulator 18, a
pipe 19 which connects the above-described elements,
and a control device 100. A first two-way valve 13A and
a first capillary tube 13B are provided in first bypass circuit
13. A second two-way valve 16A and a second capillary
tube 16B are provided in the second bypass circuit 16.
[0022] Further, the specific constitution of the refriger-
ant circuit system 1 shown in FIG. 1 schematically shows
a basic constitution of the refrigerant circuit system 1 and
may further include other elements.
[0023] The compressor 10 compresses a refrigerant
and discharges a high-pressure refrigerant. The high-
pressure refrigerant is supplied to the utilization-side heat
exchanger 11. The utilization-side heat exchanger 11
serves as a condenser. The high-pressure refrigerant
supplied to the utilization-side heat exchanger 11 ex-
changes heat with the feed water used by the user, ra-
diates heat and is condensed and liquefied. Meanwhile,
the feed water supplied to the utilization-side heat ex-
changer 11 absorbs heat from the high-pressure refrig-
erant, is heated to a predetermined set temperature (uti-
lization-side outlet temperature) and is provided to the
user. Further, in the drawing, a dotted arrow indicates
the flow direction of the feed water, and a solid arrow
indicates the flow direction of the refrigerant.
[0024] The high-pressure refrigerant after the heat ex-
change is depressurized and expanded in the first ex-
pansion valve 12 and is supplied to the receiver 14. The
receiver 14 is a pressure container which temporarily
stores some of the supplied refrigerant. In the receiver
14, a two-phase refrigerant in which a gas and a liquid

are mixed is present. The refrigerant flowing out from the
receiver 14 is further depressurized and expanded in the
second expansion valve 15 and becomes a low-pressure
refrigerant. The low-pressure refrigerant is supplied to
the heat source-side heat exchanger 17. The heat
source-side heat exchanger 17 serves as an evaporator.
The low-pressure refrigerant supplied to the heat source-
side heat exchanger 17 absorbs heat from a heat source
such as external air so that a temperature thereof is in-
creased, and thus the low pressure refrigerant is evap-
orated. The low-pressure refrigerant is supplied to the
accumulator 18. The low-pressure refrigerant is separat-
ed into gas and liquid by the accumulator 18, and only
the gas refrigerant is suctioned into the compressor 10.
The refrigerant is again made into a high pressure refrig-
erant by the compressor 10 and circulates through the
above-described route.
[0025] Here, the first expansion valve 12 and the sec-
ond expansion valve 15 are flow rate control valves, and
an opening degree thereof is adjusted by the control de-
vice 100. For example, the opening degree of the first
expansion valve 12 is controlled with the goal of an outlet
side temperature of the utilization-side heat exchanger
11 becoming higher than a utilization-side inlet temper-
ature by a predetermined temperature (for example,
2°C). The utilization-side inlet temperature is the temper-
ature of the feed water flowing into the utilization-side
heat exchanger 11. In the embodiment, the temperature
of the feed water is, for example, 5 °C or 75°C (5°C in
the case of a once-through system and 75°C in the case
of a circulation system). For example, if the outlet side
temperature of the utilization-side heat exchanger 11 is
higher than a target temperature (for example, the target
temperature is 77°C) when the utilization-side inlet tem-
perature is 75°C, the control device 100 increases the
opening degree of the first expansion valve 12 and per-
forms control so that the outlet side temperature be-
comes the target temperature. Here, the first bypass cir-
cuit 13 is a circuit which bypasses the flow of the refrig-
erant passing through the first expansion valve 12. When
the pressure difference between the front and the rear
of the first expansion valve 12 is small, an amount of the
refrigerant flowing through the refrigerant circuit may be
reduced, and thus the control device 100 opens the first
bypass circuit 13 and secures the flow rate of the refrig-
erant. Specifically, the control device 100 performs the
control to open the first two-way valve 13A. When the
first two-way valve 13A is controlled to be in an open
state, the refrigerant flowing out from the utilization-side
heat exchanger 11 passes through the first expansion
valve 12 and the first bypass circuit 13 and is supplied
to the receiver 14. Further, for example, when the first
expansion valve 12 is fully opened and the first two-way
valve 13A is controlled to be in the open state, the first
capillary tube 13B is provided to adjust resistance such
that the refrigerant does not flow into only the first bypass
circuit 13 side.
[0026] Further, for example, the opening degree of the
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second expansion valve 15 is controlled with the goal of
the outlet side temperature of the heat source-side heat
exchanger 17 becoming a predetermined superheat de-
gree (for example, 3K). For example, when the superheat
degree on an outlet side of the heat source-side heat
exchanger 17 is 10K, the control device 100 performs
control to increase the opening degree of the second
expansion valve 15. Here, the second bypass circuit 16
is a circuit which bypasses the flow of the refrigerant
passing through the second expansion valve 15. When
the pressure difference between the front and the rear
of the second expansion valve 15 is small, the amount
of the refrigerant flowing through the refrigerant circuit
may be reduced, and thus the control device 100 opens
the second bypass circuit 16 and secures the flow rate
of the refrigerant flowing through the refrigerant circuit.
Specifically, the control device 100 performs control so
that the second two-way valve 16A is in the open state.
In this case, the refrigerant flowing out from the receiver
14 passes through both the second expansion valve 15
and the second bypass circuit 16 and is supplied to the
heat source-side heat exchanger 17. Further, for exam-
ple, when the second expansion valve 15 is fully opened
and the second two-way valve 16A is controlled to be in
the open state, the second capillary tube 16B is provided
to adjust the resistance such that the refrigerant does not
flow into only the second bypass circuit 16 side.
[0027] Further, a temperature sensor 31 is provided
on an outlet side of the utilization-side heat exchanger
11, and a temperature sensor 32 and a pressure sensor
33 are provided on the outlet side of the heat source-side
heat exchanger 17. The control device 100 obtains the
outlet side temperature of the utilization-side heat ex-
changer 11 which is measured by the temperature sensor
31, the outlet side temperature of the heat source-side
heat exchanger 17 which is measured by the temperature
sensor 32 and an outlet side pressure of the heat source-
side heat exchanger 17 which is measured by the pres-
sure sensor 33. Further, the control device 100 controls
the valve opening degrees of the first expansion valve
12 and the second expansion valve 15. In addition, the
control device 100 controls opening and closing of the
first two-way valve 13A on the basis of the valve opening
degree of the first expansion valve 12 and the tempera-
ture measured by the temperature sensor 31. Also, the
control device 100 controls the opening and closing of
the second two-way valve 16A on the basis of the valve
opening degree of the second expansion valve 15, the
temperature measured by the temperature sensor 32 and
the pressure measured by the pressure sensor 33. Fur-
ther, the control device 100 is a computer device such
as a microcomputer.
[0028] When both of the utilization-side outlet temper-
ature and the utilization-side inlet temperature are con-
stant, it is possible to design each of the first expansion
valve 12 and the second expansion valve 15 having a
capacity according to the operation. However, when the
utilization-side outlet temperature is constant (for exam-

