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(57) The purpose of the presentinventionis toreduce
the temperature of a refrigerant sucked in by a high-stage
compressor and prevent the high-stage compressor from
sucking inaliquid medium. This refrigeration cycle device
has a compression unit having a low-stage compressor
(7) and a high-stage compressor (8), a condenser (11),
a first expansion valve (12), and an evaporator (17). The
refrigeration cycle device is equipped with: a liquid by-
pass circuit (32) which branches off from a pipe connect-
ing the condenser (11) and the first expansion valve (12),
and joins into a pipe connecting the low-stage compres-
sor (7) and the high-stage compressor (8); a third expan-
sion valve (33) which is provided to the liquid bypass
circuit (32) and adjusts the amount of the refrigerant flow-
ing through the liquid bypass circuit (32); and a controller
(40) which controls the third expansion valve (33) and
increases the amount of the refrigerant flowing through
the liquid bypass circuit (32) when the discharge temper-
ature of the high-stage compressor (8) is higher than a
predetermined value, and which controls the third expan-
sion valve (33) and adjusts the amount of the refrigerant
flowing through the liquid bypass circuit (32) on the basis
of the suction superheat degree of the high-stage com-
pressor (8).

REFRIGERATION CYCLE DEVICE AND REFRIGERATION CYCLE DEVICE CONTROL METHOD

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 301 380 A1 2

Description
Technical Field

[0001] The present invention relates to a refrigeration
cycle device and a refrigeration cycle device control
method.

Background Art

[0002] As a heat pump system using a refrigeration
cycle in which a refrigerant circulates, there is a heat
pump system aimed at enabling hot water to be dis-
charged even in a low outside air temperature environ-
ment.

[0003] In the heat pump system, the lower the outside
air temperature, the lower the refrigerant temperature
and pressure at an inlet of an evaporator of a refrigerant
become, and a suction pressure at an inlet of a compres-
soris also lowered. As a result, when the discharge pres-
sure of the compressor is raised to a predetermined val-
ue, the lower the outside air temperature, the higher the
temperature of the refrigerant which is discharged from
the compressor rises. Further, the higher the hot water
temperature, the higher the discharge pressure of the
compressor is set, and therefore, the temperature of the
refrigerant which is discharged from the compressor ris-
es.

Citation List
Patent Literature

[0004] [PTL 1]Japanese Unexamined Patent Applica-
tion Publication No. 2007-155143

Summary of Invention
Technical Problem

[0005] Ifthe temperature of the refrigerant which is dis-
charged from the compressor rises under the above-
mentioned conditions or the like, there is a concern that
deterioration of lubricating oil, damage to a valve, burnout
of a bearing, or the like may occur. For this reason, in a
case where the outside air temperature is low, there is a
case where the refrigerant cooled in a condenser (a re-
frigerant/water heat exchanger) is supplied to a suction
pipe of a compressor by being bypassed without passing
through an evaporator. In this way, the temperature of
the refrigerant which is sucked into the compressor is
lowered, and thus the temperature of the refrigerant
whichis discharged from the compressor can be lowered.
[0006] However, the refrigerant which is supplied to
the suction pipe of the compressor is a supercooled liquid
medium, and if the amount of the supplied liquid medium
is large, the refrigerant at the inlet of the compressor en-
ters a gas-liquid two-phase state. As a result, the com-
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pressor compresses liquid, and therefore, there is a con-
cern that the compressor may be broken. Therefore, a
method of supplying the supercooled liquid medium to
the suction pipe of the compressor cannot be constantly
performed, and thus the temperature rise of the compres-
sor can be merely prevented intermittently.

[0007] The above-mentioned PTL 1 discloses a tech-
nique in which a liquid refrigerant is supplied between a
low-stage compression mechanism and a high-stage
compression mechanism to lower the temperature of the
refrigerant which is sucked into the high-stage compres-
sor. In this way, the discharge refrigerant temperature of
the high-stage compression mechanism is lowered.
However, if the amount of the liquid refrigerant which is
supplied to the high-stage compression mechanism is
large, the refrigerant at the inlet of the high-stage com-
pression mechanism enters a gas-liquid two-phase state.
Therefore, an appropriate amount of liquid medium
needs to be supplied to the high-stage compressor.
[0008] The above-described problem exists also in an
air conditioner or the like which is a refrigeration cycle
device other than a heat pump system.

[0009] The present invention has been made in view
of such circumstances and has an object to provide a
refrigeration cycle device and a refrigeration cycle device
control method, in which it is possible to lower the tem-
perature of arefrigerant which is sucked into a high-stage
compressor and to prevent the high-stage compressor
from sucking in a liquid medium.

