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(67)  The present invention provides a refrigeration
cycle device and a liquid heating device having the same
including a heating operation mode for heating us-
age-side heat medium in a usage-side heat exchanger
22 by refrigerant discharged from a compression mech-
anism 21, and a defrosting operation mode for removing
frost of a heat source-side heat exchanger 24 by the re-
frigerant discharged from the compression mechanism
21. Inthe heating operation mode which is executed after
the defrosting operation mode is completed, at least for
a predetermined period during execution of the heating
operation mode, the control device 4 sets opening de-
grees of a first expansion device 23 and the second ex-
pansion device 31 to such values that a flow rate of re-
frigerant flowing through the first expansion device 23
becomes greater than a flow rate of refrigerant flowing
through the second expansion device 31, and a blowing
device 29 which supplies air to the heat source-side heat
exchanger 24 is operated. According to this, even when
the heating operation is executed in the usage-side heat
exchanger after the defrosting operation of the heat
source-side heat exchanger is completed, it is possible
to suppress deterioration of heating ability in the us-
age-side heat exchanger.

REFRIGERATION CYCLE DEVICE AND LIQUID HEATING DEVICE HAVING THE SAME

[Fig. 1]
1 Refrigeration cycle devics 23 First expansion device
2 Main refrigerant circuit 24 Heat source-side heat exchanger
3 Bypass refrigerant circuit 2€ intermediate heat exchanger
4 Confroi device 28 Temperature thermistor
5 Usage-side heat medium circuit 292 Blowing davice
16 Pipe 31 Second expansion device
21 Compression mechanism 51 Low pressure side dalecting saction

21a Low stage-side comprassion 52 High pressure side detecting section
rotation etement 53 Heat medium returning pipe

21b High stage-side compression 54 Heat medium going pipe
rotation slement 55 Conveying device

22 Usage-side heat exchangsr
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Description
[TECHNICAL FIELD]

[0001] The present invention relates to a refrigeration
cycle device and a liquid heating device having the same.

[BACKGROUND TECHNIQUE]

[0002] As arefrigeration cycle device of this kind, there
is conventionally disclosed a refrigeration cycle device
having a two-stage compression mechanism in which a
portion of refrigerant is expanded from a downstream
side of a usage-side heat exchanger, and intermediate
refrigerantis bypassed to a middle stage location of com-
pression of the two-stage compression mechanism (see
patent document 1 for example).

[0003] Fig. 4 shows the conventional refrigeration cy-
cle device described in patent document 1.

[0004] AsshowninFig.4,the refrigerationcycle device
100 includes a refrigerant circuit 110 through which re-
frigerantis circulated, and a rear stage-side injection pipe
120. A compression mechanism 111 having a plurality
of compression rotation elements which are connected
to one another in series, a heat source-side heat ex-
changer 112, expansion mechanisms 113a and 113b
and a usage-side heat exchanger 114 are annularly con-
nected to the refrigerant circuit 110 through a pipe. The
refrigerant circuit 110 includes a switching mechanism
115 for switching over between a heating operation and
a cooling operation.

[0005] The refrigeration cycle device 100 is provided
with an intermediate refrigerant pipe 116 for allowing re-
frigerant discharged from a front stage-side compression
rotation element to be sucked into a rear stage-side com-
pression rotation element. The intermediate refrigerant
pipe 116 is provided with an intermediate cooler 117
which functions as a cooler of refrigerant discharged from
the front stage-side compression rotation element and
sucked into the rear stage-side compression rotation el-
ement. The intermediate refrigerant pipe 116 is provided
with an intermediate cooler bypass pipe 130. The inter-
mediate cooler bypass pipe 130 is connected such that
refrigerant discharged from the front stage-side com-
pression rotation element bypasses the intermediate
cooler 117.

[0006] The rear stage-side injection pipe 120 is con-
nected such that refrigerant which branches off from the
refrigerant circuit 110 between the heat source-side heat
exchanger 112 and the usage-side heat exchanger 114
returns to the rear stage-side compression rotation ele-
ment of the compression mechanism 111. The injection
pipe 120 is provided with a rear stage-side injection valve
121 whose opening degree can be controlled.

[0007] Further, the refrigeration cycle device 100 car-
ries outareverse cycle defrosting operation for defrosting
the heat source-side heat exchanger 112 by switching
the switching mechanism 115 into the cooling operation.
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In the reverse cycle defrosting operation, refrigerant is
made to flow into the heat source-side heat exchanger
112, the intermediate cooler 117 and the rear stage-side
injection pipe 120. If it is detected that the defrosting op-
eration of the intermediate cooler 117 is completed during
the reverse cycle defrosting operation, control is per-
formed such that refrigerant does not flow into the inter-
mediate cooler 117 using the intermediate cooler bypass
pipe 130, and control is performed such that the opening
degree of the rear stage-side injection valve 121 is in-
creased.

[PRIOR ART DOCUMENT]
[PATENT DOCUMENT]

[0008] [Patent Document1] Japanese Patent Applica-
tion Laid-open N0.2009-133581

[SUMMARY OF THE INVENTION]
[PROBLEM TO BE SOLVED BY THE INVENTION]

[0009] However, in the above-described conventional
refrigeration cycle device, although deterioration of per-
formance of the device caused by defrosting ability can
be suppressed, there is no disclosure concerning the op-
eration control when a heating operation is started after
the defrosting operation of the heat source-side heat ex-
changer is completed.

[0010] The present invention has been accomplished
to solve the above-described conventional problem, and
it is an object of the invention to provide a refrigeration
cycle device and a liquid heating device having the same
capable of suppressing deterioration of the heating ability
in the usage-side heat exchanger also when the heating
operation in the usage-side heat exchanger is executed
after the defrosting operation of the heat source-side heat
exchanger is completed.