ple, 80°C.) and the utilization-side inlet temperature var-
ies (5°C and 75°C) as in the embodiment, a change oc-
curs also in a pressure range (control region) which is
controlled by the first expansion valve 12 and the second
expansion valve 15. Next, a variation of the pressure
range which is controlled by the first expansion valve 12
and the second expansion valve 15 will be described with
reference to FIG. 2.
[0029] FIG. 2 is a P-h diagram of the refrigerant circuit
system in the first embodiment of the present invention.
[0030] FIG. 2 is a relationship diagram of the pressure
and the enthalpy which indicates a refrigeration cycle of
the refrigerant circuit system 1 according to the embod-
iment. In FIG. 2, each symbol indicates the following
state. That is, A1 indicates the state of the high temper-
ature and high pressure refrigerant discharged from the
compressor 10, A2 indicates the state of the refrigerant
on the outlet side of the utilization-side heat exchanger
11 when the utilization-side inlet temperature is high (for
example, 75°C), A3 indicates the state of the refrigerant
on the outlet side of the first expansion valve 12 when
the utilization-side inlet temperature is high, A4 indicates
the state of the refrigerant on the outlet side of the second
expansion valve 15 when the utilization-side inlet tem-
perature is high, A5 indicates the state of the refrigerant
on the outlet side of the utilization-side heat exchanger
11 when the utilization-side inlet temperature is low (for
example, 5°C), A6 indicates the state of the refrigerant
on the outlet side of the first expansion valve 12 when
the utilization-side inlet temperature is low, A7 indicates
the state of the refrigerant on the outlet side of the second
expansion valve 15 when the utilization-side inlet tem-
perature is low, and A8 indicates the state of the refrig-
erant on the outlet side of the heat source-side heat ex-
changer 17.
[0031] The change in the control region of the first ex-
pansion valve 12 and the second expansion valve 15
corresponding to a change in the utilization-side inlet
temperature are as follows.

(When utilization-side inlet temperature is high)

[0032] The high temperature and high pressure refrig-
erant (state A1) discharged from the compressor 10
slightly radiates heat to the feed water in the utilization-
side heat exchanger 11, is condensed and liquefied and
becomes a high pressure liquid refrigerant (state A2).
Then, the refrigerant (state A3) having passed through
the first expansion valve 12 and slightly depressurized
(PH2) reaches the second expansion valve 15 via the
receiver 14. Additionally, the refrigerant is further depres-
surized (PL2) by the second expansion valve 15 (state
A4), flows into the heat source-side heat exchanger 17,
absorbs heat from the external air to be evaporated and
becomes a low pressure gas refrigerant (state A8). The
low pressure gas refrigerant flows into the accumulator
18, only the gas refrigerant is suctioned into the com-
pressor 10, and the same cycle is repeated again.
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[0033] In the refrigeration cycle, the pressure differ-
ence between the front and the rear of the first expansion
valve 12 is a low differential pressure (PH2). On the other
hand, the pressure difference between the front and the
rear of the second expansion valve 15 is a high differential
pressure (PL2). That is, the control region due to the sec-
ond expansion valve 15 has the high differential pres-
sure, and the control region due to the first expansion
valve 12 has a low differential pressure.