Solution to Problem

[0010] According to a first aspect of the present inven-
tion, there is provided a refrigeration cycle device having
arefrigerant cycle in which a compression section having
a low-stage compressor and a high-stage compressor,
a condenser, an expansion section, and an evaporator
are connected with one another by piping and a refriger-
ant is circulated, the refrigeration cycle device including:
a bypass pipe which branches off from a pipe connecting
the condenser and the expansion section with each other
and joins a pipe connecting the low-stage compressor
and the high-stage compressor with each other; a flow
rate adjustment section which is provided in the bypass
pipe and adjusts the amount of a refrigerant flowing
through the bypass pipe; and a controller which controls
the flow rate adjustment section to increase the amount
of the refrigerant flowing through the bypass pipe, when
a discharge temperature of the high-stage compressor
is higher than a predetermined value, and controls the
flow rate adjustment section to adjust the amount of the
refrigerant flowing through the bypass pipe, based on a
suction superheat degree of the high-stage compressor.
[0011] According to this configuration, the refrigerant
sent out from the condenser is branched through the by-
pass pipe before it is supplied to the expansion section,
and is supplied between the low-stage compressor and
the high-stage compressor. The flow rate adjustment
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section adjusts the flow rate of the refrigerant while start-
ing or stopping the flow of the refrigerant in the bypass
pipe.

[0012] When the discharge temperature of the high-
stage compressor is higher than a predetermined value,
the flow rate adjustment section is controlled to increase
the amount of the refrigerant flowing through the bypass
pipe, so that the temperature of the refrigerant which is
sucked into the high-stage compressor is lowered. Fur-
ther, the flow rate adjustment section is controlled to ad-
just the amount of the refrigerant flowing through the by-
pass pipe, based on the suction superheat degree of the
high-stage compressor. Therefore, control can be per-
formed such that the refrigerant which is sucked into the
high-stage compressor becomes superheated gas, and
the compressor can be prevented from sucking a liquid
refrigerant. Further, the degree of superheat of the re-
frigerant which is sucked into the high-stage compressor
can be made to be constant, and therefore, the compres-
sor can be prevented from becoming higher in tempera-
ture and being broken.

[0013] In the first aspect of the present invention, the
controller may control the flow rate adjustment section
to reduce the amount of the refrigerant flowing through
the bypass pipe, when the suction superheat degree of
the high-stage compressor is equal to or lower than a
predetermined value.

[0014] According to this configuration, when the suc-
tion superheat degree of the high-stage compressor is
equal to or lower than a predetermined value, the flow
rate adjustment section is controlled to reduce the
amount of the refrigerant flowing through the bypass
pipe, and therefore, a decrease in the degree of super-
heat of the refrigerant which is sucked into the high-stage
compressor can be suppressed.

[0015] In the first aspect of the present invention, the
controller may control the flow rate adjustment section
to increase the amount of the refrigerant flowing through
the bypass pipe, when the suction superheat degree of
the high-stage compressor is higher than a predeter-
mined value and the discharge temperature of the high-
stage compressor is higher than the predetermined val-
ue.

[0016] According to this configuration, when the suc-
tion superheat degree of the high-stage compressor is
higher than a predetermined value and the discharge
temperature of the high-stage compressor is higher than
the predetermined value, the flow rate adjustment section
is controlled to increase the amount of the refrigerant
flowing through the bypass pipe, and therefore, an in-
crease in the degree of superheat of the refrigerant which
is sucked into the high-stage compressor can be sup-
pressed.

[0017] In the first aspect of the present invention, the
controller may cause the flow rate adjustment section to
maintain the amount of the refrigerant flowing through
the bypass pipe, when the suction superheat degree of
the high-stage compressor is higher than a predeter-
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mined value and the discharge temperature of the high-
stage compressor is equal to or lower than the predeter-
mined value.

[0018] According to this configuration, when the suc-
tion superheat degree of the high-stage compressor is
higher than a predetermined value and the discharge
temperature of the high-stage compressor is equal to or
lower than the predetermined value, even if, for example,
the flow rate adjustment section is not controlled, the
amount of the refrigerant flowing through the bypass pipe
is maintained, and thus a decrease and an increase in
the degree of superheat of the refrigerant which is sucked
into the high-stage compressor can be suppressed to
maintain the degree of superheat to be constant.
[0019] In the first aspect of the present invention, the
controller may increase a discharge pressure of the re-
frigerant which is discharged from the low-stage com-
pressor by controlling a rotational frequency of the low-
stage compressor or the high-stage compressor, when
the suction superheat degree of the high-stage compres-
sor is higher than a predetermined value and the dis-
charge temperature of the high-stage compressor or a
discharge pressure of the high-stage compressor is high-
er than a predetermined value.

[0020] According to this configuration, when the suc-
tion superheat degree of the high-stage compressor is
higher than a predetermined value and the discharge
temperature of the high-stage compressor or a discharge
pressure of the high-stage compressor is higher than a
predetermined value, a discharge pressure of the refrig-
erantwhichis discharged from the low-stage compressor
is increased by controlling a rotational frequency of the
low-stage compressor or the high-stage compressor,
and therefore, the suction pressure of the high-stage
compressor also increases, and thus the difference be-
tween the suction pressure and the discharge pressure
ofthe high-stage compressorcanbe reduced. As aresult,
it is possible to lower the discharge temperature of the
high-stage compressor.

[0021] In order to increase the discharge pressure of
the refrigerant which is discharged from the low-stage
compressor, the rotational frequency of the high-stage
compressor is decreased or the rotational frequency of
the low-stage compressor is increased.