[MEANS FOR SOLVING THE PROBLEM]

[0011] To solve the above-described conventional
problem, the present invention provides a refrigeration
cycle device including: a main refrigerant circuit formed
by sequentially connecting, to one another through a
pipe, a compression mechanism composed of compres-
sion rotation elements, a usage-side heat exchanger for
heating usage-side heat medium by refrigerant dis-
charged from the compression rotation element, an in-
termediate heat exchanger, a first expansion device and
a heat source-side heat exchanger; a bypass refrigerant
circuit which exchanges heat with refrigerant flowing
through the main refrigerant circuit by the intermediate
heat exchanger after refrigerant branching off from the
pipe between the usage-side heat exchanger and the
first expansion device is decompressed by the second
expansion device, the bypass refrigerant circuit joining
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up with refrigerant which is being compressed of the com-
pression rotation element; a blowing device for supplying
air to the heat source-side heat exchanger; and a control
device, wherein the refrigeration cycle device further in-
cludes a heating operation mode for heating the usage-
side heat medium in the usage-side heat exchanger by
refrigerant discharged from the compression rotation el-
ement, and a defrosting operation mode for removing
frost of the heat source-side heat exchanger by refriger-
ant discharged from the compression rotation element,
and in the heating operation mode which is executed
after the defrosting operation mode is completed, at least
for a predetermined period during execution of the heat-
ing operation mode, the control device sets opening de-
grees of the first expansion device and the second ex-
pansion device to such values that a flow rate of refrig-
erant flowing through the first expansion device becomes
greater than a flow rate of refrigerant flowing through the
second expansion device, and the blowing device is op-
erated.

[0012] According to this, by reducing the flow rate of
the refrigerant flowing through the second expansion de-
vice, the temperature of the refrigerant discharged from
the compression mechanism can be increased.

[0013] By increasing the flow rate of the refrigerant
flowing through the first expansion device, density of the
refrigerant sucked into the compression mechanism can
be increased. Therefore, it is possible to secure the flow
rate of the refrigerant flowing through the usage-side heat
exchanger.

[0014] That is, during execution of the heating opera-
tion mode, the control device can secure the flow rate of
the refrigerant flowing through the usage-side heat ex-
changer while rising the temperature of the refrigerant
discharged from the compression rotation element by
setting the opening degree of the first expansion device
and the opening degree of the second expansion device
to such a value that the flow rate of the refrigerant flowing
through the first expansion device becomes greater than
the flow rate of the refrigerant flowing through the second
expansion device at least during a predetermined period,
anditis possible to suppress the deterioration of the heat-
ing ability in the usage-side heat exchanger in the heating
operation mode which is executed after the defrosting
operation mode is completed.

[0015] Further, by operating the blowing device which
supplies air to the heat source-side heat exchanger, it is
possible to enhance the heat absorbing effect in the heat
source-side heat exchanger, and to enhance the heating
ability in the usage-side heat exchanger.

[EFFECT OF THE INVENTION]

[0016] Accordingtothe presentinvention, itis possible
to provide a refrigeration cycle device and a liquid heating
device having the same capable of suppressing the de-
terioration of the heating ability in the usage-side heat
exchanger even when the heating operation in the usage-
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side heat exchanger is executed after the defrosting op-
eration of the heat source-side heat exchanger is com-
pleted.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0017]

Fig. 1 is a block diagram of a liquid heating device
in an embodiment of the present invention;

Fig. 2 is a Mollier diagram when a heating operation
mode is executed after a defrosting operation mode
of a refrigeration cycle device is executed;

Fig. 3 is a flow chart showing control when the heat-
ing operation mode is executed after the defrosting
operation mode of the refrigeration cycle device is
executed; and

Fig. 4 is a block diagram of a conventional refriger-
ation cycle device.

[MODE FOR CARRYING OUT THE INVENTION]

[0018] A first aspect of the present invention provides
a refrigeration cycle device including: a main refrigerant
circuit formed by sequentially connecting, to one another
through a pipe, a compression mechanism composed of
compression rotation elements, a usage-side heat ex-
changer for heating usage-side heat medium by refrig-
erantdischarged from the compression rotation element,
an intermediate heat exchanger, a first expansion device
and a heat source-side heat exchanger; a bypass refrig-
erant circuit which exchanges heat with refrigerant flow-
ing through the main refrigerant circuit by the intermedi-
ate heat exchanger after refrigerant branching off from
the pipe between the usage-side heat exchanger and the
first expansion device is decompressed by the second
expansion device, the bypass refrigerant circuit joining
up with refrigerant which is being compressed of the com-
pression rotation element; a blowing device for supplying
air to the heat source-side heat exchanger; and a control
device, wherein the refrigeration cycle device further in-
cludes a heating operation mode for heating the usage-
side heat medium in the usage-side heat exchanger by
refrigerant discharged from the compression rotation el-
ement, and a defrosting operation mode for removing
frost of the heat source-side heat exchanger by refriger-
ant discharged from the compression rotation element,
and in the heating operation mode which is executed
after the defrosting operation mode is completed, at least
for a predetermined period during execution of the heat-
ing operation mode, the control device sets opening de-
grees of the first expansion device and the second ex-
pansion device to such values that a flow rate of refrig-
erant flowing through the first expansion device becomes
greater than a flow rate of refrigerant flowing through the
second expansion device, and the blowing device is op-
erated.

[0019] According to this, by reducing the flow rate of
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the refrigerant flowing through the second expansion de-
vice, the temperature of the refrigerant discharged from
the compression mechanism can be increased.