(When utilization-side inlet temperature is low)

[0034] The high temperature and high pressure refrig-
erant (state A1) discharged from the compressor 10 ra-
diates a large amount of heat to the feed water in the
utilization-side heat exchanger 11, is condensed and liq-
uefied and becomes a high pressure liquid refrigerant
(state A5). Then, the refrigerant (state A6) greatly de-
pressurized (PH1) by passing through the first expansion
valve 12 reaches the second expansion valve 15 via the
receiver 14. Additionally, the refrigerant is slightly depres-
surized (PL1) (state A7) by the second expansion valve
15 and flows into the heat source-side heat exchanger
17. Next, the refrigerant is evaporated by the heat source-
side heat exchanger 17 and becomes a low pressure gas
refrigerant (state A8). The low pressure gas refrigerant
flows into the accumulator 18, only the gas refrigerant is
suctioned into the compressor 10, and the same cycle is
repeated again.
[0035] In the refrigeration cycle, the pressure differ-
ence between the front and the rear of the first expansion
valve 12 is a high differential pressure (PH1). On the
other hand, the pressure difference between the front
and the rear of the second expansion valve 15 is a low
differential pressure (PL1). That is, the control region due
to the first expansion valve 12 has a high differential pres-
sure, and the control region due to the second expansion
valve 15 has a low differential pressure.
[0036] As described above, the pressure difference
which should be controlled by the first expansion valve
12 is largely different between the case (PH2) in which
the utilization-side inlet temperature is high and the case
(PH1) in which the utilization-side inlet temperature is
low. Similarly, the pressure difference which should be
controlled by the second expansion valve 15 is largely
different between the case (PL2) in which the utilization-
side inlet temperature is high and the case (PL1) in which
the utilization-side inlet temperature is low.
[0037] If it is matched with the operation in the case in
which the utilization-side inlet temperature is low (the
control region has the high differential pressure), the flow
rate of the refrigerant can be secured even if the flow rate
control valve having a small diameter is used in the first
expansion valve 12. However, when considering the op-
eration in the case in which the utilization-side inlet tem-
perature is high (the control range has the low differential
pressure), the flow rate of the refrigerant cannot be se-
cured unless the flow rate control valve having a relatively

large diameter is used in the first expansion valve 12.
[0038] Similarly, in the second expansion valve 15, if
it is matched with the operation in the case in which the
utilization-side inlet temperature is high (the control re-
gion has the high differential pressure), the flow rate of
the refrigerant can be secured even if the flow rate control
valve having the small diameter is used in the second
expansion valve 15. However, when the utilization-side
inlet temperature is low (the control range has the low
differential pressure), the flow rate of the refrigerant can-
not be secured unless the flow rate control valve having
the relatively large diameter should be used in the second
expansion valve 15. When the flow rate of the refrigerant
cannot be secured, a problem that the superheat degree
of the refrigerant due to the evaporator is increased and
the coefficient of performance (COP) is lowered occurs.
[0039] In order to secure the flow rate of the refrigerant,
the problem may be solved by using the flow rate control
valve having the large diameter as both of the first ex-
pansion valve 12 and the second expansion valve 15.
However, in the case of the flow rate control valve having
the large diameter, there is a problem that the flow rate
change per pulse at low opening is large and fine control
is difficult. Further, when the flow rate control valve having
the large diameter is used, there is also a problem that
cost is increased. Therefore, in the embodiment, the di-
ameter of the flow rate control valve used in the first ex-
pansion valve 12 and the second expansion valve 15 is
selected assuming the case of a normal differential pres-
sure, and the bypass circuit (the first bypass circuit 13,
the second bypass circuit 16) having a throttle function
which can be opened and closed is provided in parallel
with the first expansion valve 12 and the second expan-
sion valve 15. Additionally, when the front and the rear
of the flow rate control valve have the low differential
pressure according to operating conditions, the flow rate
of the refrigerant is secured by opening the bypass circuit
and flowing the refrigerant to both of the flow rate control
valve and the bypass circuit. That is, the necessary flow
rate of the refrigerant is secured by reducing the flow rate
of the refrigerant flowing through the flow rate control
valve side and flowing the remaining refrigerant to the
bypass circuit side. Meanwhile, when the front and the
rear of the flow rate control valve has the high differential
pressure, the bypass circuit is closed so that the refrig-
erant flows through only the flow rate control valve, and
thus the fine flow rate control is performed by the flow
rate control valve.
[0040] Specifically, in a state transition of the refriger-
ant shown in FIG. 2, when the utilization-side inlet tem-
perature is high, the control device 100 determines
whether the flow rate of the refrigerant is insufficient and
performs control to open the first bypass circuit 13 (the
first two-way valve 13A) when the flow rate of the refrig-
erant is insufficient. Also, when the utilization-side inlet
temperature is low, the control device 100 performs con-
trol to open the second bypass circuit 16 (the second
two-way valve 16A) if the refrigerant flow rate is insuffi-
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cient.
[0041] Next, the opening and closing control of the first
bypass circuit 13 and the second bypass circuit 16 by
the control device 100 will be described in detail using
the constitution of FIG. 1 as an example.
[0042] FIG. 3 is a flowchart of the control device in the
first embodiment of the present invention.
[0043] As a premise, the control device 100 acquires
information on the temperature measured by the temper-
ature sensor 31 and the temperature sensor 32 at pre-
determined time intervals and records the acquired in-
formation on the temperature in a built-in memory part
(not shown). Further, the control device 100 acquires in-
formation on the pressure measured by the pressure sen-
sor 33 at predetermined time intervals and records the
acquired information on the pressure in the memory part.
Furthermore, the control device 100 controls the number
of rotations (frequency) of the compressor 10 and the
opening degree of each of the first expansion valve 12
and the second expansion valve 15, and these values
during the operation are recorded in the memory part.
Hereinafter, the case in which the opening and closing
of the first expansion valve 12 is controlled on the basis
of the valve opening degree of the first expansion valve
12 and the outlet side temperature of the utilization-side
heat exchanger 11 which is measured by the temperature
sensor 31 will be described as an example.
[0044] First, the control device 100 reads the valve
opening degree of the first expansion valve 12 from the
memory part. Next, the control device 100 determines
whether the read valve opening degree is within a pre-
determined range (Step S11). The predetermined range
is, for example, 20% to 80%. When the valve opening
degree is within the predetermined range (Step S11;
Yes), the control device 100 continues the normal oper-
ation (Step S17). When the normal operation is contin-
ued, the control device 100 continues the adjustment of
the valve opening degree so that the outlet side temper-
ature of the utilization-side heat exchanger 11 is higher
than the utilization-side inlet temperature by a predeter-
mined temperature (for example, 2°C). Further, regard-
ing the control of the valve opening degree of the first
expansion valve 12, a pressure sensor is provided on
the outlet side of the utilization-side heat exchanger 11,
and the control device 100 may find a saturation temper-
ature at the pressure indicated by a measurement result
of the pressure sensor and may control the valve opening
degree so that a supercooling degree which is a value
obtained by subtracting the temperature measured by
the temperature sensor 31 from the saturation tempera-
ture becomes a predetermined target value.
[0045] Further, when the valve opening degree is not
within the predetermined range (Step S11; No), the con-
trol device 100 determines whether the valve opening
degree of the first expansion valve 12 is less than a lower
limit (Step S12). The lower limit of the valve opening de-
gree is, for example, 20%. When the valve opening de-
gree is less than the lower limit (Step S12; Yes), the con-