[0022] In the first aspect of the present invention, the
flow rate adjustment section may be an expansion valve,
and the controller may control the rotational frequency
of the low-stage compressor or the high-stage compres-
sor when a degree of opening of the expansion valve has
reached a maximum opening degree, when the dis-
charge temperature of the high-stage compressor or the
discharge pressure of the high-stage compressor is high-
er than a predetermined value.

[0023] According to this configuration, even in a case
where the discharge temperature of the high-stage com-
pressor or the discharge pressure of the high-stage com-
pressor is higher than a predetermined value and the
degree of opening of the expansion valve cannot be in-
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creased, so that an increase in the degree of superheat
cannot be suppressed, the discharge temperature of the
high-stage compressor can be reliably lowered by con-
trolling the rotational frequency of the low-stage com-
pressor or the high-stage compressor.

[0024] According to a second aspect of the present
invention, there is provided a method of controlling a re-
frigeration cycle device having arefrigerantcycle in which
a compression section having a low-stage compressor
and a high-stage compressor, a condenser, an expan-
sion section, and an evaporator are connected by piping
and a refrigerant is circulated, the refrigeration cycle de-
vice including a bypass pipe which branches off from a
pipe connecting the condenser and the expansion sec-
tion and joins a pipe connecting the low-stage compres-
sor and the high-stage compressor, and a flow rate ad-
justment section which is provided in the bypass pipe
and adjusts the amount of a refrigerant flowing through
the bypass pipe, the method including: a step of increas-
ing the amount of the refrigerant flowing through the by-
pass pipe by controlling the flow rate adjustment section
when a discharge temperature of the high-stage com-
pressor is higher than a predetermined value; and a step
of adjusting the amount of the refrigerant flowing through
the bypass pipe by controlling the flow rate adjustment
section, based on a suction superheat degree of the high-
stage compressor.

Advantageous Effects of Invention

[0025] Accordingtothe presentinvention, itis possible
to lower the temperature of the refrigerant which is
sucked into the high-stage compressor and to prevent
the high-stage compressor from sucking in a liquid me-
dium.

Brief Description of Drawings
[0026]

Fig. 1 is a configuration diagram showing a heat
pump water heater according to a first embodiment
of the present invention.

Fig. 2 is a configuration diagram showing a heat
pump water heater according to a modification ex-
ample of the first embodiment of the present inven-
tion.

Fig. 3 is a flowchart showing an operation of the heat
pump water heater according to the first embodiment
of the present invention.

Fig. 4 is a flowchart showing an operation of a heat
pump water heater according to a second embodi-
ment of the present invention.

Fig. 5 is a Mollier chart of a heat pump of the heat
pump water heater according to the second embod-
iment of the present invention.
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Description of Embodiments
[First Embodiment]

[0027] Hereinafter, aheat pump water heater 1 accord-
ing to a first embodiment of the present invention will be
described with reference to the drawings.

[0028] The heat pump water heater 1 according to this
embodiment is provided with a heat pump system (here-
inafter simply referred to as a heat pump) 2, and a water
circulation line 3 connected to a hot water storage tank
unit (not shown), as shown in Fig. 1. In the following, a
case where a refrigeration cycle device is the heat pump
2 will be described. However, the refrigeration cycle de-
vice according to the present invention is not limited to
this example. For example, the refrigeration cycle device
according to the present invention can also be applied
to an air conditioner or the like having a refrigerant cycle.
[0029] The water circulation line 3 on the hot water
storage tank unit side is provided with a water supply-
side line 3A connected to a water-side flow path of a
condenser (a refrigerant/water heat exchanger) 11 in the
heat pump 2, and a hot water extraction-side line 3B for
extracting hot water produced in the condenser 11, and
the water supply-side line 3A is provided with a water
pump and a flow rate control valve.

[0030] The heat pump 2 is configured with a closed
cycle refrigerant circuit in which a compression section
having a low-stage compressor 7 and a high-stage com-
pressor 8, the condenser 11 dissipating the heat of a
refrigerant gas, a first expansion valve 12 reducing the
pressure of a refrigerant to an intermediate pressure, an
intermediate pressure receiver 13 having a gas-liquid
separation function, a second expansion valve 16 reduc-
ing the pressure of an intermediate pressure refrigerant
such that the intermediate pressure refrigerant becomes
a low-temperature and low-pressure gas-liquid two-
phase refrigerant, and an evaporator (an air heat ex-
changer) 17 performing heat exchange between the re-
frigerant and the outside air which is blown from a blower
18 are connected in this order through a refrigerant pipe.
[0031] The condenser 11 of the heat pump 2 is a re-
frigerant/water heat exchanger, in which heat exchange
between water and the refrigerant gas is performed by
circulating a high-temperature and high-pressure refrig-
erant gas discharged from the compression section in a
refrigerant-side flow path on one side and circulating wa-
ter in a water-side flow path on the other side through
the water circulation line 3. Then, the condenser 11 is
configured so as to produce hot water by heating the
water with the high-temperature and high-pressure re-
frigerant gas.

[0032] Further, the refrigerant circuit is provided with
a gas injection circuit 31 which supplies an intermediate
pressure refrigerant gas separated in the intermediate
pressure receiver 13 having a gas-liquid separation func-
tion to the high-stage compressor 8. The gas injection
circuit 31 may be provided with an electromagnetic valve
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and a check valve so as to be able to open and close the
gas injection circuit 31 as necessary. Due to the econo-
mizer effect by gas injection, the heating capacity and
the coefficient of performance (COP) by the heat pump
2 is improved, and thus the hot water supply capacity
can be increased.