[0020] By increasing the flow rate of the refrigerant
flowing through the first expansion device, density of the
refrigerant sucked into the compression mechanism can
be increased. Therefore, it is possible to secure the flow
rate of the refrigerant flowing through the usage-side heat
exchanger.

[0021] That is, during execution of the heating opera-
tion mode, the control device can secure the flow rate of
the refrigerant flowing through the usage-side heat ex-
changer while rising the temperature of the refrigerant
discharged from the compression rotation element by
setting the opening degree of the first expansion device
and the opening degree of the second expansion device
to such a value that the flow rate of the refrigerant flowing
through the first expansion device becomes greater than
the flow rate of the refrigerant flowing through the second
expansion device atleast during a predetermined period,
anditis possible to suppress the deterioration of the heat-
ing ability in the usage-side heat exchanger in the heating
operation mode which is executed after the defrosting
operation mode is completed.

[0022] Further, by operating the blowing device which
supplies air to the heat source-side heat exchanger, it is
possible to enhance the heat absorbing effect in the heat
source-side heat exchanger, and to enhance the heating
ability in the usage-side heat exchanger.

[0023] Therefore, the heating ability can be enhanced
even in the heating operation mode after the defrosting
operation mode under a high humidity outside air tem-
perature condition having a high frosting amount is exe-
cuted, and it is possible to provide a refrigeration cycle
device capable of to suppress the deterioration of the
heating ability of the heating operation.

[0024] According to a second aspect of the invention,
especially inthefirstaspect, the refrigeration cycle device
further includes a high pressure side detecting section
for detecting temperature of refrigerant on a high pres-
sure side of the main refrigerant circuit or pressure of
refrigerant on the high pressure side of the main refrig-
erant circuit, wherein the predetermined period is such
a period that a detected value of the high pressure side
detecting section is equal to or smaller than a predeter-
mined value.

[0025] Accordingtothis,itcanbe determinedthatheat-
ing ability in the usage-side heat exchanger cannot suf-
ficiently be secured until temperature or pressure of re-
frigerant which is discharged from the compression
mechanism and which flows into the usage-side heat ex-
changer to a preset predetermined value. In this case,
the opening degree of the first expansion device and the
opening degree of the second expansion device are set
to such a value that the flow rate of the refrigerant flowing
through the first expansion device becomes greater than
the flow rate of the refrigerant flowing through the second
expansion device.
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[0026] According to a third aspect of the invention, es-
pecially in the first aspect, the predetermined period is
time elapsed after the heating operation mode is started.
[0027] According to this, the predetermined period is
set as time which is started when the heating operation
mode is started and which is elapsed when the opening
degree of the first expansion device and the opening de-
gree of the second expansion device are set to such a
value that the flow rate of the refrigerant flowing through
the first expansion device becomes greater than the flow
rate of the refrigerant flowing through the second expan-
sion device. With this, it is possible to suppress the de-
terioration of the heating ability in the usage-side heat
exchanger even when the heating operation inthe usage-
side heat exchanger is executed after the defrosting op-
eration of the heat source-side heat exchanger is com-
pleted.

[0028] According to a fourth aspect of the invention,
especially in any one of the first to third aspects, in the
defrosting operation mode, refrigerant discharge from
the compression rotation element flows through the us-
age-side heat exchanger, the first expansion device and
the heat source-side heat exchanger in this order.
[0029] According to this, even during execution of the
defrosting operation mode, high temperature discharged
refrigerant flows into the usage-side heat exchanger.
Therefore, temperature drop of the usage-side heat ex-
changer is suppressed, and temperature rise of the us-
age-side heat exchanger can be facilitated in the heating
operation mode which is executed after the defrosting
operation mode is completed, and the heating ability can
be enhanced quickly even in the heating operation mode
after the defrosting operation mode under the high hu-
midity outside air temperature condition having a high
frosting amount is executed.

[0030] According to a fifth aspect of the invention, es-
pecially in any one of the first to fourth aspects, carbon
dioxide is used as the refrigerant.

[0031] According to this, as compared with a case
where fluorocarbon-based refrigerant is used, an en-
thalpy difference of refrigerant in the heat source-side
heat exchanger is largely increased, and it is possible to
increase the temperature of usage-side heat medium in
the usage-side heat exchanger.

[0032] A sixth aspect of the invention provides a liquid
heating device including the refrigeration cycle device
according to any one of the first to fifth aspects, and a
usage-side heat medium circuit through which the usage-
side heat medium is circulated by a conveying device.
[0033] Accordingtothis, itis possible to provide a liquid
heating device capable of increasing the embodiment of
the usage-side heat medium when the usage-side heat
medium is heated by refrigerant.

[0034] An embodiment of the present invention will be
described below with reference to the drawings. The in-
vention is not limited to the embodiment.
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(Embodiment)

[0035] Fig. 1is a block diagram of a liquid heating de-
vice inan embodiment of the presentinvention. The liquid
heating device is composed of a refrigeration cycle de-
vice 1, a usage-side heat medium circuit 5 and a control
device 4 which controls an operation of the liquid heating
device.

[0036] The refrigeration cycle device 1 is composed of
amain refrigerant circuit 2 and a bypass refrigerant circuit
3.

[0037] The main refrigerant circuit 2 is formed by con-
necting, to one another through pipes 16, a compression
mechanism 21, a usage-side heat exchanger 22 which
is a radiator, an intermediate heat exchanger 26 which
is a cooling heat exchanger, a first expansion device 23
which is a main expansion valve, and a heat source-side
heat exchanger 24 which is an evaporator. Carbon diox-
ide (CO2) is used as refrigerant. A blowing device 29
supplies air to the heat source-side heat exchanger 24.
[0038] It is most suitable to use the carbon dioxide as
the refrigerant, but it is also possible to use non-azeo-
tropic refrigerant mixture such as R407, pseudoazeo-
tropic refrigerant mixture such as R410A, and single re-
frigerant such as R32.