trol device 100 determines whether a control value (the
outlet side temperature or the outlet side supercooling
degree of the utilization-side heat exchanger 11) has
reached the target value (Step S13). When the target
value has been achieved (Step S13: Yes), the control
device 100 continues the normal operation (Step S17).
When the target value has not been achieved (Step S13;
No), the control device 100 controls the first bypass circuit
13 to be closed (Step S14) because it is considered that
the flow rate of the refrigerant is excessive and thus the
target value cannot be achieved. Specifically, the control
device 100 closes the first two-way valve 13A. The control
device 100 controls the first bypass circuit 13 to be closed
and then continues normal operation (Step S17).
[0046] On the other hand, when the valve opening de-
gree of the first expansion valve 12 is not less than the
lower limit (Step S12; No), that is, when the valve opening
degree of the first expansion valve 12 is higher than an
upper limit (80%), the control device 100 determines
whether the control value (the outlet side temperature or
the outlet side supercooling degree of the utilization-side
heat exchanger 11) has reached the target value (Step
S15). When the target value has been achieved (Step
S15; Yes), the control device 100 continues the normal
operation (Step S17). When the target value has not been
achieved (Step S15; No), the control device 100 controls
the first bypass circuit 13 to be opened (Step S16) be-
cause it is considered that the target value cannot be
achieved due to an insufficient flow rate of the refrigerant
despite the valve opening degree of the first expansion
valve 12 being sufficient. Specifically, the control device
100 opens the first two-way valve 13A. The control device
100 opens the first bypass circuit 13 and then continues
the normal operation (Step S17).
[0047] Next, the control device 100 determines wheth-
er the operation is to be continued (Step S18). For ex-
ample, when an instruction to stop the operation is input,
the control device 100 determines to stop the operation.
Further, when an operation instruction is input, the control
device 100 determines to continue the operation. When
it is determined that the operation is to be continued (Step
S18; Yes), the processing from Step S11 is repeated.
When it is determined that the operation is to be stopped
(Step S18; No), the processing flow ends.
[0048] Next, the opening and closing control of the sec-
ond two-way valve 16A will be described. First, in the
determination of Step S13 and Step S15, the control de-
vice 100 compares the outlet side superheat degree of
the heat source-side heat exchanger 17 or the suction
side superheat degree of the compressor 10 with the
target values thereof and determines whether the target
value is achieved or not yet achieved. For example, in
the case of the superheat degree on the outlet side of
the heat source-side heat exchanger 17, the control de-
vice 100 finds a saturation temperature at the pressure
measured by the pressure sensor 33 and calculates the
superheat degree by subtracting the saturation temper-
ature from the temperature measured by the temperature

11 12 



EP 3 306 230 A1

8

5

10

15

20

25

30

35

40

45

50

55

sensor 32. Further, in the memory part of the control de-
vice 100, a conversion table of the pressure and the sat-
uration temperature is recorded, and the control device
100 calculates the saturation temperature from the pres-
sure measured by the pressure sensor 33 and the con-
version table.
[0049] In addition, regarding the control of the bypass
circuit in the Step S14 and the Step S16, the control de-
vice 100 opens the second bypass circuit 16 by opening
the second two-way valve 16A. Further, the control de-
vice 100 closes the second bypass circuit 16 by closing
the second two-way valve 16A. Also, in the operation of
Step S17, the control device 100 controls the opening
degree of the second expansion valve 15 so that the out-
let side superheat degree of the heat source-side heat
exchanger 17 or the suction side superheat degree of
the compressor 10 becomes the target value thereof.
[0050] According to the embodiment, even if the pres-
sure difference in the first expansion valve 12 and the
second expansion valve 15 is the low differential pres-
sure, the flow rate of the refrigerant is ensured, and thus
COP reduction in the refrigerant circuit system 1 and an
increase in cost due to use of the large-diameter flow
rate control valve can be prevented. For example, when
the utilization-side inlet temperature is low (e.g., 5°C), an
excessive increase in the outlet side superheat degree
of the heat source-side heat exchanger (evaporator) 17
which causes a low COP can be prevented by opening
the second bypass circuit.

