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Description

Technical Field

[0001] The present invention relates to integrated air-
conditioning and hot-water-supply systems that can per-
form an air-conditioning operation (i.e., cooling operation
or heating operation) and a hot-water-supply operation
at the same time, and more specifically, to an integrated
air-conditioning and hot-water-supply system that deter-
mines a high-temperature-water supply state when the
condensing temperature becomes higher than or equal
to a predetermined value during a hot-water supply and
that suppresses an excessive increase in high pressure
by controlling the condensing temperature of a compres-
sor and the opening degree of a pressure-reducing
mechanism so as to achieve a predetermined hot-water-
supply capacity within a usage range of the compressor.

Background Art

[0002] In the related art, a hot-water-suppliable heat
pump system that is equipped with a refrigerant circuit
formed by connecting a hot-water-supply unit (i.e., a wa-
ter heater) to a heat source unit (i.e., an outdoor unit) by
pipes and that can perform the hot-water-supply opera-
tion is known. When the hot-water-supply temperature
becomes high (e.g., 60 degrees C) in such a hot-water-
supply system, the condensing temperature increases,
causing an excessive increase in high pressure. This is
a problem in that it is difficult to ensure a hot-water-supply
capacity. For this reason, there have been efforts to solve
this problem (e.g., see Patent Literature 1 and Patent
Literature 2).
[0003] In a heat-pump bath hot-water-supply device
discussed in Patent Literature 1, the valve opening de-
gree of a pressure-reducing device is controlled in ac-
cordance with a discharge temperature or a discharge
pressure as a target. The operation efficiency is set in
accordance with a discharge temperature or a discharge
pressure that has a maximum value relative to the valve
opening degree of the pressure-reducing device and that
corresponds to the maximum operation efficiency as a
target control value. By changing the target control value
in accordance with a bathtub temperature, a boiling tem-
perature, a water-side inlet temperature, and a compres-
sor frequency, high operation efficiency can be achieved
even when the bathtub temperature, the boiling temper-
ature, the water-side inlet temperature, and the compres-
sor frequency change.
[0004] In a heat-pump hot-water-supply device dis-
cussed in Patent Literature 2, the discharge pressure is
monitored during the hot-water-supply operation, and
discharge-pressure control is performed on an expan-
sion valve when the discharge pressure increases, so
that the operation can be continuously performed without
the discharge pressure exceeding the usage range of
the compressor.

WO2009157320A1 provides a refrigerating cycle appa-
ratus, in which a compressor for compressing a coolant
containing a substance having a double bond, a con-
denser for condensing the coolant by a heat exchange,
an expansion means for reducing the pressure of the
coolant condensed, and an evaporator for evaporating
the pressure-reduced coolant by a heat exchange are
piped and connected to constitute a coolant circuit for
circulating the coolant. The refrigerating cycle apparatus
comprises a control means for controlling the actions of
the coolant circuit so that the pressure of the coolant in
the coolant circuit becomes lower than the critical pres-
sure of the substance having the double bond.
EP1559970A2 discloses that a compressor, condenser
and evaporator form a refrigeration circuit with an expan-
sion valve. The condenser pressure is monitored by a
sensor and the evaporator temperature by a sensor
which feed a high pressure controller and limiter and a
temperature control unit. The values are compared to
reference values to regulate the compressor through a
control unit and a pulse width modulator.
JP2001194017A discloses that an opening of a pressure
control valve and a discharge refrigerant amount of a
compressor are controlled so as to improve actual effi-
ciency of a cycle theoretical efficiency of the cycle effi-
ciency m of compressor. Hereby, the actual efficiency of
the cycle is improved and simultaneously necessary ca-
pability is demonstrated. Another refrigeration cycle ap-
paratus applying a subcooling degree based control of
an expansion valve and a compressor, based on a meas-
ured refrigerant high side pressure and condenser liquid
outlet temperature, is disclosed in JP01114668.

Citation List

Patent Literature

[0005]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2004-53118
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2005-98530

Summary of Invention

Technical Problem

[0006] In the heat-pump bath hot-water-supply device
discussed in Patent Literature 1, the pressure-reducing
device is controlled in accordance with the discharge
temperature or the discharge pressure corresponding to
the maximum operation efficiency. However, in the case
where a high-temperature-water supply is performed and
the requested hot-water-supply capacity and the com-
pressor frequency are high, the control is performed
based on the operation efficiency regardless of an in-
crease in the discharge pressure of the pressure-reduc-
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ing device. This causes the discharge pressure to in-
crease, possibly resulting in an excessive increase in the
condensing temperature.
[0007] In the heat-pump hot-water-supply device dis-
cussed in Patent Literature 2, in the case where the high-
temperature-water supply is performed and the request-
ed hot-water-supply capacity and the compressor fre-
quency are high, an increase in high pressure sometimes
cannot be suppressed by simply controlling the pressure-
reducing device, resulting in an excessive increase in the
condensing temperature.
[0008] Furthermore, in an integrated air-conditioning
and hot-water-supply system that is equipped with a re-
frigerant circuit formed by connecting a use-side unit (i.e.,
an indoor unit) by pipes in addition to a hot-water-supply
unit and that can perform the air-conditioning operation
and the hot-water-supply operation at the same time, if
there are an air conditioning load and a high-tempera-
ture-water-supply request at the same time during the
high-temperature-water supply, an operation method
that satisfies both of them needs to be established.
[0009] When the condensing temperature becomes
higher than or equal to a predetermined value during the
hot-water supply, a high-temperature-water supply state
is determined, condensing-temperature control is per-
formed on a compressor, and opening-degree control is
performed on a pressure-reducing mechanism. Accord-
ingly, an integrated air-conditioning and hot-water-supply
system that can suppress an excessive increase in con-
densing temperature and can ensure a hot-water-supply
capacity within a usage range of a compressor during
the high-temperature-water supply.

Solution to Problem

[0010] A refrigeration cycle apparatus according to the
present invention includes a refrigeration cycle according
to claim 1 and a refrigeration cycle control method ac-
cording to claim 14.

Advantageous Effects of Invention

[0011] The present invention can provide a refrigera-
tion cycle apparatus that can suppress an excessive in-
crease in condensing temperature and can ensure a hot-
water-supply capacity within a usage range of a com-
pressor during the high-temperature-water supply.

Brief Description of Drawings

[0012]

[Fig. 1] Fig. 1 illustrates the configuration of an inte-
grated air-conditioning and hot-water-supply system
100 according to Embodiment 1.
[Fig. 2] Fig. 2 schematically illustrates the flow of
water from a hot-water-supply unit 304 to a hot-wa-
ter-supply tank 305 in Embodiment 1.

[Fig. 3] Fig. 3 schematically illustrates a controller
110 in Embodiment 1.
[Fig. 4] Fig. 4 illustrates an operation of four-way
valves relative to operation modes in Embodiment 1.
[Fig. 5] Fig. 5 illustrates a method for determining a
target evaporating-temperature value from a maxi-
mum cooled-room temperature difference in com-
pressor control in Embodiment 1.
[Fig. 6] Fig. 6 illustrates a method for determining a
target condensing-temperature value from a maxi-
mum heated-room temperature difference in com-
pressor control in Embodiment 1.
[Fig. 7] Fig. 7 illustrates the relationships among a
target opening degree, a hot-water-supply capacity,
and operation efficiency in Embodiment 1.
[Fig. 8] Fig. 8 illustrates tests performed when per-
forming control for changing a target opening-degree
value of a hot-water-supply pressure-reducing
mechanism in accordance with a compressor fre-
quency in Embodiment 1.
[Fig. 9] Fig. 9 illustrates the relationship between an
outdoor-air temperature and the target opening-de-
gree value in Embodiment 1.
[Fig. 10] Fig. 10 illustrates the relationships among
the hot-water-supply capacity, an evaporating ca-
pacity, and a compressor input in Embodiment 1.
[Fig. 11] Fig. 11 illustrates the contents of tests per-
formed at a development stage when performing
control for changing the target opening-degree value
in accordance with the hot-water-supply capacity in
Embodiment 1.
[Fig. 12] Fig. 12 is a flowchart illustrating the flow for
determining whether a high-temperature-water sup-
ply is to be performed or a normal hot-water supply
is to be performed in Embodiment 1.
[Fig. 13] Fig. 13 is a flowchart illustrating an operation
method during a high-temperature-water supply in a
simultaneous heating and hot-water-supply opera-
tion in Embodiment 1.
[Fig. 14] Fig. 14 is a flowchart illustrating an operation
method during a high-temperature-water supply in a
simultaneous cooling and hot-water-supply opera-
tion in Embodiment 1.

Description of Embodiments

Embodiment 1

[0013] Embodiment 1 will be described below with ref-
erence to Figs. 1 to 14.
[0014] Fig. 1 is a refrigerant circuit configuration dia-
gram of an integrated air-conditioning and hot-water-sup-
ply system 100 (refrigeration cycle apparatus) according
to Embodiment 1. In the following figures including Fig.
1, the dimensional relationships among components may
sometimes differ from actual dimensional relationships.
Furthermore, when a symbol used in a numerical expres-
sion first appears in this specification, the unit of the sym-
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bol will be written in parenthesis []. If a symbol is dimen-
sionless (i.e., has no units), the unit will be expressed as
[-].
[0015] Fig. 2 schematically illustrates the flow of water
from a hot-water-supply unit 304 to a hot-water-supply
tank 305 in the integrated air-conditioning and hot-water-
supply system 100.
[0016] Fig. 3 schematically illustrates various kinds of
sensors in the integrated air-conditioning and hot-water-
supply system 100, and a measuring unit 101, a calcu-
lating unit 102, a control unit 103, and a storage unit 104
in a controller 110. The configuration of the integrated
air-conditioning and hot-water-supply system 100 will be
described below with reference to Figs. 1 to 3. The inte-
grated air-conditioning and hot-water-supply system 100
is a triple-pipe multisystem integrated air-conditioning
and hot-water-supply system that performs a vapor-com-
pression refrigeration cycle operation so as to simulta-
neously perform a cooling operation or heating operation
selected in a use-side unit and a hot-water-supply oper-
ation in a hot-water-supply unit. The integrated air-con-
ditioning and hot-water-supply system 100 is an integrat-
ed air-conditioning and hot-water-supply system that can
ensure a hot-water-supply capacity by suppressing an
excessive increase in high pressure during a supply of
high-temperature water when the hot-water-supply op-
eration is performed in the hot-water-supply unit. Fig. 1
illustrates the refrigerant circuit configuration, and Fig. 2
illustrates a water circuit configuration from the hot-water-
supply unit 304 to the hot-water-supply tank 305.