[0033] The refrigerant circuit is provided with a liquid
bypass circuit 32 which supplies the refrigerant cooled
by heat exchange with water in the condenser 11 to the
high-stage compressor 8. A third expansion valve 33 is
provided in the liquid bypass circuit 32.

[0034] In the heat pump water heater 1, if the heat
pump 2 is operated, the high-temperature and high-pres-
sure refrigerant gas compressed in two stages in the
compression sectionis introduced into the condenser 11,
where the high-temperature and high-pressure refriger-
ant gas is subjected to heat exchange with water which
flows from the water supply-side line 3A of the water cir-
culation line 3 to the water-side flow path. The water is
heated and increased in temperature by heat dissipation
from the high-temperature and high-pressure refrigerant
gas and then returned to a hot water storage tank (not
shown) through the hot water extraction-side line 3B, and
the heat exchange between the refrigerant and the water
is continuously performed in the condenser 11 until the
amount of hot water stored in the hot water storage tank
reaches a predetermined amount. If the amount of stored
hot water reaches the predetermined amount, the hot
water storage operation is ended.

[0035] The refrigerant cooled by heat exchange with
water in the condenser 11 is reduced in pressure by the
first expansion valve 12 and reaches the intermediate
pressure receiver 13 where the refrigerant is subjected
to gas-liquid separation. The intermediate pressure gas
refrigerant separated in the intermediate pressure receiv-
er 13 is supplied to the high-stage compressor 8 by the
gas injection circuit 31, sucked into the high-stage com-
pressor 8, and recompressed. Due to the economizer
effect by the gas injection, the heating capacity and the
coefficient of performance (COP) is improved, and thus
the hot water supply capacity can be increased.

[0036] Ontheotherhand,aliquid refrigerantseparated
in the intermediate pressure receiver 13 is reduced in
pressure by the second expansion valve 16, becomes a
low-temperature and low-pressure gas-liquid two-phase
refrigerant, and flows into the evaporator (an air heat ex-
changer) 17. The refrigerant flowing into the evaporator
17 is subjected to heat exchange with the outside air
which is blown by the blower, absorbs heat from the out-
side air, and is evaporated and gasified.

[0037] The refrigerant gasified in the evaporator 17 is
sucked into the compression section and recompressed.
Hereinafter, the same operation is repeated, whereby
the production of hot water is performed.

[0038] A first temperature sensor 21 is provided in a
discharge pipe of the high-stage compressor 8. The tem-
perature of the refrigerant discharged from the high-stage
compressor 8 (the discharge temperature of the high-
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stage compressor 8) is measured by the firsttemperature
sensor 21.

[0039] A second temperature sensor 22 is provided in
a portion after joining the liquid bypass circuit 32, of a
suction pipe of the high-stage compressor 8. The tem-
perature of the refrigerant which is sucked into the high-
stage compressor 8 is measured by the second temper-
ature sensor 22. Further, a pressure sensor 23 is provid-
ed in the suction pipe of the high-stage compressor 8.
The pressure in the suction pipe of the high-stage com-
pressor 8 is measured by the pressure sensor 23.
[0040] A controller 40 calculates the degree of super-
heat of the refrigerant which is sucked into the high-stage
compressor 8, based on the temperature and pressure
of the refrigerant measured by the second temperature
sensor 22 and the pressure sensor 23.

[0041] Further, the controller 40 adjusts the degree of
opening of the third expansion valve 33 according to the
calculated degree of superheat of the refrigerant and the
discharge temperature of the high-stage compressor 8.
[0042] Specifically, in acase where the discharge tem-
perature of the high-stage compressor 8 is equal to or
lower than a predetermined first threshold value, the de-
gree of opening of the third expansion valve 33 is con-
trolled such that the degree of opening of the third ex-
pansion valve 33 is maintained. In contrast, in a case
where the discharge temperature of the high-stage com-
pressor 8 becomes higher than the predetermined first
threshold value, the degree of opening of the third ex-
pansion valve 33 is controlled such that the degree of
opening of the third expansion valve 33 is set to a pre-
determined initial value.

[0043] Further, in a case where the degree of super-
heat of the refrigerant which is sucked into the high-stage
compressor 8 is equal to or lower than a predetermined
second threshold value, the degree of opening of the
third expansion valve 33 is controlled such that the de-
gree of opening of the third expansion valve 33 is re-
duced. In contrast, in a case where the degree of super-
heat of the refrigerant which is sucked into the high-stage
compressor 8 becomes higher than the predetermined
second threshold value, the degree of opening of the
third expansion valve 33 is maintained or increased ac-
cording to the discharge temperature of the high-stage
compressor 8.

[0044] In a case where the degree of superheat of the
refrigerant which is sucked into the high-stage compres-
sor 8 becomes higher than the predetermined second
threshold value, when the discharge temperature of the
high-stage compressor 8 is equal to or lower than the
predetermined first threshold value, the degree of open-
ing of the third expansion valve 33 is controlled such that
the degree of opening of the third expansion valve 33 is
maintained, and when the discharge temperature of the
high-stage compressor 8 becomes higher than the pre-
determined first threshold value, the degree of opening
of the third expansion valve 33 is controlled such that the
degree of opening of the third expansion valve 33 is in-
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creased.