<Another embodiment 1>

[0051] FIG. 4 is a second diagram showing an example
of the refrigerant circuit system in the first embodiment
of the present invention.
[0052] As shown in FIG. 4, the second bypass circuit
16 may not be provided in the refrigerant circuit system
1 of FIG. 1, and only the first bypass circuit 13 may be
provided. For example, when the operation can be per-
formed while the utilization-side inlet temperature is rel-
atively high and the pressure difference on the side of
the second expansion valve 15 is maintained in a high
differential pressure state, a refrigerant circuit system 1A
as shown in FIG. 4 can be used in the water heater. In
the case of the refrigerant circuit system 1A, the control
device 100 performs only the opening and closing control
of the first two-way valve 13A according to the control
method of the flowchart described in FIG. 3. By opening
the first two-way valve 13A (opening the first bypass cir-
cuit 13), the flow rate of the refrigerant can be ensured
and the refrigerant circuit system 1A can be efficiently
operated even if the first expansion valve 12 side has the
low differential pressure.

<Another embodiment 2>

[0053] FIG. 5 is a third diagram showing an example
of the refrigerant circuit system in the first embodiment

of the present invention.
[0054] As shown in FIG. 5, the first bypass circuit 13
may not be provided in the refrigerant circuit system 1 of
FIG. 1, and only the second bypass circuit 16 may be
provided. For example, when the operation can be per-
formed while the utilization-side inlet temperature is rel-
atively low and the pressure difference on the side of the
first expansion valve 12 is maintained in a high differential
pressure state, a refrigerant circuit system 1B as shown
in FIG. 5 can be used in the water heater. In the case of
the refrigerant circuit system 1B, the control device 100
performs only the opening and closing control of the sec-
ond two-way valve 16A according to the control method
of the flowchart described in FIG. 3. By opening the sec-
ond two-way valve 16A (opening the second bypass cir-
cuit 16), the flow rate of the refrigerant can be ensured
and the refrigerant circuit system 1B can be efficiently
operated even if the second expansion valve 15 side has
the low differential pressure.

<Second embodiment>

[0055] Hereinafter, a refrigerant circuit system accord-
ing to a second embodiment of the present invention will
be described with reference to FIGS. 6 and 7.
[0056] FIG. 6 is a view showing an example of a refrig-
erant circuit system in a second embodiment of the
present invention.
[0057] As shown in FIG. 6, a refrigerant circuit system
1C includes a high stage-side compressor 10A, a low
stage-side compressor 10B, a utilization-side heat ex-
changer (condenser) 11, a first expansion valve 12, a
first bypass circuit 13, a receiver 14, a second expansion
valve 15, a second bypass circuit 16, a heat source-side
heat exchanger (evaporator) 17, an accumulator 18, a
pipe 19 which connects the elements, an intermediate
heat exchanger 20, a third expansion valve 21, a third
bypass circuit 22, an injection circuit 23, and a control
device 100. A first two-way valve 13A and a first capillary
tube 13B are provided in the first bypass circuit 13. A
second two-way valve 16A and a second capillary tube
16B are provided in the second bypass circuit 16. A third
two-way valve 22A and a third capillary tube 22B are
provided in the third bypass circuit 22. Also, the third ex-
pansion valve is provided in the middle of the injection
circuit 23.. Hereinafter, a constitution which is different
from that of the first embodiment will be described, and
a description of the constitution which is the same as that
of the first embodiment will be omitted.
[0058] The high stage-side compressor 10A and the
low stage-side compressor 10B are connected in series.
A suction side of the low stage-side compressor 10B is
connected to the accumulator 18. Further, an outlet side
of the low stage-side compressor 10B is connected to a
suction side of the high stage-side compressor 10A. The
low stage-side compressor 10B suctions and compress-
es a low pressure refrigerant and discharges an interme-
diate pressure refrigerant to the high stage-side com-
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pressor 10A side. The injection circuit 23 which diverges
some of the refrigerant from a main flow circuit connected
to the second expansion valve 15 and the heat source-
side heat exchanger 17 and then supplies the diverged
refrigerant to the suction side of the high stage-side com-
pressor 10A is provided on a downstream side of the
receiver 14. Further, the intermediate heat exchanger 20
which exchanges heat between the refrigerant flowing
through the injection circuit 23 and depressurized in the
third expansion valve 21 and the refrigerant flowing
through the main flow circuit is provided in the injection
circuit 23. The diverged refrigerant is depressurized by
the third expansion valve 21, then exits from an outlet of
the intermediate heat exchanger 20 on the high stage-
side compressor side, is returned to the high stage-side
compressor 10A and is then recompressed. The injection
circuit 23 can improve the COP of the refrigeration cycle
as is well known. Meanwhile, the refrigerant flowing in
the main flow circuit exchanges heat with an intermediate
pressure refrigerant in the intermediate heat exchanger
20, is supercooled, is then depressurized and expanded
by the second expansion valve 15 and flows into the heat
source-side heat exchanger 17. Here, the third bypass
circuit 22 is a circuit for bypassing the flow of the refrig-
erant passing through the third expansion valve 21. The
third bypass circuit 22 of the embodiment is controlled to
be in an open state when a pressure difference between
a front and a rear of the third expansion valve 21 is a low
differential pressure and the flow rate of the refrigerant
returned to the high stage-side compressor 10A through
the injection circuit 23 cannot be secured. Other consti-
tutions are the same as those in the first embodiment.
[0059] FIG. 7 is a P-h diagram of the refrigerant circuit
system in the second embodiment of the present inven-
tion.
[0060] FIG. 7 is a relationship diagram of the pressure
and the enthalpy which indicates a refrigeration cycle of
a refrigerant circuit system 1C according to the embod-
iment. In FIG. 7, each symbol indicates the following
state. That is, A1 indicates the state of the refrigerant
discharged from the high stage-side compressor 10A,
A2 indicates the state of the refrigerant on the outlet side
of the utilization-side heat exchanger 11 when the utili-
zation-side inlet temperature is high (e.g., 75°C), A3 in-
dicates the state of the refrigerant on the outlet side of
the first expansion valve 12 when the utilization-side inlet
temperature is high, A4 indicates the state of the refrig-
erant on the inlet side of the second expansion valve 15
when the utilization-side inlet temperature is high, A5 in-
dicates the state of the refrigerant on the outlet side of
the second expansion valve 15 when the utilization-side
inlet temperature is high, A6 indicates the state of the
refrigerant on the outlet side of the heat source-side heat
exchanger 17, A7 indicates the state of the refrigerant
discharged from the low stage-side compressor 10B, A8
indicates the state of the refrigerant on the outlet side of
the third expansion valve 21 when the utilization-side inlet
temperature is high, and A9 indicates the state of the