System Configuration

[0017] The integrated air-conditioning and hot-water-
supply system 100 has a heat source unit 301, a branch
unit 302, use-side units 303a and 303b, the hot-water-
supply unit 304, and the hot-water-supply tank 305. The
heat source unit 301 and the branch unit 302 are con-
nected by a liquid extension pipe 6 serving as a refriger-
ant pipe and a gas extension pipe 12 serving as a refrig-
erant pipe. The hot-water-supply unit 304 has one end
connected to the heat source unit 301 via a hot-water-
supply gas extension pipe 15 serving as a refrigerant
pipe and another end connected to the branch unit 302
via a hot-water-supply liquid pipe 18 serving as a refrig-
erant pipe. The use-side units 303a and 303b and the
branch unit 302 are connected by indoor gas pipes 11a
and 11b serving as refrigerant pipes and indoor liquid
pipes 8a and 8b serving as refrigerant pipes. The hot-
water-supply tank 305 and the hot-water-supply unit 304
are connected by an upstream water pipe 20 serving as
a water pipe and a downstream water pipe 21 serving as
a water pipe.
[0018] Although one heat source unit, two use-side
units, one hot-water-supply unit, and one hot-water-sup-
ply tank 305 are connected as an example in Embodi-
ment 1, the configuration is not limited to this and the
numbers thereof may be more than or fewer than those

shown. Furthermore, although a refrigerant used in the
integrated air-conditioning and hot-water-supply system
100 is R410A, the refrigerant used in the integrated air-
conditioning and hot-water-supply system 100 is not lim-
ited to this kind of refrigerant. Other alternatives include,
for example, an HFC (hydrofluorocarbon) refrigerant,
such as R407C or R404A, an HCFC (hydrochlorofluor-
ocarbon) refrigerant, such as R22 or R134a, and a re-
frigerant that operates at a critical pressure or higher,
such as CO2.
[0019] As shown in Fig. 1, the integrated air-condition-
ing and hot-water-supply system 100 includes the con-
troller 110. The controller 110 includes the measuring
unit 101, the calculating unit 102, the control unit 103,
and the storage unit 104.
[0020] Control to be described below is entirely per-
formed by the controller 110. Although the controller 110
is disposed in the heat source unit 301 in Fig. 1, this is
only an example. The position where the controller 110
is disposed is not limited.

Operation Modes of Heat Source Unit 301

[0021] Operation modes that can be performed by the
integrated air-conditioning and hot-water-supply system
100 will be briefly described. In the integrated air-condi-
tioning and hot-water-supply system 100, an operation
mode of the heat source unit 301 is determined based
on whether there are a hot-water-supply load in the con-
nected hot-water-supply unit 304 and cooling loads or
heating loads in the use-side units 303a and 303b. The
integrated air-conditioning and hot-water-supply system
100 is capable of performing the following five operation
modes, which includes
a cooling operation mode A,
a heating operation mode B,
a hot-water-supply operation mode C,
a simultaneous heating and hot-water-supply operation
mode D, and a simultaneous cooling and hot-water-sup-
ply operation mode E.
[0022]

(1) The cooling operation mode A is an operation
mode of the heat source unit 301 when there is no
hot-water-supply request signal (also referred to as
"hot-water-supply request") and the cooling opera-
tion is performed by the use-side units 303a and
303b.
(2) The heating operation mode B is an operation
mode of the heat source unit 301 when there is no
hot-water-supply request and the heating operation
is performed by the use-side units 303a and 303b.
(3) The hot-water-supply operation mode C is an op-
eration mode of the heat source unit 301 when there
is no air conditioning load and the hot-water-supply
operation is performed by the hot-water-supply unit
304.
(4) The simultaneous heating and hot-water-supply

5 6 



EP 2 634 508 B1

5

5

10

15

20

25

30

35

40

45

50

55

operation mode D is an operation mode of the heat
source unit 301 when the heating operation by the
use-side units 303a and 303b and the hot-water-sup-
ply operation by the hot-water-supply unit 304 are
simultaneously performed.
(5) The simultaneous cooling and hot-water-supply
operation mode E is an operation mode of the heat
source unit 301 when the cooling operation by the
use-side units 303a and 303b and the hot-water-sup-
ply operation by the hot-water-supply unit 304 are
simultaneously performed.

Use-Side Units 303a and 303b

[0023] The use-side units 303a and 303b are connect-
ed to the heat source unit 301 via the branch unit 302.
The use-side units 303a and 303b are installed in areas
(e.g., by being concealed in or suspended from a ceiling
indoors or being hung on a wall) where the units can blow
conditioned air to an air conditioning target region. The
use-side units 303a and 303b are connected to the heat
source unit 301 via the branch unit 302, the liquid exten-
sion pipe 6, and the gas extension pipe 12, and constitute
a part of the refrigerant circuit.
[0024] The use-side units 303a and 303b each include
an indoor-side refrigerant circuit that constitutes a part
of the refrigerant circuit. These indoor-side refrigerant
circuits are constituted by respective indoor heat ex-
changers 9a and 9b serving as use-side heat exchang-
ers. Furthermore, the use-side units 303a and 303b are
respectively provided with indoor air-sending devices
10a and 10b for supplying conditioned air, after having
exchanged heat with the refrigerant in the indoor heat
exchangers 9a and 9b, to the air conditioning target re-
gion, such as an indoor space.
[0025] The indoor heat exchangers 9a and 9b may
each be formed of, for example, a cross-fin-type fin-and-
tube heat exchanger constituted of a heat transfer pipe
and multiple fins. Alternatively, the indoor heat exchang-
ers 9a and 9b may each be formed of a micro-channel
heat exchanger, a shell-and-tube heat exchanger, a
heat-pipe heat exchanger, or a double-pipe heat ex-
changer. When the operation mode performed by the
use-side units 303a and 303b is the cooling operation
mode A, the indoor heat exchangers 9a and 9b function
as refrigerant evaporators and cool the air in the air con-
ditioning target region. When the operation mode is the
heating operation mode B, the indoor heat exchangers
9a and 9b function as refrigerant condensers (or radia-
tors) and heat the air in the air conditioning target region.
[0026] The indoor air-sending devices 10a and 10b
have a function of suctioning indoor air into the use-side
units 303a and 303b, making the indoor air exchange
heat with the refrigerant at the indoor heat exchangers
9a and 9b, and then supplying the indoor air as condi-
tioned air to the air conditioning target region. Specifical-
ly, in the use-side units 303a and 303b, the indoor air
taken in by the indoor air-sending devices 10a and 10b

and the refrigerant flowing through the indoor heat ex-
changers 9a and 9b can exchange heat with each other.
The indoor air-sending devices 10a and 10b are capable
of adjusting the flow rate of conditioned air to be supplied
to the indoor heat exchangers 9a and 9b and each include
a fan, such as a centrifugal fan or a multi-blade fan, and
a motor, such as a DC fan motor, for driving this fan.
[0027] The use-side units 303a and 303b are provided
with the following various kinds of sensors, which include:

(1) indoor liquid temperature sensors 206a and 206b
that are provided at the liquid side of the indoor heat
exchangers 9a and 9b and detect the temperature
of a liquid refrigerant;
(2) indoor gas temperature sensors 207a and 207b
that are provided at the gas side of the indoor heat
exchangers 9a and 9b and detect the temperature
of a gas refrigerant; and
(3) indoor suction temperature sensors 208a and
208b that are provided at the indoor-air suction side
of the use-side units 303a and 303b and detect the
temperature of indoor air flowing into the units.

[0028] As shown in Fig. 3, the operation of the indoor
air-sending devices 10a and 10b is controlled by the con-
trol unit 103 that functions as normal-operation control
means that performs a normal operation including the
cooling operation mode A and the heating operation
mode B of the use-side units 303a and 303b.

Hot-Water-Supply Unit 304

[0029] The hot-water-supply unit 304 is connected to
the heat source unit 301 via the branch unit 302. As
shown in Fig. 2, the hot-water-supply unit 304 has a func-
tion of supplying hot water to the hot-water-supply tank
305 installed, for example, outdoors and boiling the water
in the hot-water-supply tank 305 by heating the water. A
plate-type water heat exchanger 16 of the hot-water-sup-
ply unit 304 includes a connection section 25 (i.e., an
inflowing-water-pipe connection section) connected to
the downstream water pipe 21 (i.e., an inflowing water
pipe), a connection section 26 (i.e., an outflowing water
pipe connection section) connected to the upstream wa-
ter pipe 20 (i.e., an outflowing water pipe), and a water
pipe 27 through which water flowing therein from the
downstream water pipe 21 flows out toward the upstream
water pipe 20. Furthermore, the hot-water-supply unit
304 has one end connected to the heat source unit 301
via the hot-water-supply gas extension pipe 15 and an-
other end connected to the branch unit 302 via the hot-
water-supply liquid pipe 18, and constitutes a part of the
refrigerant circuit in the integrated air-conditioning and
hot-water-supply system 100.
[0030] The hot-water-supply unit 304 includes a hot-
water-supply-side refrigerant circuit that constitutes a
part of the refrigerant circuit. The hot-water-supply-side
refrigerant circuit has the plate-type water heat exchang-
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er 16 serving as a hot-water-supply-side heat exchanger
as an elemental function. Furthermore, the hot-water-
supply unit 304 is provided with a feed pump 17 for sup-
plying hot water, after having exchanged heat with the
refrigerant in the plate-type water heat exchanger 16, to
the hot-water-supply tank 305, etc.
[0031] When the hot-water-supply operation mode C
is performed by the hot-water-supply unit 304, the plate-
type water heat exchanger 16 functions as a refrigerant
condenser and heats the water to be supplied by the feed
pump 17. The feed pump 17 has a function of supplying
the water into the hot-water-supply unit 304, making the
water exchange heat at the plate-type water heat ex-
changer 16 so as to turn the water into hot water, and
then supplying the hot water into the hot-water-supply
tank 305 so as to make the hot water exchange heat with
the water in the hot-water-supply tank 305. Specifically,
in the hot-water-supply unit 304, the water supplied by
the feed pump 17 and the refrigerant flowing through the
plate-type water heat exchanger 16 can exchange heat
with each other, and the water supplied by the feed pump
17 and the water in the hot-water-supply tank 305 can
exchange heat with each other. Moreover, the flow rate
of water to be supplied to the plate-type water heat ex-
changer 16 can be adjusted.
[0032] The hot-water-supply unit 304 is provided with
the following various kinds of sensors, which include:

(1) a liquid temperature sensor 209 that is provided
at the liquid side of the plate-type water heat ex-
changer 16 and detects the temperature of a liquid
refrigerant.

[0033] The operation of the feed pump 17 is controlled
by the control unit 103 that functions as normal-operation
control means that performs the normal operation includ-
ing the hot-water-supply operation mode C of the hot-
water-supply unit 304 (see Fig. 3).