[0045] Further, in the embodiment described above, a
case where the pressure sensor 23 provided in the suc-
tion pipe of the high-stage compressor 8 is used to cal-
culate the degree of superheat of the refrigerant which
is sucked into the high-stage compressor 8 has been
described. However, as shown in Fig. 2, third tempera-
ture sensors 24A, 24B, and 24C which are provided in
pipes connected to the intermediate pressure receiver
13 may be used.

[0046] As the temperature sensor, any one of the third
temperature sensor 24A whichis provided in a refrigerant
pipe 20 connecting the intermediate pressure receiver
13 and the evaporator (an air heat exchanger) 17, the
third temperature sensor 24B which is provided in the
gas injection circuit 31 connecting the intermediate pres-
sure receiver 13 and the suction pipe of the high-stage
compressor 8, and the third temperature sensor 24C
which is provided in a pipe connecting the condenser 11
and the intermediate pressure receiver 13 is used.
[0047] The third temperature sensor 24A can measure
the temperature of the refrigerant thatis a saturated liquid
which is supplied from the intermediate pressure receiver
13 to the evaporator 17, the third temperature sensor
24B can measure the temperature of the refrigerant that
is a saturated gas which is supplied from the intermediate
pressure receiver 13 to the suction pipe of the high-stage
compressor 8, and the third temperature sensor 24C can
measure the temperature of the gas-liquid two-phase re-
frigerant which is supplied to the intermediate pressure
receiver 13.

[0048] The controller 40 calculates the degree of su-
perheat of the refrigerant which is sucked into the high-
stage compressor 8, based on the difference between
the temperatures of the refrigerant measured by at least
one of the third temperature sensors 24A, 24B, and 24C
and the first temperature sensor 21. In a case where the
third temperature sensors 24A, 24B, and 24C are pro-
vided instead of the pressure sensor 23, as compared
with a case where the pressure sensor 23 is provided in
the suction pipe of the high-stage compressor 8, a con-
figuration can be simplified and the cost can also be re-
duced.

[0049] Hereinafter, control of the third expansion valve
33inthe heat pump system according to this embodiment
will be described with reference to Fig. 3.

[0050] First, in a state where the third expansion valve
33 is closed, the discharge temperature (hereinafter also
referred to as a "firsttemperature") of the high-stage com-
pressor 8 is detected (step S1), and whether or not the
first temperature is higher than a predetermined first
threshold value is determined (step S2).

[0051] In a case where the first temperature is equal
to or lower than the first threshold value, a state where
the third expansion valve 33 is closed is continued.
[0052] Onthe otherhand, in a case where the first tem-
perature becomes higher than the first threshold value,
a third expansion valve opening degree initial value set-
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ting command is sent to the third expansion valve 33
(step S3), and a state is created where the degree of
opening of the third expansion valve 33 is opened to a
predetermined initial value. In this way, the refrigerant
cooled in the condenser 11 is supplied to the high-stage
compressor 8 through the liquid bypass circuit 32.
[0053] Further, a high-stage compressor suction su-
perheat degree (hereinafter also referred to as a "first
degree of superheat") is calculated (step S4), and wheth-
er or not the first degree of superheat is higher than a
predetermined second threshold value is determined
(step S5). In a case where the first degree of superheat
is equal to or lower than the second threshold value, since
it is a state where the suction superheat degree of the
high-stage compressor 8 is low, a third expansion valve
opening degree reduction command is sent to the third
expansion valve 33 (step S6), and the degree of opening
of the third expansion valve 33 is reduced. Thereafter,
the detection of the first degree of superheatis continued
(step S4), and the adjustment of the degree of opening
of the third expansion valve 33 is continuously performed.
[0054] On the other hand, in a case where the first de-
gree of superheat becomes higher than the second
threshold value, the discharge temperature (the first tem-
perature) of the high-stage compressor 8 is detected
(step S7), and whether or not the first temperature is high-
er than the predetermined first threshold value is deter-
mined (step S8) .

[0055] In a case where the first degree of superheat is
higher than the second threshold value and the first tem-
perature is equal to or lower than the first threshold value,
the current degree of opening of the third expansion valve
33 is continued. Thereafter, the detection of the first de-
gree of superheat is continued (step S4), and the adjust-
ment of the degree of opening of the third expansion valve
33 is continuously performed.

[0056] Onthe other hand, in a case where the first tem-
perature becomes higher than the first threshold value,
a third expansion valve opening degree increase com-
mand is sent to the third expansion valve 33 (step S9),
and a state is created where the degree of opening of
the third expansion valve 33 is further opened. In this
way, a greater amount of refrigerant cooled in the con-
denser 11 is supplied to the high-stage compressor 8
through the liquid bypass circuit 32. Thereafter, the de-
tection of the first degree of superheat is continued (step
S4), and the adjustment of the degree of opening of the
third expansion valve 33 is continuously performed.
[0057] From the above, if the first degree of superheat
is higher than the second threshold value, the refrigerant
cooled in the condenser 11 continues to be supplied to
the high-stage compressor 8 through the liquid bypass
circuit 32. Further, in a case where the first temperature
becomes higher than the first threshold value, a state is
created where the degree of opening of the third expan-
sion valve 33 is further opened, and thus a greater
amount of refrigerant cooled in the condenser 11 is sup-
plied to the high-stage compressor 8, so thatan increase
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in the first temperature and the first degree of superheat
can be suppressed.