[0039] The compression mechanism 21 which com-
presses refrigerantis composed of a low stage-side com-
pressionrotation element21aand a high stage-side com-
pression rotation element 21b. The usage-side heat ex-
changer 22 heats the usage-side heat medium by refrig-
erant which is discharged from the high stage-side com-
pression rotation element 21b.

[0040] Although this embodiment is described using
the compression mechanism 21 which is composed of
the low stage-side compression rotation element21aand
the high stage-side compression rotation element 21b,
the presentinvention can also be applied to a single com-
pression rotation element.

[0041] When the single compression rotation element
is used, a position where refrigerant from the bypass re-
frigerant circuit 3 joins up is defined as a middle stage
location of compression of a compression rotation ele-
ment, a compression rotation element up to the position
where the refrigerant from the bypass refrigerant circuit
3 joins up is defined as the low stage-side compression
rotation element 21a, and a compression rotation ele-
ment after the former position where the refrigerant from
the bypass refrigerant circuit 3 joins up is defined as the
high stage-side compression rotation element 21b.
[0042] The compression mechanism 21 may be com-
posed of the low stage-side compression rotation ele-
ment 21a and the high stage-side compression rotation
element 21b each of which is composed of two compres-
Ssors.

[0043] The bypass refrigerant circuit 3 branches off
from the pipe 16 between the usage-side heat exchanger
22 and the first expansion device 23, and is connected
to the pipe 16 between the low stage-side compression

10

15

20

25

30

35

40

45

50

55

rotation element 21a and the high stage-side compres-
sion rotation element 21b.

[0044] The bypass refrigerant circuit 3 is provided with
a second expansion device 31 which is a bypass expan-
sion valve. A portion of high pressure refrigerant after it
passes through the usage-side heat exchanger 22 or a
portion of high pressure refrigerantafter it passes through
the intermediate heat exchanger 26 is decompressed by
the second expansion device 31 and becomes interme-
diate pressure refrigerant. Thereafter, the intermediate
pressure refrigerant exchanges heat with high pressure
refrigerant which flows through the main refrigerant cir-
cuit 2 in the intermediate heat exchanger 26, and joins
up with refrigerant between the low stage-side compres-
sion rotation element 21a and the high stage-side com-
pression rotation element 21b.

[0045] Inthe usage-side heat medium circuit 5, a heat
medium returning pipe 53 and a heat medium going pipe
54 are connected to the usage-side heat exchanger 22.
The heat medium returning pipe 53 is provided with a
conveying device 55 which is a conveying pump.
[0046] By operating the conveying device 55, usage-
side heat medium is supplied to the usage-side heat ex-
changer 22 through the heat medium returning pipe 53,
usage-side heat medium heated by the usage-side heat
exchanger 22 is supplied from the heat medium going
pipe 54 to a hot water tank (not shown) or a heater (not
shown) of a floor heating for example.

[0047] According to this, a room is heated or hot water
is supplied. Thereafter, the usage-side heat medium
again returns to the usage-side heat exchanger 22
through the heat medium returning pipe 53. Water or an-
tifreeze liquid is used as the usage-side heat medium.
[0048] The pipe 16 on the high pressure side of the
main refrigerant circuit 2 which connects a discharge side
of the compression mechanism 21 and the first expan-
sion device 23 to each other is provided with a high pres-
sure side pressure sensor 52. The high pressure side
pressure sensor 52 detects evaporating pressure on the
high pressure side as a high pressure side detecting sec-
tion.

[0049] A discharge temperature thermistor (not
shown) may be used as the high pressure side detecting
section. The discharge temperature thermistor is provid-
ed in the pipe 16 on the high pressure side of the main
refrigerant circuit 2 which connects a discharge side of
the compression mechanism 21 of the main refrigerant
circuit 2 and the usage-side heat exchanger 22 to each
other, and detects temperature of refrigerant which is dis-
charged from the compression mechanism 21.

[0050] The pipe 16 on the low pressure side of the main
refrigerant circuit 2 which connects a downstream side
of the first expansion device 23 and a suction side of the
compression mechanism 21 is provided with a low pres-
sure side pressure sensor 51. The low pressure side
pressure sensor 51 detects low pressure side evaporat-
ing pressure as the low pressure side detecting section.
[0051] An evaporating temperature thermistor (not
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shown) may be used as the low pressure side detecting
section. The evaporating temperature thermistor is pro-
vided in the pipe 16 on the low pressure side of the main
refrigerant circuit 2 which connects the downstream side
of the first expansion device 23 and the suction side of
the compression mechanism 21 to each other, and de-
tects evaporating temperature of refrigerant which is in
a low pressure side gas-liquid two-layer state.

[0052] A temperature thermistor 28 is provided around
the heat source-side heat exchanger 24. By operating
the blowing device 29, the temperature thermistor 28 de-
tects temperature of air which supplies heat to the heat
source-side heat exchanger 24.

[0053] The refrigeration cycle device 1 of the embod-
iment includes a heating operation mode which is a nor-
mal operation mode. The heating operation mode oper-
ates the conveying device 55, allows the usage-side heat
medium to circulate in the usage-side heat medium circuit
5, and heats the usage-side heat medium in the usage-
side heat exchanger 22 by refrigerant discharged from
the high stage-side compression rotation element 21b of
the compression mechanism 21.

[0054] Further, the refrigeration cycle device 1 also in-
cludes a defrosting operation mode for defrosting the
heat source-side heat exchanger 24 by refrigerant dis-
charged from the high stage-side compression rotation
element 21b of the compression mechanism 21.