Hot-Water-Supply Tank 305

[0034] The hot-water-supply tank 305 is installed, for
example, outdoors and has a function of storing the hot
water boiled by the hot-water-supply unit 304. Further-
more, the hot-water-supply tank 305 has one end con-
nected to the hot-water-supply unit 304 via the upstream
water pipe 20 and another end connected to the hot-
water-supply unit 304 via the downstream water pipe 21,
and constitutes a part of a water circuit in the integrated
air-conditioning and hot-water-supply system 100. The
hot-water-supply tank 305 is of a full-water type that
makes the hot water flow out of the upper portion of the
tank when the hot water is consumed by the user and
that is supplied with water from the lower portion of the
tank in accordance with the consumed amount.
[0035] The water fed by the feed pump 17 in the hot-
water-supply unit 304 becomes hot water by being heat-
ed by the refrigerant at the plate-type water heat ex-

changer 16 and then travels through the upstream water
pipe 20 so as to flow into the hot-water-supply tank 305.
The hot water exchanges heat with the water in the hot-
water-supply tank 305 as intermediate water without be-
ing mixed with the water in the tank, thereby turning into
cold water. Subsequently, the water flows out of the hot-
water-supply tank 305 and travels through the down-
stream water pipe 21 so as to flow into the hot-water-
supply unit 304 again. After being fed by the feed pump
17 again, the water turns into hot water at the plate-type
water heat exchanger 16. As a result of this process, the
water is boiled in the hot-water-supply tank 305.
[0036] The method for heating the water in the hot-
water-supply tank 305 is not limited to the intermediate-
water-based heat exchange method as in Embodiment
1. As an alternative heating method, the water in the hot-
water-supply tank 305 may flow directly into a pipe, turn
into hot water by exchanging heat at the plate-type water
heat exchanger 16, and then return to the hot-water-sup-
ply tank 305.
[0037] The hot-water-supply tank 305 is provided with
the following various kinds of sensors, which include:

(1) a hot-water-supply-tank water temperature sen-
sor 210 that is provided on a side surface at the lower
portion of the hot-water-supply tank 305 and detects
the temperature of the hot water in the tank.

Heat Source Unit 301

[0038] The heat source unit 301 is installed, for exam-
ple, outdoors and is connected to the use-side units 303a
and 303b via the liquid extension pipe 6, the gas exten-
sion pipe 12, and the branch unit 302. Moreover, the heat
source unit 301 is connected to the hot-water-supply unit
304 via the hot-water-supply gas extension pipe 15, the
liquid extension pipe 6, and the branch unit 302, and con-
stitutes a part of the refrigerant circuit in the integrated
air-conditioning and hot-water-supply system 100.
[0039] The heat source unit 301 includes an outdoor-
side refrigerant circuit that constitutes a part of the refrig-
erant circuit. As elemental devices, the outdoor-side re-
frigerant circuit has a compressor 1 that compresses the
refrigerant, two four-way valves (i.e., a first four-way
valve 2 and a second four-way valve 13) for switching
the flowing direction of the refrigerant in accordance with
the outdoor operation mode, an outdoor heat exchanger
3 as a heat-source-side heat exchanger, and an accu-
mulator 14 for retaining an excess refrigerant. Further-
more, the heat source unit 301 is constituted of an out-
door air-sending device 4 for supplying air to the outdoor
heat exchanger 3 and an outdoor pressure-reducing
mechanism 5 as a heat-source-side pressure-reducing
mechanism for controlling the distributive flow rate of the
refrigerant.
[0040] The compressor 1 suctions the refrigerant and
compresses this refrigerant to a high-temperature high-
pressure state. The compressor 1 equipped in Embodi-
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ment 1 is capable of adjusting the operation capacity and
is, for example, a positive-displacement compressor that
is driven by a motor (not shown) controlled by an inverter.
Although only a single compressor 1 is shown as an ex-
ample in Embodiment 1, the configuration is not limited
to this, and two or more compressors 1 may be connected
in parallel to each other in accordance with, for example,
the connected number of use-side units 303a and 303b
and hot-water-supply units 304. Furthermore, a dis-
charge-side pipe connected to the compressor 1 is bifur-
cated at an intermediate section of the pipe and has one
end connected to the gas extension pipe 12 via the sec-
ond four-way valve 13 and another end connected to the
hot-water-supply gas extension pipe 15 via the first four-
way valve 2.
[0041] The first four-way valve 2 and the second four-
way valve 13 each function as a flow switching device
that switches the flowing direction of the refrigerant in
accordance with the operation mode of the heat source
unit 301.
[0042] Fig. 4 illustrates the operational contents of the
four-way valves relative to the operation modes. The
terms "solid line" and "dash line" shown in Fig. 4 corre-
spond to solid lines and dashed lines shown in Fig. 1 that
denote the switched statuses of the first four-way valve
2 and the second four-way valve 13.
[0043] In the cooling operation mode A, the first four-
way valve 2 is switched to the "solid line" state. Specifi-
cally, in the cooling operation mode A, in order to make
the outdoor heat exchanger 3 function as a condenser
for the refrigerant compressed by the compressor 1, the
first four-way valve 2 is switched so as to connect the
discharge side of the compressor 1 to the gas side of the
outdoor heat exchanger 3. In the heating operation mode
B, the hot-water-supply operation mode C, the simulta-
neous heating and hot-water-supply operation mode D,
or the simultaneous cooling and hot-water-supply oper-
ation mode E, the first four-way valve 2 is switched to the
"dash line" state. Specifically, in the heating operation
mode B, the hot-water-supply operation mode C, the si-
multaneous heating and hot-water-supply operation
mode D, or the simultaneous cooling and hot-water-sup-
ply operation mode E, in order to make the outdoor heat
exchanger 3 function as a refrigerant evaporator, the first
four-way valve 2 is switched so as to connect the dis-
charge side of the compressor 1 to the gas side of the
plate-type water heat exchanger 16 and also to connect
the suction side of the compressor 1 to the gas side of
the outdoor heat exchanger 3.
[0044] In the cooling operation mode A, the hot-water-
supply operation mode C, or the simultaneous cooling
and hot-water-supply operation mode E, the second four-
way valve 13 switched to the "solid line" state. Specifi-
cally, the second four-way valve 13 is switched so as to
connect the suction side of the compressor 1 to the gas
side of the indoor heat exchangers 9a and 9b, such that
the indoor heat exchangers 9a and 9b are made to func-
tion as evaporators for the refrigerant compressed by the

compressor 1 in the cooling operation mode A or the
simultaneous cooling and hot-water-supply operation
mode E or such that the refrigerant is prevented from
flowing to the use-side units 303a and 303b in the hot-
water-supply operation mode C. In the heating operation
mode B, the hot-water-supply operation mode C, and the
simultaneous heating and hot-water-supply operation
mode D, the second four-way valve 13 is switched to the
"dash line" state. Specifically, in the heating operation
mode B, the hot-water-supply operation mode C, and the
simultaneous heating and hot-water-supply operation
mode D, in order to make the indoor heat exchangers 9a
and 9b function as refrigerant condensers, the second
four-way valve 13 is switched so as to connect the dis-
charge side of the compressor 1 to the gas side of the
indoor heat exchangers 9a and 9b.
[0045] The outdoor heat exchanger 3 has its gas side
connected to the first four-way valve 2 and its liquid side
connected to the outdoor pressure-reducing mechanism
5. The outdoor heat exchanger 3 may be formed of, for
example, a cross-fin-type fin-and-tube heat exchanger
constituted of a heat transfer pipe and multiple fins. Al-
ternatively, the outdoor heat exchanger 3 may be formed
of a micro-channel heat exchanger, a shell-and-tube heat
exchanger, a heat-pipe heat exchanger, or a double-pipe
heat exchanger. In the cooling operation mode A, the
outdoor heat exchanger 3 functions as a refrigerant con-
denser and cools the refrigerant. In the heating operation
mode B, the hot-water-supply operation mode C, the si-
multaneous heating and hot-water-supply operation
mode D, and the simultaneous cooling and hot-water-
supply operation mode E, the outdoor heat exchanger 3
functions as a refrigerant evaporator and heats the re-
frigerant.
[0046] The outdoor air-sending device 4 has a function
of suctioning outdoor air into the heat source unit 301,
making the outdoor air exchange heat at the outdoor heat
exchanger 3, and then discharging the air to the outside.
Specifically, in the heat source unit 301, the outdoor air
taken in by the outdoor air-sending device 4 and the re-
frigerant flowing through the outdoor heat exchanger 3
can exchange heat with each other. The outdoor air-
sending device 4 is capable of adjusting the flow rate of
air to be supplied to the outdoor heat exchanger 3 and
includes a fan, such as a propeller fan, and a motor, such
as a DC fan motor, for driving this fan.
[0047] The accumulator 14 is provided at the suction
side of the compressor 1 and has a function of retaining
the liquid refrigerant to prevent it from flowing back to the
compressor 1 when there is a malfunction in the integrat-
ed air-conditioning and hot-water-supply system 100 or
during a transient response of an operational state
caused by a change in operation control.
[0048] The heat source unit 301 is provided with the
following various kinds of sensors, which include:

(1) a high-pressure sensor 201 that is provided at
the discharge side of the compressor 1 and detects
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a high-pressure side high pressure;
(2) a discharge temperature sensor 202 that is pro-
vided at the discharge side of the compressor 1 and
detects a discharge temperature;
(3) an outdoor gas temperature sensor 203 that is
provided at the gas side of the outdoor heat exchang-
er 3 and detects a gas refrigerant temperature;
(4) an outdoor liquid temperature sensor 204 that is
provided at the liquid side of the outdoor heat ex-
changer 3 and detects a liquid refrigerant tempera-
ture; and
(5) an outdoor-air temperature sensor 205 that is pro-
vided at the outdoor-air suction side of the heat
source unit 301 and detects the temperature of out-
door air flowing into the unit.

[0049] The operation of each of the compressor 1, the
first four-way valve 2, the outdoor air-sending device 4,
the outdoor pressure-reducing mechanism 5, and the
second four-way valve 13 is controlled by the control unit
103 that functions as normal-operation control means
that performs the normal operation including the cooling
operation mode A, the heating operation mode B, the
hot-water-supply operation mode C, the simultaneous
heating and hot-water-supply operation mode D, and the
simultaneous cooling and hot-water-supply operation
mode C.