[Second Embodiment]

[0058] Next, a heat pump water heater 1 according to
a second embodiment of the present invention will be
described. The heat pump water heater 1 according to
this embodiment is different in only the controller 40 from
that of the first embodiment, and other configurations are
the same as those of the first embodiment (refer to Fig.
1 or Fig. 2). Therefore, in the following, in particular, a
controller40 of the second embodiment will be described,
and detailed description of the overlapping components
will be omitted.

[0059] The controller 40 calculates the degree of su-
perheat of the refrigerant which is sucked into the high-
stage compressor 8, based on the temperature and pres-
sure of the refrigerant measured by the second temper-
ature sensor 22 and the pressure sensor 23. Instead of
the pressure sensor 23, similar to the first embodiment,
the temperature of the refrigerant measured by at least
one of the third temperature sensors 24A, 24B, and 24C
may be used.

[0060] The controller 40 adjusts the degree of opening
of the third expansion valve 33 according to the calculat-
ed degree of superheat of the refrigerant and the dis-
charge temperature of the high-stage compressor 8. Fur-
ther, the controller 40 controls the rotational frequency
of the high-stage compressor 8 according to the dis-
charge temperature of the high-stage compressor 8.
[0061] Specifically, in a case where the discharge tem-
perature of the high-stage compressor 8 is equal to or
lower than a predetermined first threshold value, the de-
gree of opening of the third expansion valve 33 is con-
trolled such that the degree of opening of the third ex-
pansion valve 33 is maintained. In contrast, in a case
where the discharge temperature of the high-stage com-
pressor 8 becomes higher than the predetermined first
threshold value, the degree of opening of the third ex-
pansion valve 33 is controlled such that the degree of
opening of the third expansion valve 33 is set to a pre-
determined initial value.

[0062] Further, in a case where the degree of super-
heat of the refrigerant which is sucked into the high-stage
compressor 8 is equal to or lower than a predetermined
second threshold value, the degree of opening of the
third expansion valve 33 is controlled such that the de-
gree of opening of the third expansion valve 33 is re-
duced. In contrast, in a case where the degree of super-
heat of the refrigerant which is sucked into the high-stage
compressor 8 becomes higher than the predetermined
second threshold value, the degree of opening of the
third expansion valve 33 is maintained or increased ac-
cording to the discharge temperature of the high-stage
compressor 8.

[0063] In a case where the degree of superheat of the
refrigerant which is sucked into the high-stage compres-
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sor 8 becomes higher than the predetermined second
threshold value, when the discharge temperature of the
high-stage compressor 8 is equal to or lower than the
predetermined first threshold value, the degree of open-
ing of the third expansion valve 33 is controlled such that
the degree of opening of the third expansion valve 33 is
maintained, and when the discharge temperature of the
high-stage compressor 8 becomes higher than the first
threshold value, whether or not the degree of opening of
the third expansion valve 33 has reached the maximum
opening degree is determined.

[0064] In the case described above, when the degree
of opening of the third expansion valve 33 has not
reached the maximum opening degree, the degree of
opening of the third expansion valve 33 is controlled such
that the degree of opening of the third expansion valve
33 is increased, and when the degree of opening of the
third expansion valve 33 has reached the maximum
opening degree, the rotational frequency of the high-
stage compressor 8 is controlled such that the rotational
frequency of the high-stage compressor 8 is reduced.
[0065] When the degree of opening of the third expan-
sion valve 33 has reached the maximum opening degree,
instead of controlling the rotational frequency of the high-
stage compressor 8, the rotational frequency of the low-
stage compressor 7 may be controlled such that the ro-
tational frequency of the low-stage compressor 7 is in-
creased,

[0066] Hereinafter, control of the third expansion valve
33 in the heat pump system according to the second em-
bodiment of the present invention will be described with
reference to Fig. 4.

[0067] Steps S1 to S8 are the same as those in the
control of the third expansion valve 33 in the first embod-
iment described above, and therefore, description there-
of is omitted.

[0068] In a state where the first degree of superheat is
higher than the second threshold value, in step S8,
whether or not the first temperature is higher than the
predetermined first threshold value is determined, and
thereafter, in a case where the first temperature is equal
to or lower than the first threshold value, the current de-
gree of opening of the third expansion valve 33 is con-
tinued. Thereafter, the detection of the first degree of
superheat is continued (step S4), and the adjustment of
the degree of opening of the third expansion valve 33 is
continuously performed.

[0069] Onthe otherhand, in a case where the first tem-
perature becomes higher than the first threshold value,
whether or not the degree of opening of the third expan-
sion valve 33 has reached the maximum opening degree
is determined (step S9).