[0055] In the defrosting operation mode, when pres-
sure detected by the low pressure side pressure sensor
51 becomes equal to or lower than a first predetermined
value or temperature detected by the evaporating tem-
perature thermistor becomes equal to or lower than a
second predetermined value, or when execution time of
the heating operation mode is continued for predeter-
mined time or longer in a state where temperature of air
which supplies heat to the heat source-side heat ex-
changer 24 detected by the temperature thermistor 28 is
equal to or lower than a third predetermined value, it is
determined that the heat source-side heat exchanger 24
is frosted.

[0056] The frost which is adhered to the heat source-
side heat exchanger 24 is melted and removed by heat
of refrigerant discharged from the high stage-side com-
pression rotation element 21b of the compression mech-
anism 21.

[0057] In Fig. 1, solid arrows show flowing directions
of refrigerant when the normal heating operation mode
is executed. Variation of a state of refrigerant when the
normal heating operation mode is executed will be de-
scribed below.

[0058] High pressure refrigerant discharged from the
compression mechanism 21 flows into the usage-side
heat exchanger 22, and releases heat to the usage-side
heat medium which passes through the usage-side heat
exchanger 22. High pressure refrigerant which flows out
from the usage-side heat exchanger 22 is distributed to
the intermediate heat exchanger 26 and the second ex-
pansion device 31. High pressure refrigerant which flows
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into the intermediate heat exchanger 26 is cooled by the
intermediate pressure refrigerant which is decom-
pressed by the second expansion device 31.

[0059] The high pressure refrigerant distributed to the
first expansion device 23 is decompressed and expand-
ed by the first expansion device 23 and thereafter, the
refrigerant flows into the heat source-side heat exchang-
er 24. The low pressure refrigerant which flows into the
heat source-side heatexchanger 24 exchanges heat with
air supplied into the heat source-side heat exchanger 24
by the blowing device 29 and absorbs heat.

[0060] The high pressure refrigerant distributed to the
second expansion device 31 is decompressed and ex-
panded by the second expansion device 31 and there-
after, the refrigerant flows into the intermediate heat ex-
changer 26. The intermediate pressure refrigerant which
flows into the intermediate heat exchanger 26 is heated
by high pressure refrigerant which flows out from the us-
age-side heat exchanger 22.

[0061] Thereafter, the intermediate pressure refriger-
ant which flows out from the intermediate heat exchanger
26 joins up with intermediate pressure refrigerant which
is discharged from the low stage-side compression rota-
tion element 21a of the compression mechanism 21, and
is sucked into the high stage-side compression rotation
element 21b.

[0062] According to the refrigeration cycle device 1 of
the embodiment, a portion of high pressure refrigerant
bypasses through the intermediate heat exchanger 26
at the time of the heating operation, and a compressing
force of the low stage-side compression rotation element
21ais reduced.

[0063] Density of refrigerant is increased by reduction
in enthalpy of suction refrigerant of the high stage-side
compression rotation element 21b of the compression
mechanism 21, and this increase of density increases a
flow rate of refrigerant flowing through the usage-side
heat exchanger 22, and enhances heating ability or co-
efficient of performance.

[0064] However, if the heating operation mode is exe-
cuted in this manner, moisture and the like in air is frozen
and frost is generated in the heat source-side heat ex-
changer 24, and heating ability or the coefficient of per-
formance is deteriorated by deterioration of heat conduc-
tivity of the heat source-side heat exchanger 24.

[0065] Therefore, when pressure detected by the low
pressure side pressure sensor 51 becomes equal to or
lower than the first predetermined value or temperature
detected by the evaporating temperature thermistor be-
comes equal to or lower than the second predetermined
value, or when execution time of the heating operation
mode is continued for predetermined time or longer in
the state where temperature of air which supplies heat
to the heat source-side heat exchanger 24 detected by
the temperature thermistor 28 is equal to or lower than
the third predetermined value, it is determined that the
heat source-side heat exchanger 24 is frosted.

[0066] Hence,itis necessary to execute the defrosting
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operation mode for melting and removing frost adhering
to the heat source-side heat exchanger 24 by means of
heat of refrigerant discharged from the high stage-side
compression rotation element 21b of the compression
mechanism 21.

[0067] As a typical defrosting operation mode, there is
a reverse cycle defrosting type defrosting operation
mode. In the reverse cycle defrosting type defrosting op-
eration mode, flow paths with which a four-way valve is
in communication are switched when the heating oper-
ation mode is executed, thereby reversing a circulation
direction of refrigerant. Thatis, high temperature and high
pressure refrigerant discharged from the compression
mechanism 21 is made to flow into the heat source-side
heatexchanger 24, and frost of the heat source-side heat
exchanger 24 is melted by condensation heat of the high
temperature and high pressure refrigerant.

[0068] There also exists a hot gas defrosting type de-
frosting operation mode in which a four-way valve is not
switched and the same flow path as that when the heating
operation mode is executed is used, and high tempera-
ture and high pressure refrigerant discharged from the
compression mechanism 21 is made to flow into the us-
age-side heat exchanger 22. In the hot gas defrosting
type defrosting operation mode, a valve opening degree
of the first expansion device 23 is made large, high tem-
perature and high pressure gas refrigerant discharged
from the compression mechanism 21 is made to pass
through the first expansion device 23 without decom-
pressing the gas refrigerant and thereafter, the gas re-
frigerant is made to flow into the heat source-side heat
exchanger 24 to melt frost of the heat source-side heat
exchanger 24.

[0069] In this embodiment, the defrosting operation
mode is executed using the hot gas defrosting type de-
frosting operation mode. Variation of a state of refrigerant
in this case will be described below using Fig. 1.

[0070] Broken arrows in Fig. 1 show flowing directions
of refrigerant when the defrosting operation mode is ex-
ecuted using the hot gas defrosting type defrosting op-
eration mode.