Branch Unit 302

[0050] The branch unit 302 is installed, for example,
indoors, is connected to the heat source unit 301 via the
liquid extension pipe 6 and the gas extension pipe 12, is
connected to the use-side units 303a and 303b via the
indoor liquid pipes 8a and 8b and the indoor gas pipes
11a and 11b, is connected to the hot-water-supply unit
304 via the hot-water-supply liquid pipe 18, and consti-
tutes a part of the refrigerant circuit in the integrated air-
conditioning and hot-water-supply system 100. The
branch unit 302 has a function of controlling the flow of
the refrigerant in accordance with a requested operation
in the use-side units 303a and 303b and the hot-water-
supply unit 304.
[0051] The branch unit 302 includes a branch refriger-
ant circuit that constitutes a part of the refrigerant circuit.
As elemental devices, the branch refrigerant circuit has
indoor pressure-reducing mechanisms 7a and 7b as use-
side pressure-reducing mechanisms for controlling the
distributive flow rate of the refrigerant, and a hot-water-
supply pressure-reducing mechanism 19 for controlling
the distributive flow rate of the refrigerant.
[0052] The indoor pressure-reducing mechanisms 7a
and 7b are respectively provided in the indoor liquid pipes
8a and 8b. The hot-water-supply pressure-reducing
mechanism 19 is provided in the hot-water-supply liquid
pipe 18 in the branch unit 302. Each of the indoor pres-
sure-reducing mechanisms 7a and 7b functions as a
pressure-reducing valve and an expansion valve, and

reduces the pressure of and expands the refrigerant flow-
ing through the liquid extension pipe 6 in the cooling op-
eration mode A and reduces the pressure of and expands
the refrigerant flowing through the hot-water-supply pres-
sure-reducing mechanism 19 in the simultaneous cooling
and hot-water-supply operation mode E. In the heating
operation mode B and the simultaneous heating and hot-
water-supply operation mode D, the indoor pressure-re-
ducing mechanisms 7a and 7b reduce the pressure of
and expand the refrigerant flowing through the indoor
liquid pipes 8a and 8b. The hot-water-supply pressure-
reducing mechanism 19 functions as a pressure-reduc-
ing valve and an expansion valve and reduces the pres-
sure of and expands the refrigerant flowing through the
hot-water-supply liquid pipe 18 in the hot-water-supply
operation mode C and the simultaneous heating and hot-
water-supply operation mode D. The indoor pressure-
reducing mechanisms 7a and 7b and the hot-water-sup-
ply pressure-reducing mechanism 19 may each be of a
type whose opening degree is variably controllable, such
as precise flow control means using an electronic expan-
sion valve or inexpensive refrigerant flow control means
such as a capillary tube.
[0053] As shown in Fig. 3, the operation of the hot-
water-supply pressure-reducing mechanism 19 is con-
trolled by the control unit 103 of the controller 110, which
functions as normal-operation control means that per-
forms the normal operation including the hot-water-sup-
ply operation mode C of the hot-water-supply unit 304.
The operation of each of the indoor pressure-reducing
mechanisms 7a and 7b is controlled by the control unit
103 functioning as normal-operation control means that
performs the normal operation including the cooling op-
eration mode A and the heating operation mode B of the
use-side units 303a and 303b.

Controller 110

[0054] As shown in Fig. 3, the values detected by the
various kinds of temperature and pressure sensors are
input to the measuring unit 101 and are processed by
the calculating unit 102. Then, based on the processed
result of the calculating unit 102, the control unit 103 con-
trols the compressor 1, the first four-way valve 2, the
outdoor air-sending device 4, the outdoor pressure-re-
ducing mechanism 5, the indoor pressure-reducing
mechanisms 7a and 7b, the indoor air-sending devices
10 and 10b, the second four-way valve 13, the feed pump
17, and the hot-water-supply pressure-reducing mecha-
nism 19. Specifically, the overall operation of the inte-
grated air-conditioning and hot-water-supply system 100
is controlled by the controller 110 equipped with the
measuring unit 101, the calculating unit 102, and the con-
trol unit 103. The controller 110 may be constituted of a
microcomputer. Calculation expressions to be described
in Embodiment 1 below are calculated by the calculating
unit 102, and the control unit 103 controls each of the
devices, such as the compressor 1, in accordance with
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the calculation results. The storage unit 104 stores data
to be used in the calculating unit 102 and the calculation
results.
[0055] Specifically, based on commands, such as an
operation mode (e.g., a cooling request signal for re-
questing the cooling operation of the use-side units 303)
received via a remote controller, a hot-water-supply re-
quest signal, to be described below, and a preset tem-
perature, and information detected by the various sen-
sors, the control unit 103 performs each operation mode
by controlling the following:

the operating frequency of the compressor 1,
the switching of the first four-way valve 2,
the rotation speed (including an on/off operation) of
the outdoor air-sending device 4,
the opening degree of the outdoor pressure-reduc-
ing mechanism 5,
the opening degrees of the indoor pressure-reducing
mechanisms 7a and 7b,
the rotation speeds (including an on/off operation)
of the indoor air-sending devices 10a and 10b,
the switching of the second four-way valve 13,
the rotation speed (including an on/off operation) of
the feed pump 17, and
the opening degree of the hot-water-supply pres-
sure-reducing mechanism 19.

[0056] The measuring unit 101, the calculating unit
102, and the control unit 103 may be integrally provided
or may be provided independently of each other. Further-
more, the measuring unit 101, the calculating unit 102,
and the control unit 103 may be provided in any one of
the units. Moreover, the measuring unit 101, the calcu-
lating unit 102, and the control unit 103 may be provided
in each of the units.

Operation Modes

[0057] The integrated air-conditioning and hot-water-
supply system 100 controls each of the devices equipped
in the heat source unit 301, the branch unit 302, the use-
side units 303a and 303b, and the hot-water-supply unit
304 in accordance with requested air conditioning loads
of the use-side units 303a and 303b and a requested hot-
water-supply load of the hot-water-supply unit 304. With
this control, the integrated air-conditioning and hot-wa-
ter-supply system 100 performs the cooling operation
mode A, the heating operation mode B, the hot-water-
supply operation mode C, the simultaneous heating and
hot-water-supply operation mode D, or the simultaneous
cooling and hot-water-supply operation mode E.
[0058] The simultaneous cooling and hot-water-supply
operation mode E further includes a "hot-water-supply
priority mode" in which the operating frequency of the
compressor 1 is controlled in accordance with a hot-wa-
ter-supply request signal from the hot-water-supply unit
304 and a "cooling priority mode" in which the operating

frequency of the compressor 1 is controlled in accord-
ance with cooling loads of the use-side units 303a and
303b. The hot-water-supply request signal is output from
the hot-water-supply unit 304 when the temperature of
the water stored in the hot-water-supply tank 305 is lower
than a preset hot-water-supply temperature. When the
hot-water-supply request signal is output, the control unit
103 estimates a cooling load and a heating load from a
temperature difference (i.e., an indoor temperature dif-
ference) between an indoor suction temperature and a
preset indoor temperature and performs control based
on an assumption that the larger the indoor temperature
difference, the larger the cooling load and the heating
load.

Operation

[0059] Specific refrigerant flowing methods and normal
control methods in the cooling operation mode A, the
heating operation mode B, the hot-water-supply opera-
tion mode C, the simultaneous heating and hot-water-
supply operation mode D, and the simultaneous cooling
and hot-water-supply operation mode E performed by
the integrated air-conditioning and hot-water-supply sys-
tem 100 will now be described. The operation of each
four-way valve in each of the operation modes is as
shown in Fig. 4. For each of the hot-water-supply oper-
ation mode C, the simultaneous heating and hot-water-
supply operation mode D, and the simultaneous cooling
and hot-water-supply operation mode E, a control meth-
od for high-temperature-water supply will be described
in addition to a normal control method.

Cooling Operation Mode A

[0060] In the cooling operation mode, the hot-water-
supply pressure-reducing mechanism 19 is completely
closed. In the cooling operation mode A, the first four-
way valve 2 is in the solid-line state, meaning that the
discharge side of the compressor 1 is connected to the
gas side of the outdoor heat exchanger 3. Furthermore,
the second four-way valve 13 is in the solid-line state,
meaning that the suction side of the compressor 1 is con-
nected to the indoor heat exchangers 9a and 9b via the
gas extension pipe 12.
[0061] While the refrigerant circuit is in this state, the
compressor 1, the outdoor air-sending device 4, and the
indoor pressure-reducing mechanisms 7a and 7b are ac-
tivated. This causes a low-pressure gas refrigerant to be
suctioned into and compressed by the compressor 1,
thereby becoming a high-temperature high-pressure gas
refrigerant. Subsequently, the high-temperature high-
pressure gas refrigerant travels through the first four-way
valve 2 and flows into the outdoor heat exchanger 3
where the gas refrigerant condenses by exchanging heat
with outdoor air supplied by the outdoor air-sending de-
vice 4, thereby becoming a high-pressure liquid refriger-
ant. After flowing out of the outdoor heat exchanger 3,
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the high-pressure liquid refrigerant flows to the outdoor
pressure-reducing mechanism 5 where the high-pres-
sure liquid refrigerant is reduced in pressure. Subse-
quently, the liquid refrigerant travels through the liquid
extension pipe 6 and flows into the branch unit 302. At
this time, the outdoor pressure-reducing mechanism 5 is
controlled to a maximum opening degree. The refrigerant
flowing into the branch unit 302 is reduced in pressure
by the indoor pressure-reducing mechanisms 7a and 7b
so as to become a low-pressure two-phase gas-liquid
refrigerant. Subsequently, the refrigerant flows out of the
branch unit 302 and travels through the indoor liquid
pipes 8a and 8b so as to flow into the use-side units 303a
and 303b.
[0062] The refrigerant flowing into the use-side units
303a and 303b flows into the indoor heat exchangers 9a
and 9b where the refrigerant evaporates by exchanging
heat with indoor air supplied by the indoor air-sending
devices 10a and 10b, thereby becoming a low-pressure
gas refrigerant. In this case, each of the indoor pressure-
reducing mechanisms 7a and 7b is controlled such that
a temperature difference (i.e., a cooled-room tempera-
ture difference) obtained by subtracting a preset temper-
ature from an indoor suction temperature detected by the
indoor suction temperature sensor 208a or 208b in cor-
responding use-side unit 303a or 303b is eliminated.
Therefore, the flow rate of refrigerant flowing through the
indoor heat exchangers 9a and 9b corresponds to the
cooling load requested in the air-conditioned space
where the use-side units 303a and 303b are installed.
[0063] The refrigerant flowing out of the indoor heat
exchangers 9a and 9b flows out of the use-side units
303a and 303b and then travels through the indoor gas
pipes 11a and 11b and the branch unit 302 so as to flow
into the gas extension pipe 12. The refrigerant then trav-
els through the second four-way valve 13 and passes
through the accumulator 14 so as to be suctioned into
the compressor 1 again.
[0064] The operating frequency of the compressor 1
is controlled by the control unit 103 such that the evap-
orating temperature is made equal to a predetermined
value. The predetermined evaporating-temperature val-
ue is the temperature detected by the indoor liquid tem-
perature sensor 206a or 206b. The predetermined evap-
orating-temperature value is determined from a temper-
ature difference (i.e., a cooled-room temperature differ-
ence), which is obtained by subtracting a preset temper-
ature from an indoor suction temperature detected by the
indoor suction temperature sensor 208a or 208b, in the
use-side unit 303a or 303b that has the maximum tem-
perature difference in the use-side units 303a and 303b.
[0065] Fig. 5 illustrates a method for determining a tar-
get-evaporating-temperature value from a maximum
cooled-room temperature difference in compressor con-
trol. Specifically, as shown in Fig. 5, a target-evaporating-
temperature value in a corresponding range is set on the
basis of a maximum cooled-room temperature difference
ΔTje [-]. Target-evaporating-temperature values A1 to A4

in respective maximum cooled-room temperature differ-
ence ranges are determined from tests, etc. Furthermore,
the quantity of air from the outdoor air-sending device 4
is controlled by the control unit 103 such that the con-
densing temperature is made equal to a predetermined
value in accordance with the outdoor-air temperature de-
tected by the outdoor-air temperature sensor 205. The
condensing temperature in this case is a saturation tem-
perature calculated based on the pressure detected by
the high-pressure sensor 201.