[0070] If the degree of opening of the third expansion
valve 33 has not reached the maximum opening degree,
acommand to increase the degree of opening of the third
expansion valve 33 is sent to the third expansion valve
33 (step S10), and a state is created where the degree
of opening of the third expansion valve 33 is further
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opened. In this way, a greater amount of refrigerant
cooled in the condenser 11 is supplied to the high-stage
compressor 8 through the liquid bypass circuit 32. There-
after, the detection of the first degree of superheat is con-
tinued (step S4), and the adjustment of the degree of
opening of the third expansion valve 33 is continuously
performed.

[0071] Incontrast, in a case where the degree of open-
ing of the third expansion valve 33 has reached the max-
imum opening degree, the rotational frequency of the
high-stage compressor 8 is reduced (step S11). In this
way, since the discharge pressure of the low-stage com-
pressor 7 rises, the suction pressure of the high-stage
compressor 8 also rises. As a result, as shown in Fig. 5,
compared to a case where the difference between the
suction pressure and the discharge pressure of the high-
stage compressor 8 becomes smaller, and thus the ad-
justment to raise the discharge pressure of the low-stage
compressor 7 is not performed, it is possible to lower the
gas temperature of the refrigerant which is discharged
from the high-stage compressor 8.

[0072] In the embodiment described above, in step
S11, the rotational frequency of the high-stage compres-
sor 8 is reduced in a case where the degree of opening
ofthe third expansion valve 33 has reached the maximum
opening degree. However, the rotational frequency of the
low-stage compressor 7 may be increased.

[0073] Further, in the embodiment described above, a
configuration has been described in which the rotational
frequency of the high-stage compressor 8 or the low-
stage compressor 7 is adjusted in a case where the first
temperature is detected and the first temperature be-
comes higher than the first threshold value. However,
the present invention is not limited to this example. For
example, instead of the temperature detection of the first
temperature, detection of the discharge pressure of the
high-stage compressor 8 may be performed. In a case
where the discharge pressure of the high-stage compres-
sor 8 is detected and the discharge pressure of the high-
stage compressor 8 becomes higher than a predeter-
mined threshold value, adjustment of the rotational fre-
quency of the high-stage compressor 8 or the low-stage
compressor 7 may be performed.

Reference Signs List
[0074]

1: heat pump water heater

2: heat pump

7: low-stage compressor

8: high-stage compressor

11: condenser

12: first expansion valve

13: intermediate pressure receiver
16: second expansion valve

17: evaporator

31: gas injection circuit
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32: liquid bypass circuit
33: third expansion valve
40: controller

Claims

1. Arefrigeration cycle device having arefrigerantcycle
in which a compression section having a low-stage
compressor and a high-stage compressor, a con-
denser, an expansion section, and an evaporator are
connected with one another by piping and a refrig-
erant is circulated, the refrigeration cycle device
comprising:

a bypass pipe which branches off from a pipe
connecting the condenser and the expansion
section with each other and joins a pipe con-
necting the low-stage compressor and the high-
stage compressor with each other;

a flow rate adjustment section which is provided
in the bypass pipe and adjusts the amount of a
refrigerant flowing through the bypass pipe; and
a controller which controls the flow rate adjust-
ment section to increase the amount of the re-
frigerant flowing through the bypass pipe, when
a discharge temperature of the high-stage com-
pressor is higher than a predetermined value,
and controls the flow rate adjustment section to
adjust the amount of the refrigerant flowing
through the bypass pipe, based on a suction su-
perheat degree of the high-stage compressor.

2. The refrigeration cycle device according to claim 1,
wherein the controller controls the flow rate adjust-
ment section to reduce the amount of the refrigerant
flowing through the bypass pipe, when the suction
superheat degree of the high-stage compressor is
equal to or lower than a predetermined value.

3. The refrigeration cycle device according to claim 1
or 2, wherein the controller controls the flow rate ad-
justment section to increase the amount of the re-
frigerant flowing through the bypass pipe, when the
suction superheat degree of the high-stage com-
pressor is higher than a predetermined value and
the discharge temperature of the high-stage com-
pressor is higher than the predetermined value.

4. The refrigeration cycle device according to claim 1
or 2, wherein the controller causes the flow rate ad-
justment section to maintain the amount of the re-
frigerant flowing through the bypass pipe, when the
suction superheat degree of the high-stage com-
pressor is higher than a predetermined value and
the discharge temperature of the high-stage com-
pressor is equal to or lower than the predetermined
value.
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The refrigeration cycle device according to any one
of claims 1 to 3, wherein the controller increases a
discharge pressure of the refrigerant which is dis-
charged from the low-stage compressor by control-
ling a rotational frequency of the low-stage compres-
sor or the high-stage compressor, when the suction
superheat degree of the high-stage compressor is
higher than a predetermined value and the discharge
temperature of the high-stage compressor or a dis-
charge pressure of the high-stage compressor is
higher than a predetermined value.

The refrigeration cycle device according to claim 5,
wherein the flow rate adjustment section is an ex-
pansion valve, and

the controller controls the rotational frequency of the
low-stage compressor or the high-stage compressor
when a degree of opening of the expansion valve
has reached a maximum opening degree, when the
discharge temperature ofthe high-stage compressor
orthe discharge pressure of the high-stage compres-
sor is higher than a predetermined value.