[0071] High pressure refrigerant discharged from the
compression mechanism 21 flows into the usage-side
heat exchanger 22, the refrigerant which flows out from
the usage-side heat exchanger 22 passes through the
first expansion device 23 and then, the refrigerant flows
into the heat source-side heat exchanger 24, releases
heat to deposited frost and melts the frost. Thereafter,
the refrigerant flows out from the heat source-side heat
exchanger 24 and again returns to the compression
mechanism 21.

[0072] In this case, also during execution of the de-
frosting operation mode, since high temperature dis-
charged refrigerant flows into the usage-side heat ex-
changer 22, temperature drop of the usage-side heat ex-
changer 22 is suppressed, and enhancement of the heat-
ing ability in the heating operation mode which is started
after the defrosting operation mode is executed becomes
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faster as compared with the reverse cycle defrosting op-
eration.

[0073] Toenhancethedefrosting efficiency, circulation
of the usage-side heat medium which flows through the
usage-side heat exchanger 22 is stopped. That is, the
operation of the conveying device 55 is stopped or the
number of operational rotations of the conveying device
55 is reduced, and a flow rate of the usage-side heat
medium flowing through the usage-side heat exchanger
22 is reduced.

[0074] To enhance the defrosting efficiency, in order
to reduce heat quantity which is released to the usage-
side heat medium, or in order to suppress the tempera-
ture drop of refrigerant which flows into the heat source-
side heat exchanger 24, a valve opening degree of the
first expansion device 23 is increased and a decompres-
sion amount is reduced.

[0075] The defrosting operation mode is absolutely
necessary to stably continue the heating operation mode
as described above.

[0076] During execution of the defrosting operation
mode on the other hand, since the operation of the blow-
ing device 29 is stopped or the number of operational
rotations thereof is reduced, heat is not absorbed in the
heat source-side heat exchanger 24.

[0077] Accordingto this, since heataccumulatedinthe
compression mechanism 21 whose temperature is in-
creased in the heating operation mode is utilized by re-
frigerant discharged from the compression mechanism
21 for melting frost which adheres to the heat source-
side heat exchanger 24, temperature of the compression
mechanism 21 and refrigerant drops.

[0078] As a result, when the heating operation mode
is started after the defrosting operation mode is complet-
ed, temperature of refrigerant which is discharged from
the compression mechanism 21 and which flows into the
usage-side heatexchanger 22 is not sufficiently high with
respect to temperature of the usage-side heat medium.
Therefore, the heating ability is deteriorated.

[0079] There are problems that by the temperature
drop of the usage-side heat medium which is caused
when the heating ability is deteriorated, room-heating
ability and coefficient of performance by the usage-side
heat medium are deteriorated for example.

[0080] To solve these problems, it is necessary to in-
crease the temperature of refrigerant which is com-
pressed by the compression mechanism 21 when the
heating operation mode is started after the defrosting op-
eration mode is completed.

[0081] Hence, in this embodiment, when the heating
operation mode for allowing the conveying device 55 to
start the normal operation is started after the defrosting
operation mode is completed, the control device 4 adjusts
valve opening degrees of the first expansion device 23
and the second expansion device 31 such that a flow
rate of refrigerant flowing through the first expansion de-
vice 23 becomes greater than a flow rate of refrigerant
flowing through second expansion device 31.
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[0082] Accordingtothis, enthalpy of refrigerant sucked
into the high stage-side compression rotation element
21b of the compression mechanism 21 increases from a
point b to a point b’, and enthalpy of refrigerant dis-
charged from the high stage-side compression rotation
element 21b also increases from a point ¢ to a point ¢’
as shown in Fig. 2. According to this, discharge temper-
ature rises, and a temperature difference with respect to
the usage-side heat medium increases.

[0083] By increasing a flow rate of refrigerant flowing
on the side of the first expansion device 23, density of
refrigerant sucked into the low stage-side compression
rotation element 21a increases. Therefore, it is possible
to sufficiently secure a flow rate of refrigerant which is
discharged from the compression mechanism 21 and
which flows into the usage-side heat exchanger 22.
[0084] When the heating operation mode is started af-
ter the defrosting operation mode is completed, endo-
thermic quantity in the heat source-side heat exchanger
24 increases by operating the blowing device 29, suction
pressure of the compression mechanism 21 rises from
the point a to the point a’, and suction temperature also
rises.

[0085] According to this, it is possible to swiftly rise
temperature of refrigerant discharged from the compres-
sion mechanism 21 even in a state where refrigerant
flows through the second expansion device 31.

[0086] As described above, the control device 4 ap-
propriately adjusts a flow rate ratio of a flow rate of re-
frigerant flowing through the first expansion device 23
and a flow rate of refrigerant flowing through the second
expansion device 31.

[0087] That is, by appropriately adjusting the valve
opening degree of the first expansion device 23 and the
valve opening degree of the second expansion device
31, refrigerant discharged from the low stage-side com-
pression rotation element 21a of the compression mech-
anism 21 is sucked into the high stage-side compression
rotation element 21b without being excessively cooled
by refrigerant flowing into the bypass refrigerant circuit
3, and temperature of refrigerant discharged from the
compression mechanism 21 rises.

[0088] Further, by operating the blowing device 29, en-
dothermic quantity in the heat source-side heatexchang-
er 24 increases, and discharge temperature rise of re-
frigerant from the compression mechanism 21 is facili-
tated.