Heating Operation Mode B

[0066] In the heating operation mode, the hot-water-
supply pressure-reducing mechanism 19 (i.e., a first
pressure-reducing mechanism) is completely closed.
Therefore, the refrigerant does not flow to the first four-
way valve 2 and the hot-water-supply unit 304. In the
heating operation mode B, the first four-way valve 2 is in
the dash-line state, meaning that the discharge side of
the compressor 1 is connected to the gas side of the
plate-type water heat exchanger 16 (i.e., a first radiator)
and the suction side of the compressor 1 is connected
to the gas side of the outdoor heat exchanger 3 (i.e., a
first evaporator). The second four-way valve 13 is in the
dash-line state, meaning that the discharge side of the
compressor 1 is connected to the gas side of the indoor
heat exchangers 9a and 9b.
[0067] While the refrigerant circuit is in this state, the
compressor 1, the outdoor air-sending device 4, the in-
door air-sending devices 10a and 10b, and the feed pump
17 are activated. This causes a low-pressure gas refrig-
erant to be suctioned into and compressed by the com-
pressor 1, thereby becoming a high-temperature high-
pressure gas refrigerant. Subsequently, the high-temper-
ature high-pressure gas refrigerant flows through the
second four-way valve 13.
[0068] The refrigerant flowing into the second four-way
valve 13 flows out of the heat source unit 301 and travels
through the gas extension pipe 12 so as to flow into the
branch unit 302. Subsequently, the refrigerant travels
through the indoor gas pipes 11a and 11b so as to flow
into the use-side units 303a and 303b. The refrigerant
flowing into the use-side units 303a and 303b flows into
the indoor heat exchangers 9a and 9b where the refrig-
erant condenses by exchanging heat with indoor air sup-
plied by the indoor air-sending devices 10a and 10b so
as to become a high-pressure liquid refrigerant, which
then flows out of the indoor heat exchangers 9a and 9b.
The refrigerant having heated the indoor air at the indoor
heat exchangers 9a and 9b flows out of the use-side units
303a and 303b and travels through the indoor liquid pipes
8a and 8b so as to flow into the branch unit 302. The
refrigerant is then reduced in pressure by the indoor pres-
sure-reducing mechanisms 7a and 7b, thereby becoming
a low-pressure, two-phase gas-liquid or liquid-phase re-
frigerant. Subsequently, the refrigerant flows out of the
branch unit 302.
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[0069] Each of the indoor pressure-reducing mecha-
nisms 7a and 7b is controlled such that a temperature
difference (i.e., a heated-room temperature difference)
obtained by subtracting a preset indoor temperature from
an indoor suction temperature detected by the indoor
suction temperature sensor 208a or 208b in correspond-
ing use-side unit 303a or 303b is eliminated. Therefore,
the flow rate of refrigerant flowing through the indoor heat
exchangers 9a and 9b corresponds to the heating load
requested in the air-conditioned space where the use-
side units 303a and 303b are installed.
[0070] The refrigerant flowing out of the branch unit
302 travels through the liquid extension pipe 6, flows into
the heat source unit 301, passes through the outdoor
pressure-reducing mechanism 5, and then flows into the
outdoor heat exchanger 3. The opening degree of the
outdoor pressure-reducing mechanism 5 is controlled so
that it is in a completely open state. The refrigerant flow-
ing into the outdoor heat exchanger 3 evaporates by ex-
changing heat with outdoor air supplied by the outdoor
air-sending device 4, thereby becoming a low-pressure
gas refrigerant. This refrigerant flows out of the outdoor
heat exchanger 3, travels through the first four-way valve
2, passes through the accumulator 14, and is then suc-
tioned into the compressor 1 again.
[0071] The operating frequency of the compressor 1
is controlled by the control unit 103 such that the con-
densing temperature is made equal to a target value. The
method for determining the condensing temperature is
the same as that in the cooling operation. The target con-
densing-temperature value is determined from a temper-
ature difference (i.e., a heated-room temperature differ-
ence), which is obtained by subtracting a preset indoor
temperature from an indoor suction temperature detect-
ed by the indoor suction temperature sensor 208a or
208b, in the use-side unit 303a or 303b that has the max-
imum heated-room temperature difference in the use-
side units 303a and 303b.
[0072] Fig. 6 illustrates a method for determining a tar-
get-condensing-temperature value from a maximum
heated-room temperature difference in compressor con-
trol. Specifically, as shown in Fig. 6, a target-condensing-
temperature value in a corresponding range is set on the
basis of a maximum heated-room temperature difference
ΔTjc [-]. Target-condensing-temperature values B1 to B4
in respective maximum heated-room temperature differ-
ence ranges are determined from tests, etc. Furthermore,
the quantity of air from the outdoor air-sending device 4
is controlled by the control unit 103 such that the evap-
orating temperature is made equal to a predetermined
value in accordance with the outdoor-air temperature de-
tected by the outdoor-air temperature sensor 205. The
evaporating temperature in this case is determined
based on the temperature detected by the outdoor liquid
temperature sensor 204.

Hot-Water-Supply Operation Mode C

[0073] In the hot-water-supply operation mode C, the
first four-way valve 2 is in the dash-line state, meaning
that the discharge side of the compressor 1 is connected
to the gas side of the plate-type water heat exchanger
16 and the suction side of the compressor 1 is connected
to the gas side of the outdoor heat exchanger 3. The
second four-way valve 13 is in the solid-line state, mean-
ing that the suction side of the compressor 1 is connected
to the indoor heat exchangers 9a and 9b via the gas
extension pipe 12.
[0074] While the refrigerant circuit is in this state, the
compressor 1, the outdoor air-sending device 4, the in-
door air-sending devices 10a and 10b, and the feed pump
17 are activated. This causes a low-pressure gas refrig-
erant to be suctioned into and compressed by the com-
pressor 1, thereby becoming a high-temperature high-
pressure gas refrigerant. Subsequently, the high-temper-
ature high-pressure gas refrigerant flows through the first
four-way valve 2.
[0075] The refrigerant flowing into the first four-way
valve 2 flows out of the heat source unit 301 and travels
through the hot-water-supply gas extension pipe 15 so
as to flow into the hot-water-supply unit 304. The refrig-
erant flowing into the hot-water-supply unit 304 flows into
the plate-type water heat exchanger 16 where the refrig-
erant condenses by exchanging heat with water supplied
by the feed pump 17 so as to become a high-pressure
liquid refrigerant, which then flows out of the plate-type
water heat exchanger 16. The refrigerant having heated
the water at the plate-type water heat exchanger 16 flows
out of the hot-water-supply unit 304, travels through the
hot-water-supply liquid pipe 18, flows into the branch unit
302, and is then reduced in pressure by the hot-water-
supply pressure-reducing mechanism 19, thereby be-
coming a low-pressure two-phase gas-liquid refrigerant.
Subsequently, the refrigerant flows out of the branch unit
302 and flows into the heat source unit 301 via the liquid
extension pipe 6.
[0076] In the hot-water-supply operation mode, the
opening degree of the hot-water-supply pressure-reduc-
ing mechanism 19 is controlled by the control unit 103
such that the degree of subcooling at the liquid side of
the plate-type water heat exchanger 16 is made equal to
a predetermined value. The degree of subcooling at the
liquid side of the plate-type water heat exchanger 16 is
determined by calculating a saturation temperature (i.e.,
a calculated condensing temperature) from a pressure
(i.e., a high pressure) detected by the high-pressure sen-
sor 201 (i.e., a high-pressure sensor) and then subtract-
ing a temperature detected by the liquid temperature sen-
sor 209 therefrom. The hot-water-supply pressure-re-
ducing mechanism 19 controls the flow rate of refrigerant
flowing through the plate-type water heat exchanger 16
so that the degree of subcooling of the refrigerant at the
liquid side of the plate-type water heat exchanger 16 is
made equal to the predetermined value. Therefore, the
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high-pressure liquid refrigerant condensed by the plate-
type water heat exchanger 16 turns into a state with a
predetermined degree of subcooling. Accordingly, the
flow rate of refrigerant flowing through the plate-type wa-
ter heat exchanger 16 corresponds to a hot-water-supply
request according to the usage condition of hot water in
a facility where the hot-water-supply unit 304 is installed.
[0077] The refrigerant flowing out of the branch unit
302 travels through the liquid extension pipe 6, flows into
the heat source unit 301, passes through the outdoor
pressure-reducing mechanism 5, and then flows into the
outdoor heat exchanger 3. The opening degree of the
outdoor pressure-reducing mechanism 5 is controlled so
that it is in a completely open state. The refrigerant flow-
ing into the outdoor heat exchanger 3 evaporates by ex-
changing heat with outdoor air supplied by the outdoor
air-sending device 4, thereby becoming a low-pressure
gas refrigerant. This refrigerant flows out of the outdoor
heat exchanger 3, travels through the first four-way valve
2, passes through the accumulator 14, and is then suc-
tioned into the compressor 1 again.
[0078] The operating frequency of the compressor 1
is controlled to a high value by the control unit 103. Spe-
cifically, in the case of the hot-water-supply operation,
the controller 110 ensures a high hot-water-supply ca-
pacity so as to increase the water temperature in the hot-
water-supply tank 305 to a preset hot-water-supply tem-
perature as quickly as possible in response to a hot-wa-
ter-supply request signal detected by the hot-water-sup-
ply-tank water temperature sensor 210. Furthermore, the
quantity of air from the outdoor air-sending device 4 is
controlled by the control unit 103 such that the evaporat-
ing temperature is made equal to a predetermined value
in accordance with the outdoor-air temperature detected
by the outdoor-air temperature sensor 205. The evapo-
rating temperature in this case is the temperature detect-
ed by the outdoor liquid temperature sensor 204.
[0079] If the hot-water-supply temperature is high
(e.g., 60 degrees C), the inlet water temperature (i.e., the
temperature of water flowing into the connection section
25) of the plate-type water heat exchanger 16 also be-
comes high, causing the condensing temperature to in-
crease. In this case, if the operating frequency of the
compressor 1 is controlled to a high value, the high pres-
sure increases to a value outside an appropriate operat-
ing range of the compressor 1. Therefore, if a condensing
temperature calculated from a detected value of the high-
pressure sensor 201 reaches an upper limit value (e.g.,
60 degrees C), condensing-temperature control shown
in expressions (1) and (2) is performed on the compres-
sor 1 so as to prevent the condensing temperature from
increasing.
[Math. 1] 