refrigerant on the suction side of the high stage-side com-
pressor 10A.
[0061] Further, B2 indicates the state of the refrigerant
on the outlet side of the utilization-side heat exchanger
11 when the utilization-side inlet temperature is low (e.g.,
5°C), B3 indicates the state of the refrigerant on the outlet
side of the first expansion valve 12 when the utilization-
side inlet temperature is low, B4 indicates the state of
the refrigerant on the inlet side of the second expansion
valve 15 when the utilization-side inlet temperature is low,
B5 indicates the state of the refrigerant on the outlet side
of the second expansion valve 15 when the utilization-
side inlet temperature is low, and B8 indicates the state
of the refrigerant on the outlet side of the third expansion
valve 21 when the utilization-side inlet temperature is low.
[0062] The change in the control region of the first ex-
pansion valve 12, the second expansion valve 15 and
the third expansion valve 21 corresponding to a change
in the utilization-side inlet temperature are as follows.

(When utilization-side inlet temperature is high)

[0063] The high temperature and high pressure refrig-
erant (state A1) discharged from the high stage-side
compressor 10A radiates heat in the utilization-side heat
exchanger 11, is condensed and liquefied and becomes
a high pressure liquid refrigerant (state A2). Then, the
refrigerant (state A3) having passed through the first ex-
pansion valve 12, slightly depressurized (PH4) and flow-
ing in the main flow circuit is cooled (stage A4) in the
intermediate heat exchanger 20 and reaches the second
expansion valve 15. Additionally, the refrigerant is further
depressurized (PL4) (state A5) by the second expansion
valve 15, flows into the heat source-side heat exchanger
17, absorbs heat from the external air to be evaporated
and becomes a low pressure gas refrigerant (state A6).
The low pressure gas refrigerant is boosted to an inter-
mediate pressure by the low stage-side compressor 10B
(state A7) and is supplied to the suction side of the high
stage-side compressor 10A. Meanwhile, the refrigerant
diverged to the injection circuit 23 is depressurized (PM4)
to the intermediate pressure (state A8) by the third ex-
pansion valve 21, absorbs heat through the intermediate
heat exchanger 20 and is supplied to the suction side of
the high stage-side compressor 10A. Here, the interme-
diate pressure refrigerant whose temperature is lowered
(state A9) by mixing the refrigerant supplied through the
injection circuit 23 and the refrigerant compressed by the
low stage-side compressor 10B is supplied to the high
stage-side compressor 10A. The high stage-side com-
pressor 10A compresses the intermediate pressure re-
frigerant and discharges the high temperature and high
pressure refrigerant (state A1). The same cycle is repeat-
ed thereafter.
[0064] In the example of FIG. 7, the pressure difference
between the front and the rear of the first expansion valve
12 is a low differential pressure (PH4). The pressure dif-
ference between the front and the rear of the second
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expansion valve 15 is a high differential pressure (PL4).
Also, the pressure difference between the front and the
rear of the third expansion valve 21 is a high differential
pressure (PM4).

(When utilization-side inlet temperature is low)