A method of controlling a refrigeration cycle device
having a refrigerant cycle in which a compression
section having a low-stage compressor and a high-
stage compressor, a condenser, an expansion sec-
tion, and an evaporator are connected by piping and
a refrigerant is circulated, the refrigeration cycle de-
vice including a bypass pipe which branches off from
a pipe connecting the condenser and the expansion
section and joins a pipe connecting the low-stage
compressor and the high-stage compressor, and a
flow rate adjustment section which is provided in the
bypass pipe and adjusts the amount of a refrigerant
flowing through the bypass pipe, the method com-
prising:

a step ofincreasing the amount of the refrigerant
flowing through the bypass pipe by controlling
the flow rate adjustment section when a dis-
charge temperature of the high-stage compres-
sor is higher than a predetermined value; and
a step of adjusting the amount of the refrigerant
flowing through the bypass pipe by controlling
the flow rate adjustment section, based ona suc-
tion superheat degree of the high-stage com-
pressor.

Amended claims under Art. 19.1 PCT

1. (Amended) A refrigeration cycle device having a
refrigerant cycle in which a compression section hav-
ing a low-stage compressor and a high-stage com-
pressor, a condenser, an expansion section, and an
evaporator are connected with one another by piping
and a refrigerant is circulated, the refrigeration cycle
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device comprising:

a bypass pipe which branches off from a pipe
connecting the condenser and the expansion
section with each other and joins a pipe con-
necting the low-stage compressor and the high-
stage compressor with each other;

a flow rate adjustment section which is provided
in the bypass pipe and adjusts the amount of a
refrigerant flowing through the bypass pipe; and
a controller which controls the flow rate adjust-
ment section to increase the amount of the re-
frigerant flowing through the bypass pipe, when
a discharge temperature of the high-stage com-
pressor is higher than a predetermined value,
and controls the flow rate adjustment section to
adjust the amount of the refrigerant flowing
through the bypass pipe, based on a suction su-
perheat degree of the high-stage compressor,
wherein the controller increases a discharge
pressure of the refrigerant which is discharged
from the low-stage compressor by controlling a
rotational frequency of the low-stage compres-
sor or the high-stage compressor, when the suc-
tion superheat degree of the high-stage com-
pressor is higher than a predetermined value
and the discharge temperature of the high-stage
compressor or a discharge pressure of the high-
stage compressor is higher than a predeter-
mined value.

2. The refrigeration cycle device according to claim
1, wherein the controller controls the flow rate ad-
justment section to reduce the amount of the refrig-
erant flowing through the bypass pipe, when the suc-
tion superheat degree of the high-stage compressor
is equal to or lower than a predetermined value.

3. The refrigeration cycle device according to claim
1 or 2, wherein the controller controls the flow rate
adjustment section to increase the amount of the re-
frigerant flowing through the bypass pipe, when the
suction superheat degree of the high-stage com-
pressor is higher than a predetermined value and
the discharge temperature of the high-stage com-
pressor is higher than the predetermined value.

4. The refrigeration cycle device according to claim
1 or 2, wherein the controller causes the flow rate
adjustment section to maintain the amount of the re-
frigerant flowing through the bypass pipe, when the
suction superheat degree of the high-stage com-
pressor is higher than a predetermined value and
the discharge temperature of the high-stage com-
pressor is equal to or lower than the predetermined
value.

5. (Deleted)
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6. (Amended) The refrigeration cycle device accord-
ing to claim 1, wherein the flow rate adjustment sec-
tion is an expansion valve, and

the controller controls the rotational frequency of the
low-stage compressor or the high-stage compressor
when a degree of opening of the expansion valve
has reached a maximum opening degree, when the
discharge temperature ofthe high-stage compressor
orthe discharge pressure of the high-stage compres-
sor is higher than a predetermined value.

7. (Amended) A method of controlling a refrigeration
cycle device having a refrigerant cycle in which a
compression section having alow-stage compressor
and a high-stage compressor, a condenser, an ex-
pansion section, and an evaporator are connected
by piping and a refrigerant is circulated, the refriger-
ation cycle device including a bypass pipe which
branches off from a pipe connecting the condenser
and the expansion section and joins a pipe connect-
ing the low-stage compressor and the high-stage
compressor, and a flow rate adjustment section
which is provided in the bypass pipe and adjusts the
amount of a refrigerant flowing through the bypass
pipe, the method comprising:

a step ofincreasing the amount of the refrigerant
flowing through the bypass pipe by controlling
the flow rate adjustment section when a dis-
charge temperature of the high-stage compres-
sor is higher than a predetermined value;

a step of adjusting the amount of the refrigerant
flowing through the bypass pipe by controlling
the flow rate adjustment section, based ona suc-
tion superheat degree of the high-stage com-
pressor; and

a step of increasing a discharge pressure of a
refrigerant which is discharged from the low-
stage compressor by controlling a rotational fre-
quency of the low-stage compressor or the high-
stage compressor, when the suction superheat
degree of the high-stage compressor is higher
than a predetermined value and the discharge
temperature of the high-stage compressor or a
discharge pressure of the high-stage compres-
sor is higher than a predetermined value.
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FIG. 4
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FIG. 5
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