[Math. 2] 

[0080] In this case, Fm denotes a target operating fre-
quency [Hz] of the compressor 1, F denotes a current
operating frequency [Hz] of the compressor 1, ΔF de-
notes a change [Hz] in the operating frequency of the
compressor 1, CTm denotes a target condensing-tem-
perature value [degrees C], CT denotes a calculated con-
densing temperature [degrees C], and kCT,Comp denotes
gain compensation [-] for a change in the operating fre-
quency of the compressor.
[0081] The target condensing-temperature value CTm
is, for example, a maximum condensing-temperature val-
ue (e.g., 60 degrees C) allowable in an appropriate usage
range of the compressor 1. The condensing temperature
CT is a saturation temperature calculated from the pres-
sure detected by the high-pressure sensor 201. The gain
compensation kCT,Comp for a change in the operating fre-
quency of the compressor is set to a value based on tests
or simulation such that the condensing temperature CT
does not increase from the target condensing-tempera-
ture value CTm and that the frequency does not decrease
rapidly. Although the high-pressure sensor 201 is provid-
ed between the compressor 1 and the first four-way valve
2 in Embodiment 1, the configuration is not limited to this.
The high-pressure sensor 201 may be provided at any
position between the liquid side of the hot-water-supply
pressure-reducing mechanism 19 and the discharge side
of the compressor 1, which is located at the high-pressure
side of the refrigeration cycle. If the high-pressure sensor
201 is disposed between the first four-way valve 2 and
the liquid side of the hot-water-supply pressure-reducing
mechanism 19, an additional pressure sensor for deter-
mining the condensing temperature in the heating oper-
ation mode B is disposed between the compressor 1 and
the second four-way valve 13.
[0082] If the calculated condensing temperature CT
reaches the target condensing-temperature value CTm
during the high-temperature-water supply, CT becomes
higher than CTm. In that case, the operating frequency
of the compressor 1 is decreased in accordance with
expressions (1) and (2), whereby the condensing tem-
perature CT can be prevented from being higher than
the target condensing-temperature value CTm. When
the operating frequency of the compressor 1 decreases,
the hot-water-supply capacity decreases. In order to ad-
just the amount of decrease in the hot-water-supply ca-
pacity, pressure-reducing-mechanism opening-degree
control is performed so that a predetermined hot-water-
supply capacity can be ensured. In Embodiment 1, the
opening degree of the hot-water-supply pressure-reduc-
ing mechanism 19 is controlled. Specifically, the opening
degree of the hot-water-supply pressure-reducing mech-
anism 19 is controlled in accordance with expressions
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(3) and (4) so that the predetermined hot-water-supply
capacity can be ensured.
[Math. 3] 

[Math. 4] 

[0083] In this case, Sj denotes an opening degree
[pulse] of the pressure-reducing mechanism after chang-
ing the opening degree thereof, Sj-1 denotes a current
opening degree [pulse] of the pressure-reducing mech-
anism, ΔSj denotes a change [pulse] in the opening de-
gree of the pressure-reducing mechanism, and Sjm de-
notes a target opening degree [pulse] of the pressure-
reducing mechanism (sometimes referred to as "target
pressure-reducing-mechanism opening-degree value").
[0084] The target opening degree Sjm [pulse] of the
pressure-reducing mechanism can be determined at the
development stage in the following manner.
[0085] Fig. 7 illustrates the relationship between the
hot-water-supply capacity and the operation efficiency.
Fig. 7(a) illustrates the hot-water-supply capacity of the
plate-type water heat exchanger 16 relative to the open-
ing degree of the hot-water-supply pressure-reducing
mechanism 19. The abscissa axis denotes the opening
degree of the hot-water-supply pressure-reducing mech-
anism 19, whereas the ordinate axis denotes a target
hot-water-supply capacity value of the plate-type water
heat exchanger 16. Fig. 7(b) illustrates the operation ef-
ficiency (COP) relative to the opening degree of the hot-
water-supply pressure-reducing mechanism 19. The ab-
scissa axis denotes the opening degree of the hot-water-
supply pressure-reducing mechanism 19, whereas the
ordinate axis denotes the operation efficiency. When the
inlet water temperature during high-temperature-water
supply increases and condensing-temperature control is
to be performed on the compressor 1, the hot-water-sup-
ply capacity of the plate-type water heat exchanger 16
and the operation efficiency (COP) change as shown in
Figs. 7(a) and 7(b) relative to the opening degree of the
hot-water-supply pressure-reducing mechanism 19. Be-
cause the operating frequency of the compressor 1 be-
comes higher as the opening degree of the hot-water-
supply pressure-reducing mechanism 19 increases, the
hot-water-supply capacity increases. In contrast, the op-
eration efficiency decreases. The target opening degree
Sjm of the pressure-reducing mechanism can be set
based on Fig. 7 as an opening degree that achieves a
minimum-required hot-water-supply capacity to be en-
sured. Specifically, the target opening-degree value is
set in correspondence with a target value for the hot-
water-supply capacity (i.e., heat-radiation capacity) of

the plate-type water heat exchanger 16 (i.e., first radia-
tor). The target opening degree Sjm of the pressure-re-
ducing mechanism is determined based on tests or sim-
ulation at the development stage. Furthermore, as the
hot-water-supply temperature becomes higher and the
inlet water temperature increases (i.e., as CT increases
when CT>CTm), the operating frequency of the compres-
sor 1 is decreased by performing the condensing-tem-
perature control (i.e., expressions (1) and (2)) on the com-
pressor 1, causing the hot-water-supply capacity to de-
crease. Therefore, the target opening degree is deter-
mined when the inlet water temperature is at the maxi-
mum. The inlet water temperature is estimated such that,
for example, when the maximum value of the hot-water-
supply temperature is 60 degrees C and the hot-water-
supply capacity is a rated hot-water-supply capacity, the
amount of flowing water causes the temperature differ-
ence between the inlet water temperature and the outlet
water temperature of the plate-type water heat exchang-
er 16 to be 5 degrees C. In this case, since the hot-water-
supply temperature is 60 degrees C, the outlet water tem-
perature is 60 degrees C and the inlet water temperature
is 55 degrees C. In other words, the maximum inlet water
temperature is 55 degrees C. Because the hot-water-
supply capacity increases as the inlet water temperature
decreases, the minimum-required hot-water-supply ca-
pacity (i.e., the heat-radiation capacity of the plate-type
water heat exchanger 16) can be ensured by determining
the target opening degree when the inlet water temper-
ature is at the maximum. Furthermore, it is obvious from
Fig. 7 that, by lowering the target hot-water-supply ca-
pacity and lowering the target opening degree Sjm, the
operation efficiency can be increased.
[0086] The target hot-water-supply capacity value of
the plate-type water heat exchanger 16 may be set in
correspondence with an upper limit value in design for
the inlet water temperature of the water flowing into the
water pipe of the plate-type water heat exchanger 16
from the downstream water pipe 21.
[0087] When an operation is actually performed with
the target opening degree Sjm of the pressure-reducing
mechanism described above, the condensing-tempera-
ture control is performed on the compressor 1, and the
operation is performed with the target opening degree
Sjm of the pressure-reducing mechanism as a fixed value
regardless of the operating frequency of the compressor
1. Therefore, the minimum-required hot-water-supply ca-
pacity can be ensured when the inlet water temperature
is 55 degrees C, and the operating frequency of the com-
pressor is increased when the inlet water temperature is
low at 54 degrees C or 53 degrees C. Because the hot-
water-supply capacity increases in proportion to the op-
erating frequency of the compressor, the hot-water-sup-
ply capacity is excessive when the inlet water tempera-
ture is low, leading to reduced operating efficiency even
though the time required for completing the hot-water-
supply operation can be shortened. If the minimum-re-
quired hot-water-supply capacity can be ensured, it is
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desirable that the hot-water-supply operation be per-
formed at the highest possible operation efficiency.
Therefore, when the inlet water temperature is low at 54
degrees C or 53 degrees C, the opening degree of the
hot-water-supply pressure-reducing mechanism 19 may
be reduced to suppress an excessive hot-water-supply
capacity, so that the minimum-required hot-water-supply
capacity can be ensured. Reducing the opening degree
of the hot-water-supply pressure-reducing mechanism
19 causes a pressure difference in the hot-water-supply
pressure-reducing mechanism 19 to increase and the
condensing temperature to increase, resulting in a lower
operating frequency of the compressor 1.
[0088] Fig. 8 illustrates tests performed when perform-
ing control for changing the target opening-degree value
of the hot-water-supply pressure-reducing mechanism in
accordance with the frequency of the compressor. The
contents of the tests are shown in Fig. 8 for explaining
how the control is performed in detail. For determining
the target opening degree of the pressure-reducing
mechanism at the development stage mentioned above,
the tests are performed when the inlet water temperature
is at the maximum at 55 degrees C and also when the
inlet water temperature is 54 degrees C and 53 degrees
C, and target opening degrees Sjm of the pressure-re-
ducing mechanism that achieve the minimum-required
hot-water-supply capacity to be ensured when the con-
densing-temperature control is performed on the com-
pressor 1 (the target condensing temperature is set to,
for example, 60 degrees C) are determined. In this case,
a compressor frequency F is also recorded, and a func-
tion f(F) of the target opening degree Sjm of the pressure-
reducing mechanism relative to the compressor frequen-
cy F is created from a point obtained from each test. The
function of the target opening degree Sjm of the pressure-
reducing mechanism can be obtained with higher accu-
racy by increasing the number of tested inlet-water-tem-
perature points. Furthermore, because the operating fre-
quency of the compressor 1 becomes higher and the
refrigerant flow rate increases as the inlet water temper-
ature decreases, the target opening degree Sjm of the
pressure-reducing mechanism also increases. In the ac-
tual operation, when the condensing-temperature control
is performed on the compressor 1, the target opening
degree Sjm of the pressure-reducing mechanism is de-
termined from the function f(F) shown in expression (5),
which is created at the development stage. The controller
110 stores the following expression (5) in the storage unit
104 as frequency/opening-degree correspondence infor-
mation.
[Math. 5] 