[0065] The high temperature and high pressure refrig-
erant (state A1) discharged from the high stage-side
compressor 10A radiates a large amount of heat in the
utilization-side heat exchanger 11, is condensed and liq-
uefied and becomes a high pressure liquid refrigerant
(state B2). Then, the refrigerant (state B3) largely de-
pressurized (PH3) by the first expansion valve 12 and
flowing in the main flow circuit is cooled (stage B4) in the
intermediate heat exchanger 20 and reaches the second
expansion valve 15. Additionally, the refrigerant is de-
pressurized (PL3) (state B5) by the second expansion
valve 15, flows into the heat source-side heat exchanger
17, absorbs heat from the external air to be evaporated
and becomes a low pressure gas refrigerant (state A6).
The low pressure gas refrigerant is compressed to an
intermediate pressure by the low stage-side compressor
10B (state A7) and is supplied to the suction side of the
high stage-side compressor 10A. Meanwhile, the refrig-
erant diverged to the injection circuit 23 is depressurized
(PM3) to the intermediate pressure (state B8) by the third
expansion valve 21, absorbs heat through the interme-
diate heat exchanger 20 and is supplied to the suction
side of the high stage-side compressor 10A. Here, the
intermediate pressure refrigerant whose temperature is
lowered (state A9) by mixing the refrigerant supplied
through the injection circuit 23 and the refrigerant com-
pressed by the low stage-side compressor 10B is sup-
plied to the high stage-side compressor 10A. The high
stage-side compressor 10A compresses the intermedi-
ate pressure refrigerant and discharges the high temper-
ature and high pressure refrigerant (state A1). The same
cycle is repeated thereafter.
[0066] In the example of FIG. 7, the pressure difference
between the front and the rear of the first expansion valve
12 is a high differential pressure (PH3). Meanwhile, the
pressure difference between the front and the rear of the
second expansion valve 15 is a low differential pressure
(PL3). Also, the pressure difference between the front
and the rear of the third expansion valve 21 is a low dif-
ferential pressure (PM3).
[0067] As in the first embodiment, in the operation state
in which the pressure difference between the front and
the rear of each of the expansion valves (the first expan-
sion valve 12, the second expansion valve 15 and the
third expansion valve 21) is the low differential pressure,
the necessary flow rate of the refrigerant may not pass
through. Therefore, the control device 100 opens the third
bypass circuit 22, for example, in the case of the third
expansion valve 21 and controls the necessary amount
of refrigerant to flow through the injection circuit 23.
[0068] Next, a control method of the first bypass circuit

13, the second bypass circuit 16 and the third bypass
circuit 22 in the second embodiment will be described.
[0069] The control of the first bypass circuit 13 is the
same as in the first embodiment. The control device 100
controls the opening and closing of the first two-way valve
13A on the basis of the valve opening degree of the first
expansion valve 12 and the outlet side temperature or
supercooling degree of the utilization-side heat exchang-
er 11.
[0070] The control of the second bypass circuit 16 is
the same as in the first embodiment. The control device
100 controls the opening and closing of the second two-
way valve 16A on the basis of the valve opening degree
of the second expansion valve 15 and the outlet side
superheat degree of the heat source-side heat exchang-
er 17 or the suction side superheat degree of the low
stage-side compressor 10B.
[0071] The control of the third bypass circuit 22 is also
the same. The control device 100 controls the opening
and closing of the third two-way valve 22A, for example,
on the basis of the valve opening degree of the third ex-
pansion valve 21 and the outlet side temperature of the
intermediate heat exchanger 20 measured by a temper-
ature sensor 34. Details of the control are as described
in the flowchart of FIG. 3. Therefore, even if the flow rate
of the refrigerant passing through the third expansion
valve 21 is small, the refrigerant flowing into the injection
circuit 23 is also supplied from the third bypass circuit
22, and thus the flow rate of the intermediate pressure
refrigerant supplied from the injection circuit 23 to the
high stage-side compressor 10A can be secured.
[0072] According to the embodiment, even if the pres-
sure difference between the front and the rear of each of
the first expansion valve 12, the second expansion valve
15 and the third expansion valve 21 is the low differential
pressure, the flow rate of the refrigerant is ensured, and
thus the COP reduction in the refrigerant circuit system
1C and an increase in cost due to the use of the large-
diameter flow rate control valve in each of the expansion
valves can be prevented. Also, in the refrigerant circuit
system 1C shown in FIG. 6, the case in which the first
bypass circuit 13, the second bypass circuit 16 and the
third bypass circuit 22 are provided has been described.
However, only one or two of the three bypass circuits
may be provided according to the width of the control
range of the first expansion valve 12, the second expan-
sion valve 15 and the third expansion valve 21.
[0073] In addition, it is possible to substitute well-
known elements with the elements in the above-de-
scribed embodiment within a scope not deviating from
the gist of the present invention. Further, the technical
scope of the present invention is not limited to the above-
described embodiments, and various modifications can
be made without departing from the spirit of the present
invention.
[0074] For example, in the embodiments, the two-way
valve and the capillary tube are combined as an example
of the constitution of the first bypass circuit 13, the second
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bypass circuit 16 and the third bypass circuit 22. Howev-
er, this combination may be replaced with a single flow
rate control valve, and in the first bypass circuit 13 or the
like, the flow rate of the refrigerant may be secured by
adjusting the valve opening degree of the flow rate control
valve used as a replacement.

EXPLANATION OF REFERENCES

[0075]

1, 1A, 1B, 1C Refrigerant circuit system
10 Compressor
10A High stage-side compressor
10B Low stage-side compressor
11 Utilization-side heat exchanger
12 First expansion valve
13 First bypass circuit
13A First two-way valve
13B First capillary tube
14 Receiver
15 Second expansion valve
16 Second bypass circuit
16A Second two-way valve
16B Second capillary tube
17 Heat source-side heat exchanger
18 Accumulator
19 Pipe
20 Intermediate heat exchanger
21 Third expansion valve
22 Third bypass circuit
22A Third two-way valve
22B Third capillary tube
23 Injection circuit
31, 32, 34 Temperature sensor
33 Pressure sensor
100 Control device

Claims

1. A refrigerant circuit system (1A) comprising:

one or a plurality of compressors (10) configured
to compress a refrigerant,
a utilization-side heat exchanger (11) configured
to condense the refrigerant compressed by the
compressor,
a first expansion valve (12) configured to de-
pressurize the refrigerant introduced from the
utilization-side heat exchanger,
a receiver (14) configured to store some of the
refrigerant depressurized by the first expansion
valve,
a second expansion valve (15) configured to de-
pressurize the refrigerant flowing out from the
receiver,
a heat source-side heat exchanger (17) config-

ured to evaporate the refrigerant depressurized
by the second expansion valve,
a first bypass circuit (13) configured to bypass
a flow of the refrigerant passing through the first
expansion valve (12), and
a control device (100) configured to control
opening and closing of the first bypass circuit
(13).