[0089] According to this, since the heating ability rises,
it is possible to immediately rise the heating ability in the
heating operation mode which is executed after the de-
frosting operation mode is completed in a state where
deterioration of coefficient of performance is suppressed.
[0090] Operation of the valve opening degrees of the
first expansion device 23 and the second expansion de-
vice 31 in the heating operation mode which is executed
after the defrosting operation mode is completed will be
described based on a flow chart shown in Fig. 3.
[0091] First, the control device 4 executes the defrost-
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ing operation mode to melt frost adhering to the heat
source-side heat exchanger 24 and thereafter, the exe-
cution of the defrosting operation mode is completed
(step S1).

[0092] At that time, an operating state of the blowing
device 29 is detected (step S2). When the blowing device
29 is stopped, operation of the blowing device 29 is start-
ed, and when the blowing device 29 is operated, the op-
eration of the blowing device 29 is continued (step S3).
[0093] Then, the valve opening degree of the first ex-
pansion device 23 and the valve opening degree of the
second expansion device 31 are set in a state where the
compression mechanism 21 is operated such that these
valve opening degrees respectively become Om and Ob
which are previously set in the control device 4 (step S4).
[0094] The valve opening degree Om of the first ex-
pansion device 23 and the valve opening degree Ob of
the second expansion device 31 are such opening de-
grees that a flow rate Gm of refrigerant flowing through
the first expansion device 23 becomes greater than a
flow rate Gb of refrigerant flowing through the second
expansion device 31 (step S4).

[0095] When the defrosting operation mode is execut-
ed, the valve opening degree of the first expansion device
23 is set substantially maximum and the valve opening
degree of the second expansion device 31 is set sub-
stantially minimum, and high temperature and high pres-
sure gas refrigerant discharged from the compression
mechanism 21 is made to flow into the heat source-side
heat exchanger 24.

[0096] Therefore, when the heating operation mode for
allowing the conveying device 55 to start the normal op-
erationin step S4 is started, the control device 4 operates
the valve opening degree of the first expansion device
23intoa closing direction and operates the valve opening
degree of the second expansion device 31 into an open-
ing direction or does not operate the second expansion
device 31 and maintains its substantially minimum open-
ing degree.

[0097] That is, when the heating operation mode for
allowing the conveying device 55 to start the normal op-
eration is started, the control device 4 sets the valve
opening degrees of the first expansion device 23 and the
second expansion device 31 such that the flow rate of
refrigerant flowing through the first expansion device 23
becomes greater than the flow rate of refrigerant flowing
through the second expansion device 31.

[0098] Alternatively, it is also possible to normally op-
erate the conveying device 55 and start the heating op-
eration mode after the valve opening degrees of the first
expansion device 23 and the second expansion device
31 respectively become Om and Ob which are previously
set in the control device 4.

[0099] That is, the control device 4 may normally op-
erate the conveying device 55 and start the heating op-
eration mode after the valve opening degrees of the first
expansion device 23 and the second expansion device
31 are set such that the flow rate of refrigerant flowing
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through the first expansion device 23 becomes greater
than the flow rate of refrigerant flowing through the sec-
ond expansion device 31.

[0100] Next, the control device 4 detects high pressure
side pressure Pd of the main refrigerant circuit 2 by the
high pressure side pressure sensor 52 which is the high
pressure side detecting section (step S5).

[0101] Then, the high pressure side pressure sensor
52 detects the high pressure side pressure Pd of the main
refrigerant circuit 2, i.e., detects discharge pressure of
the compression mechanism 21 (discharge pressure of
high stage-side compression rotation element 21b), and
it is determined whether the detected value is equal to
or smaller than a preset fourth predetermined value (pre-
determined pressure Pdt) (step S6) .

[0102] When YES in step S6, i.e., when the discharge
pressure Pd is equal to or smaller than Pdt which is a
second predetermined value, the valve opening degree
of the first expansion device 23 and the valve opening
degree of the second expansion device 31 are main-
tained as Om and Ob which are previously set in the
control device 4.

[0103] That is, a state where the flow rate Gm of re-
frigerant flowing through the first expansion device 23
becomes greater than the flow rate Gb of refrigerant flow-
ing through the second expansion device 31 is continued.
[0104] When NO in step S6 on the other hand, i.e.,
when the discharge pressure Pd is higher than Pdt which
is the second predetermined value, the control for making
the valve opening degrees of the first expansion device
23 and the second expansion device 31 equal to Om and
Ob which are previously set in the control device 4 is
dissolved.

[0105] That s, control is shifted to operation control of
the valve opening degree of the first expansion device
23 andthe valve opening degree of the second expansion
device 31 in the normal heating operation mode, and the
heating operation mode is continued.

[0106] As the high pressure side detecting section, a
discharge temperature thermistor (not shown) which de-
tects temperature of refrigerant discharged from the com-
pression mechanism 21 may be used instead of the high
pressure side pressure sensor 52. The discharge tem-
perature thermistor is provided in the pipe 16 on the high
pressure side of the main refrigerant circuit 2 which con-
nects the discharge side of the compression mechanism
21 of the main refrigerant circuit 2 and the usage-side
heat exchanger 22 to each other.

[0107] In this case, like the flow chart shown in Fig. 3
using the high pressure side pressure sensor 52, during
a period when a detected value of the discharge temper-
ature thermistor is equal to or lower than a fifth predeter-
mined value, the valve opening degrees of the first ex-
pansion device 23 and the second expansion device 31
are set such that the flow rate of refrigerant flowing
through the first expansion device 23 becomes greater
than the flow rate of refrigerant flowing through the sec-
ond expansion device 31.
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[0108] Within predetermined time after the heating op-
eration mode is started, the valve opening degrees of the
first expansion device 23 and the second expansion de-
vice 31 may be set such that the flow rate of refrigerant
flowing through the first expansion device 23 becomes
greater than the flow rate of refrigerant flowing through
the second expansion device 31.