[0089] By performing the operation in this manner, high
operating efficiency can be achieved while the minimum-

required hot-water-supply capacity is ensured.
[0090] Fig. 9 illustrates the relationship between the
outdoor-air temperature and the target opening-degree
value. As shown in Fig. 9, since the pressure at the low-
pressure side increases and the pressure at the high-
pressure side increases as the outdoor-air temperature
increases, the operating frequency of the compressor 1
decreases, causing the target opening-degree value Sjm
for ensuring the hot-water-supply capacity to increase.
By changing the target opening-degree value Sjm in ac-
cordance with the outdoor-air temperature, a constant
hot-water-supply capacity can also be ensured relative
to a change in the outdoor-air temperature, such as an
increase in the outdoor-air temperature.
[0091] The controller 110 stores the relationship be-
tween the outdoor-air temperature and the target open-
ing-degree value shown in Fig. 9 in the storage unit 104
as outdoor-air-temperature/opening-degree corre-
spondence information. When the condensing-tempera-
ture control and the opening-degree control are concur-
rently performed, the control unit 103 of the controller
110 refers to the outdoor-air-temperature/opening-de-
gree correspondence information so as to identify a tar-
get opening-degree value corresponding to an outdoor-
air temperature detected by the outdoor-air temperature
sensor 205 from the outdoor-air-temperature/opening-
degree correspondence information, and uses the iden-
tified target opening-degree value as a target opening-
degree value in the opening-degree control.
[0092] For determining the target opening degree Sjm
of the pressure-reducing mechanism, a target opening
degree is determined from tests performed at the devel-
opment stage so as to achieve a constant hot-water-sup-
ply capacity. However, because there are individual dif-
ferences among pressure-reducing mechanisms in ac-
tuality, a constant hot-water-supply capacity is some-
times not achieved even if the same pressure-reducing
mechanism is used. The following configuration can be
used to solve this problem. By determining the hot-water-
supply capacity directly from the operational state of the
actual system in operation and setting a target opening
degree of the pressure-reducing mechanism that can at
least ensure a "target constant hot-water-supply capac-
ity" by using the determined hot-water-supply capacity,
variations in hot-water-supply capacity caused by indi-
vidual differences among pressure-reducing mecha-
nisms or degradation over time can be prevented, there-
by preventing an unexpected decrease in hot-water-sup-
ply capacity.
[0093] Fig. 10 illustrates the relationships among a hot-
water-supply capacity Qc, an evaporating capacity Qe,
and a compressor input W. The following description re-
lates to a specific method. A sum of the evaporating ca-
pacity of the outdoor heat exchanger 3 and the input of
the compressor 1 is equal to the hot-water-supply capac-
ity of the plate-type water heat exchanger 16. Therefore,
the hot-water-supply capacity is determined by determin-
ing the evaporating capacity of the outdoor heat exchang-
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er 3 and the input of the compressor 1 (i.e., compressing
work done on the refrigerant by the compressor 1). A
table showing the evaporating capacity relative to a tem-
perature difference between the outdoor-air temperature
and the evaporating temperature is created based on
tests, and the evaporating capacity of the outdoor heat
exchanger 3 is determined by using the table.
[0094] Fig. 11 illustrates the contents of tests per-
formed at the development stage when performing con-
trol for changing the target opening-degree value in ac-
cordance with the hot-water-supply capacity. The con-
tents of the tests are shown in Fig. 11. The condensing-
temperature control is performed on the compressor 1,
and the opening degree of the hot-water-supply pres-
sure-reducing mechanism 19 that can ensure the hot-
water-supply capacity at a maximum inlet water temper-
ature of 55 degrees C is determined. The "difference be-
tween the outdoor-air temperature and the evaporating
temperature" and the "evaporating capacity" of the out-
door heat exchanger 3 at that point are recorded. In Em-
bodiment 1, the evaporating temperature is based on a
detected value of the outdoor liquid temperature sensor
204. Subsequently, in a state where the opening degree
is slightly changed (to, for example, about 50 pulses)
from the previously-determined opening degree of the
hot-water-supply pressure-reducing mechanism 19, the
"difference between the outdoor-air temperature and the
evaporating temperature" and the evaporating capacity
of the outdoor heat exchanger 3 at that point are record-
ed. The blanks in Fig. 11 are filled in this manner. By
completing the table in Fig. 11 and applying it to the actual
operation, the evaporating capacity can be calculated
from the outdoor-air temperature and the evaporating
temperature. If a difference between the outdoor-air tem-
perature and the evaporating temperature that is not de-
termined in the tests is detected in the actual operation,
the values on the table are linearly-interpolated so as to
determine the evaporating capacity. Specifically, the re-
lationship between the "difference between the outdoor-
air temperature and the evaporating temperature" and
the evaporating capacity obtained in Fig. 11 is input to
the controller 110. The controller 110 interpolates the re-
sults of the relationship (three sets thereof in Fig. 11)
between the "difference between the outdoor-air temper-
ature and the evaporating temperature" and the evapo-
rating capacity and calculates a function of the evaporat-
ing capacity and the "difference between the outdoor-air
temperature and the evaporating temperature".
[0095] The input W [kW] of the compressor 1 can be
calculated from the operating frequency F [Hz] of the
compressor 1, the condensing temperature CT [degrees
C], and an evaporating temperature ET [degrees C] by
using the following expression (6). The degree of super-
heat at the inlet of the compressor is simply set to zero.
[Math. 6] 

[0096] The operating frequency F of the compressor 1
is obtained as operation information. The condensing
temperature CT is obtained as a saturation pressure de-
tected by the high-pressure sensor 201. The evaporating
temperature ET is determined in a manner similar to how
the evaporating capacity is calculated. Accordingly, since
the evaporating capacity Qe [kW] and the input W [kW]
of the compressor 1 can be determined, the hot-water-
supply capacity Qc [kW] can be determined from expres-
sion (7).
[Math. 7] 

[0097] The target opening degree Sjm of the pressure-
reducing mechanism can be determined from the deter-
mined hot-water-supply capacity Qc and a target mini-
mum-required hot-water-supply capacity value Qcm
[kW].
[Math. 8] 

[0098] In this case, kQc,Sjm denotes gain compensation
[-] for a change in the target opening degree of the pres-
sure-reducing mechanism and is determined from tests
or simulation. By determining the hot-water-supply ca-
pacity from the evaporating capacity and the input of the
compressor 1 in this manner, the target opening degree
Sjm of the pressure-reducing mechanism is determined.
Accordingly, variations in hot-water-supply capacity
caused by individual differences among pressure-reduc-
ing mechanisms can be suppressed, so that the mini-
mum-required hot-water-supply capacity can be ensured
during the high-temperature-water supply in any actual
system. Because the target opening degree Sjm of the
pressure-reducing mechanism is calculated by determin-
ing the hot-water-supply capacity by using the outdoor-
air temperature in this method, the outdoor-air tempera-
ture compensation shown in Fig. 9 is not necessary.
[0099] This will be described in detail below. The con-
troller 110 receives data of two or more sets of a temper-
ature difference between the outdoor-air temperature
around the outdoor heat exchanger 3 and the evaporat-
ing temperature of the outdoor heat exchanger 3 and the
evaporating capacity of the outdoor heat exchanger 3
corresponding to this temperature difference. Based on
the input data, the controller 110 determines a functional
relationship between the temperature difference and the
evaporating capacity by interpolation and refers to the
determined functional relationship so as to identify, from
the functional relationship, the evaporating capacity that
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corresponds to the temperature difference between the
outdoor-air temperature detected by the outdoor-air tem-
perature sensor 205 and the evaporating temperature
detected by the outdoor liquid temperature sensor 204.
Then, the controller 110 calculates a compressor input
W, which indicates the compressing work done on the
refrigerant by the compressor, from the operating fre-
quency of the compressor 1, the calculated condensing
temperature, and the evaporating temperature detected
by the outdoor liquid temperature sensor 204 (expression
(6)). Furthermore, the controller 110 calculates the hot-
water-supply capacity Qc of the plate-type water heat
exchanger 16 from the identified evaporating capacity
Qe and the calculated compressor input W (expression
(7)). The controller 110 determines a target opening-de-
gree value in accordance with a difference between the
calculated hot-water-supply capacity Qc and a prelimi-
narily-stored target hot-water-supply-capacity value
Qcm, and uses the determined target opening-degree
value as a target opening-degree value in the opening-
degree control (expression (8)).
[0100] Fig. 12 is a flowchart illustrating the flow for de-
termining whether the high-temperature-water supply is
to be performed or the hot-water-supply (i.e., normal hot-
water supply) other than the high-temperature-water-
supply is to be performed. First, in step S11, the controller
110 determines whether the condensing temperature
has increased to a value higher than a predetermined
value CTm. The predetermined value CTm for the con-
densing temperature is, for example, a maximum value
(e.g., 60 degrees C) of an appropriate usage range of
the compressor 1. If the condensing temperature CT has
increased to a value higher than the predetermined val-
ue, the process proceeds to step S12 where the high-
temperature-water-supply operation is performed by per-
forming the condensing-temperature control shown in
expressions (1) and (2) on the compressor 1 and per-
forming the opening-degree control shown in expres-
sions (3) and (4) on the hot-water-supply pressure-re-
ducing mechanism 19. If the condensing temperature CT
is lower than the predetermined value, the process pro-
ceeds to step S13 where the normal hot-water-supply
operation is performed by performing normal control on
the compressor 1 and the hot-water-supply pressure-re-
ducing mechanism 19. This reliably allows for switching
to high-temperature-water supply control in response to
an increase in the condensing temperature CT, thereby
suppressing an increase in the condensing temperature.
[0101] With the above process, the hot-water-supply
operation is performed in response to a hot-water-supply
request, and condensing-temperature control is per-
formed on the compressor and opening-degree control
is performed on the pressure-reducing mechanism dur-
ing the high-temperature-water supply in which the con-
densing temperature becomes higher than the predeter-
mined value CTm, thereby suppressing an excessive in-
crease in high pressure and achieving a predetermined
hot-water-supply capacity.