2. A refrigerant circuit system (1B) comprising:

one or a plurality of compressors (10) configured
to compress a refrigerant,
a utilization-side heat exchanger (11) configured
to condense the refrigerant compressed by the
compressor,
a first expansion valve (12) configured to de-
pressurize the refrigerant introduced from the
utilization-side heat exchanger,
a receiver (14) configured to store some of the
refrigerant depressurized by the first expansion
valve,
a second expansion valve (15) configured to de-
pressurize the refrigerant flowing out from the
receiver,
a heat source-side heat exchanger (17) config-
ured to evaporate the refrigerant depressurized
by the second expansion valve,
a second bypass circuit (16) configured to by-
pass a flow of the refrigerant passing through
the second expansion valve (15), and
a control device (100) configured to control
opening and closing of the second bypass circuit
(16).

3. A refrigerant circuit system (1) comprising:

one or a plurality of compressors (10) configured
to compress a refrigerant,
a utilization-side heat exchanger (11) configured
to condense the refrigerant compressed by the
compressor,
a first expansion valve (12) configured to de-
pressurize the refrigerant introduced from the
utilization-side heat exchanger,
a receiver (14) configured to store some of the
refrigerant depressurized by the first expansion
valve,
a second expansion valve (15) configured to de-
pressurize the refrigerant flowing out from the
receiver,
a heat source-side heat exchanger (17) config-
ured to evaporate the refrigerant depressurized
by the second expansion valve,
a first bypass circuit (13) configured to bypass
a flow of the refrigerant passing through the first
expansion valve (12),
a second bypass circuit (16) configured to by-
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pass a flow of the refrigerant passing through
the second expansion valve (15), and
a control device (100) configured to control
opening and closing of the first bypass circuit
(13) and opening and closing of the second by-
pass circuit (16).

4. The refrigerant circuit system (1A, 1) according to
claim 1 or 3, wherein the control device (100) controls
the opening and closing of the first bypass circuit
(13) on the basis of an outlet side temperature of the
utilization-side heat exchanger (11) or an outlet side
supercooling degree of the utilization-side heat ex-
changer (11) and an opening degree of the first ex-
pansion valve (12).

5. The refrigerant circuit system (1B, 1) according to
claim 2 or 3, wherein the control device (100) controls
the opening and closing of the second bypass circuit
(16) on the basis of an outlet side superheat degree
of the heat source-side heat exchanger (11) or a suc-
tion side superheat degree of the compressor (10)
and an opening degree of the second expansion
valve (15).

6. The refrigerant circuit system (1C) according to any
one of claims 1 to 5, wherein the compressors in-
clude a high stage-side compressor (10A) and a low
stage-side compressor (10B), and the refrigerant cir-
cuit system further comprises an injection circuit (23)
configured to supply the refrigerant flowing out from
the receiver (14) to the high stage-side compressor
(10A), a third expansion valve (21) provided at a mid-
dle portion of the injection circuit (23), and a third
bypass circuit (22) configured to bypass the flow of
the refrigerant passing through the injection circuit
(23), and
wherein the control device (100) also controls the
opening and closing of the third bypass circuit (22).

7. A control method in a refrigerant circuit system (1A)
which comprises one or a plurality of compressors
(10) configured to compress a refrigerant, a utiliza-
tion-side heat exchanger (11) configured to con-
dense the refrigerant compressed by the compres-
sor, a first expansion valve (12) configured to de-
pressurize the refrigerant introduced from the utili-
zation-side heat exchanger, a receiver (14) config-
ured to store some of the refrigerant depressurized
by the first expansion valve, a second expansion
valve (15) configured to depressurize the refrigerant
flowing out from the receiver, a heat source-side heat
exchanger (17) configured to evaporate the refriger-
ant depressurized by the second expansion valve,
and a first bypass circuit (13) configured to bypass
a flow of the refrigerant passing through the first ex-
pansion valve (12),
wherein opening and closing of the first bypass cir-

cuit (13) is controlled on the basis of an outlet side
temperature of the utilization-side heat exchanger
(11) or an outlet side supercooling degree of the uti-
lization-side heat exchanger (11) and an opening de-
gree of the first expansion valve (12).

8. A control method in a refrigerant circuit system (1B)
which comprises one or a plurality of compressors
(10) configured to compress a refrigerant, a utiliza-
tion-side heat exchanger (11) configured to con-
dense the refrigerant compressed by the compres-
sor, a first expansion valve (12) configured to de-
pressurize the refrigerant introduced from the utili-
zation-side heat exchanger, a receiver (14) config-
ured to store some of the refrigerant depressurized
by the first expansion valve, a second expansion
valve (15) configured to depressurize the refrigerant
flowing out from the receiver, a heat source-side heat
exchanger (17) configured to evaporate the refriger-
ant depressurized by the second expansion valve,
and a second bypass circuit (16) configured to by-
pass a flow of the refrigerant passing through the
second expansion valve (15),
wherein opening and closing of the second bypass
circuit (16) is controlled on the basis of an outlet side
superheat degree of the heat source-side heat ex-
changer (17) or a suction side superheat degree of
the compressor (10) and an opening degree of the
second expansion valve (15).
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