[0109] Inthis case, after predeterminedtime is elapsed
from the start of the heating operation mode, control is
shifted to the operation control of the valve opening de-
grees of the first expansion device 23 and the second
expansion device 31 in the normal heating operation
mode, and the heating operation mode is continued.
[0110] In this embodiment, the valve opening degree
Om of the first expansion device 23 and the valve opening
degree Ob of the second expansion device 31 are pre-
viously set in the control device 4, but the flow rates may
be actually detected and control may be performed such
that the flow rate Gm of the main refrigerant becomes
greater than the flow rate Gb of the bypass refrigerant.
[0111] As a flow rate detecting device (not shown) in
this case, flowmeters may be provided in a refrigerant
circuitand a bypass path on the side of the first expansion
device 23, or flow rates of refrigerants may be calculated
from functions of a pressure difference and opening de-
grees of outlet and inlet ports of the expansion valves.
[0112] It is not absolutely necessary that the bypass
refrigerant circuit 3 is branched off from the main refrig-
erant circuit 2 between the usage-side heat exchanger
22 and the intermediate heat exchanger 26, and the by-
pass refrigerant circuit 3 may be branched off from the
main refrigerant circuit 2 between the intermediate heat
exchanger 26 and the first expansion device 23.

[0113] It is not absolutely necessary that the first ex-
pansion device 23 and the second expansion device 31
in this embodiment are expansion valves, and these de-
vices 23 and 31 may be expanders which collect power
from expanding refrigerant. In this case, a load may be
changed by a dynamo-electric generator which is con-
nected to the expander, and the number of rotations of
the expander may be controlled.

[INDUSTRIAL APPLICABILITY]

[0114] As described above, the refrigeration cycle de-
vice of the present invention is composed of the main
refrigerant circuit having the intermediate heat exchang-
er and the bypass refrigerant circuit, and the refrigeration
cycle device can suppress the deterioration in the heating
ability even when heating operation is executed after the
defrosting operation of the heat source-side heat ex-
changer is completed. Therefore, the invention useful for
a freezing device, an air conditioner, a hot water supply-
ing device and a heating device using the refrigeration
cycle device.
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[EXPLANATION OF SYMBOLS]

[0115]

52
53

54
55

Claims

refrigeration cycle device

main refrigerant circuit

bypass refrigerant circuit

control device

usage-side heat medium circuit

pipe

compression mechanism

low stage-side compression rotation element
high stage-side compression rotation element
usage-side heat exchanger

first expansion device

heat source-side heat exchanger
intermediate heat exchanger

temperature thermistor

blowing device

second expansion device

low pressure side pressure sensor (low pressure
side detecting section)

high pressure side pressure sensor (high pres-
sure side detecting section)

heat medium returning pipe

heat medium going pipe

conveying device

1. Arefrigeration cycle device (1) comprising:

a main refrigerant circuit (2) formed by sequen-
tially connecting, to one another through a pipe
(16), a compression mechanism (21) composed
of compression rotation elements (21a, 21b), a
usage-side heat exchanger (22) for heating us-
age-side heat medium by refrigerant discharged
from the compression rotation element (21b), an
intermediate heat exchanger (26), a first expan-
sion device (23) and a heat source-side heat
exchanger (24);

a bypass refrigerant circuit (3) which exchanges
heat with refrigerant flowing through the main
refrigerant circuit (2) by the intermediate heat
exchanger (26) after refrigerant branching off
from the pipe (16) between the usage-side heat
exchanger (22) and the first expansion device
(23) is decompressed by the second expansion
device (31), the bypass refrigerant circuit (3)
joining up with refrigerant which is being com-
pressed of the compression rotation element
(21b);

a blowing device (29) for supplying air to the
heat source-side heat exchanger (24); and

a control device (4),

the refrigeration cycle device (1) further includes

10

15

20

25

30

35

40

45

50

55

10

a heating operation mode for heating the usage-
side heat medium in the usage-side heat ex-
changer (22) by refrigerant discharged from the
compression rotation element (21b), and

a defrosting operation mode for removing frost
of the heat source-side heat exchanger (24) by
refrigerant discharged from the compression ro-
tation element (21b), wherein

in the heating operation mode which is executed
after the defrosting operation mode is complet-
ed,

at least for a predetermined period during exe-
cution of the heating operation mode, the control
device (4) sets opening degrees of the first ex-
pansion device (23) and the second expansion
device (31) to such values that a flow rate of
refrigerant flowing through the first expansion
device (23) becomes greater than a flow rate of
refrigerant flowing through the second expan-
sion device (31), and the blowing device (29) is
operated.

The refrigeration cycle device (1) according to claim
1, further comprising a high pressure side detecting
section (52) for detecting temperature of refrigerant
on a high pressure side of the main refrigerant circuit
(2) or pressure of refrigerant on the high pressure
side of the main refrigerant circuit (2), wherein the
predetermined period is such a period that a detect-
ed value of the high pressure side detecting section
(52) is equal to or smaller than a predetermined val-
ue.

The refrigeration cycle device (1) according to claim
1, wherein the predetermined period is time elapsed
after the heating operation mode is started.

The refrigeration cycle device (1) according to any
one of claims 1 to 3, wherein in the defrosting oper-
ation mode, refrigerant discharge from the compres-
sion rotation element (21b) flows through the usage-
side heat exchanger (22), the first expansion device
(23) and the heat source-side heat exchanger (24)
in this order.

The refrigeration cycle device (1) according to any
one of claims 1 to 4, wherein carbon dioxide is used
as the refrigerant.

A liquid heating device including the refrigeration cy-
cle device (1) according to any one of claims 1 to 5,
and a usage-side heat medium circuit (5) through
which the usage-side heat medium is circulated by
a conveying device (55) .
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