[0102] Although the hot-water-supply pressure-reduc-
ing mechanism 19 is used as a pressure-reducing mech-
anism whose opening degree is controlled during the
high-temperature-water supply in which the condensing
temperature CT becomes higher than or equal to the pre-
determined value CTm in Embodiment 1, this is merely
an example. The controlled subject is not limited to the
hot-water-supply pressure-reducing mechanism 19, and
the opening-degree control may alternatively be per-
formed on the outdoor pressure-reducing mechanism 5.
In this case, similar to how the opening degree of the
outdoor pressure-reducing mechanism 5 is controlled so
that it is in a completely open state when the hot-water-
supply pressure-reducing mechanism 19 is used as a
pressure-reducing mechanism whose opening degree is
controlled, the opening degree of the hot-water-supply
pressure-reducing mechanism 19 is controlled so that it
is in a completely open state.
[0103] Furthermore, although the integrated air-condi-
tioning and hot-water-supply system 100 is described as
an example in Embodiment 1, the high-temperature-wa-
ter-supply control according to the technology developed
in the present invention can also be applied to the hot-
water-supply operation in a hot-water-supply system in
which the heat source unit 301 and the hot-water-supply
unit 304 are connected by a refrigerant communication
pipe, specifically, a hot-water-supply system that does
not have an air-conditioning function but is only capable
of performing the hot-water-supply operation.
[0104] Furthermore, although an R410A refrigerant
whose operating pressure becomes lower than or equal
to the critical pressure is used as the refrigerant in Em-
bodiment 1, the refrigerant is not limited to an R410A
refrigerant and may alternatively be, for example, a re-
frigerant, such as a CO2 refrigerant, whose operating
pressure becomes higher than or equal to the critical
pressure (i.e., a refrigerant whose pressure at the high-
pressure side, such as the pressure at the discharge side
of the compressor, becomes higher than or equal to the
critical pressure). In this case, when the pressure (high
pressure) detected by the high-pressure sensor 201 of
the controller becomes higher than or equal to a prede-
termined high pressure (e.g., 14.5 MPaG when a CO2
refrigerant is used), high-pressure control shown in ex-
pressions (9) and (10) is performed on the compressor
1 so as to prevent the high pressure from increasing.
[Math. 9] 

[Math. 10] 

[0105] In this case, Fm denotes a target operating fre-
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quency [Hz] of the compressor 1, F denotes a current
operating frequency [Hz] of the compressor 1, ΔF de-
notes a change [Hz] in the operating frequency of the
compressor 1, Pmhigh denotes a target high-pressure val-
ue [MPaG], Phigh denotes a calculated condensing tem-
perature [MPaG], and kP,comp denotes gain compensa-
tion [-] for a change in the operating frequency of the
compressor.
[0106] The target high-pressure value Pmhigh is, for ex-
ample, a maximum high-pressure value (e.g., 14.5 MPaG
when a CO2 refrigerant is used) allowable in the appro-
priate usage range of the compressor 1. Furthermore, in
order to adjust the amount of decrease in hot-water-sup-
ply capacity, the opening degree of the hot-water-supply
pressure-reducing mechanism 19 is controlled based on
expressions (3) and (4) so that a predetermined hot-wa-
ter-supply capacity can be ensured. By performing the
control in this manner, the technology according to the
present invention can be applied to a refrigerant that op-
erates at the critical pressure or higher, similar to a re-
frigerant that operates at the critical pressure or lower,
such as an R410A refrigerant, thereby suppressing an
excessive increase in high pressure during the high-tem-
perature-water supply so as to achieve the predeter-
mined hot-water-supply capacity.

Simultaneous Heating and Hot-Water-Supply Operation 
Mode D

[0107] In the simultaneous heating and hot-water-sup-
ply operation mode D (i.e., concurrent heat-radiation op-
eration), the first four-way valve 2 is in the "dash-line"
state in Fig. 4. This means that the discharge side of the
compressor 1 is connected to the gas side of the plate-
type water heat exchanger 16, and the suction side of
the compressor 1 is connected to the gas side of the
outdoor heat exchanger 3. The second four-way valve
13 is in the "dash-line" state. This means that the dis-
charge side of the compressor 1 is connected to the gas
side of the indoor heat exchangers 9a and 9b. Although
both the first four-way valve 2 and the second four-way
valve 13 are in the "dash-line" state, as in the "heating
operation mode", the hot-water-supply pressure-reduc-
ing mechanism 19 is open in the simultaneous heating
and hot-water-supply operation mode D, unlike in the
"heating operation mode" in which the hot-water-supply
pressure-reducing mechanism 19 is closed.
[0108] While the refrigerant circuit is in this state, the
compressor 1, the outdoor air-sending device 4, the in-
door air-sending devices 10a and 10b, and the feed pump
17 are activated. This causes a low-pressure gas refrig-
erant to be suctioned into and compressed by the com-
pressor 1, thereby becoming a high-temperature high-
pressure gas refrigerant. Subsequently, the high-temper-
ature high-pressure gas refrigerant is distributed so as
to flow through the first four-way valve 2 and the second
four-way valve 13.
[0109] The refrigerant flowing into the first four-way

valve 2 flows out of the heat source unit 301 and travels
through the hot-water-supply gas extension pipe 15 so
as to flow into the hot-water-supply unit 304. The refrig-
erant flowing into the hot-water-supply unit 304 flows into
the plate-type water heat exchanger 16 where the refrig-
erant condenses by exchanging heat with water supplied
by the feed pump 17 so as to become a high-pressure
liquid refrigerant, which then flows out of the plate-type
water heat exchanger 16. The refrigerant having heated
the water at the plate-type water heat exchanger 16 flows
out of the hot-water-supply unit 304, travels through the
hot-water-supply liquid pipe 18, flows into the branch unit
302, and is then reduced in pressure by the hot-water-
supply pressure-reducing mechanism 19, thereby be-
coming a low-pressure two-phase gas-liquid refrigerant.
Subsequently, the refrigerant merges with the refrigerant
flowing from the indoor pressure-reducing mechanisms
7a and 7b and flows out of the branch unit 302. A flow
path branching from the discharge side of the compres-
sor 1 and extending through the second four-way valve
13, the indoor heat exchangers 9a and 9b, and the indoor
pressure-reducing mechanisms 7a and 7b serves as a
branch flow path relative to a flow path for the hot-water-
supply operation.
[0110] The opening degree of the hot-water-supply
pressure-reducing mechanism 19 is controlled by the
control unit 103 such that the degree of subcooling at the
liquid side of the plate-type water heat exchanger 16 is
made equal to a predetermined value. The degree of
subcooling at the liquid side of the plate-type water heat
exchanger 16 is similar to that in the hot-water-supply
operation. The hot-water-supply pressure-reducing
mechanism 19 controls the flow rate of refrigerant flowing
through the plate-type water heat exchanger 16 so that
the degree of subcooling of the refrigerant at the liquid
side of the plate-type water heat exchanger 16 is made
equal to the predetermined value. Therefore, the high-
pressure liquid refrigerant condensed by the plate-type
water heat exchanger 16 turns into a state with a prede-
termined degree of subcooling. Accordingly, the flow rate
of refrigerant flowing through the plate-type water heat
exchanger 16 corresponds to a hot-water-supply request
according to the usage condition of hot water in the facility
where the hot-water-supply unit 304 is installed.
[0111] On the other hand, the refrigerant flowing into
the second four-way valve 13 flows out of the heat source
unit 301 and travels through the gas extension pipe 12
so as to flow to the branch unit 302. Subsequently, the
refrigerant travels through the indoor gas pipes 11a and
11b so as to flow into the use-side units 303a and 303b.
The refrigerant flowing into the use-side units 303a and
303b flows into the indoor heat exchangers 9a and 9b
where the refrigerant condenses by exchanging heat with
indoor air supplied by the indoor air-sending devices 10a
and 10b so as to become a high-pressure liquid refriger-
ant, which then flows out of the indoor heat exchangers
9a and 9b. The refrigerant having heated the indoor air
at the indoor heat exchangers 9a and 9b flows out of the
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use-side units 303a and 303b and travels through the
indoor liquid pipes 8a and 8b so as to flow into the branch
unit 302. The refrigerant is then reduced in pressure by
the indoor pressure-reducing mechanisms 7a and 7b,
thereby becoming a low-pressure, two-phase gas-liquid
or liquid-phase refrigerant. Subsequently, the refrigerant
flowing out of the indoor pressure-reducing mechanisms
7a and 7b merges with the refrigerant flowing from the
hot-water-supply pressure-reducing mechanism 19 and
flows out of the branch unit 302.
[0112] Each of the indoor pressure-reducing mecha-
nisms 7a and 7b is controlled such that a temperature
difference (i.e., a heated-room temperature difference)
obtained by subtracting a preset indoor temperature from
an indoor suction temperature detected by the indoor
suction temperature sensor 208a or 208b (i.e., an indoor
temperature sensor) in corresponding use-side unit 303a
or 303b is eliminated. Therefore, the flow rate of refrig-
erant flowing through the indoor heat exchangers 9a and
9b corresponds to the heating load requested in the air-
conditioned space where the use-side units 303a and
303b are installed.
[0113] The refrigerant flowing out of the branch unit
302 travels through the liquid extension pipe 6, flows into
the heat source unit 301, passes through the outdoor
pressure-reducing mechanism 5, and then flows into the
outdoor heat exchanger 3. The opening degree of the
outdoor pressure-reducing mechanism 5 is controlled so
that it is in a completely open state. The refrigerant flow-
ing into the outdoor heat exchanger 3 evaporates by ex-
changing heat with outdoor air supplied by the outdoor
air-sending device 4, thereby becoming a low-pressure
gas refrigerant. This refrigerant flows out of the outdoor
heat exchanger 3, travels through the first four-way valve
2, passes through the accumulator 14, and is then suc-
tioned into the compressor 1 again.
[0114] Since there is a hot-water-supply request signal
detected by the hot-water-supply-tank water temperature
sensor 210, the operating frequency of the compressor
1 is controlled to a high value by the control unit 103 so
that a high hot-water-supply capacity can be ensured.
The quantity of air from the outdoor air-sending device 4
is controlled by the control unit 103 such that the evap-
orating temperature is made equal to a predetermined
value in accordance with the outdoor-air temperature de-
tected by the outdoor-air temperature sensor 205. The
evaporating temperature in this case is the temperature
detected by the outdoor liquid temperature sensor 204.
[0115] If the hot-water-supply temperature is a high
temperature (e.g., 60 degrees C), the inlet water temper-
ature of the plate-type water heat exchanger 16 also be-
comes high, causing the condensing temperature to in-
crease. Unlike the case of the hot-water-supply opera-
tion, the heating operation is performed in the use-side
units 303a and 303b in the simultaneous heating and
hot-water-supply operation mode D. Therefore, even if
the condensing-temperature control shown in expres-
sions (1) and (2) is performed on the compressor 1 and

the opening-degree control shown in expressions (3) and
(4) is performed on the hot-water-supply pressure-reduc-
ing mechanism 19, the hot-water-supply capacity some-
times cannot be ensured, and the opening degree of the
hot-water-supply pressure-reducing mechanism 19 is
controlled regardless of the state in the heated room.
Consequently, a heating capacity cannot be ensured in
the use-side units 303a and 303b, possibly resulting in
a non-heated state. Therefore, in the case of the simul-
taneous heating and hot-water-supply operation, the si-
multaneous heating and hot-water-supply operation is
stopped if the condensing temperature CT increases to
a value higher than a predetermined value. Then, the
controller 110 performs a switching process for alternate-
ly switching between the heating operation and the hot-
water-supply operation so that the heating operation and
the hot-water-supply operation are performed.
[0116] Fig. 13 is a flowchart illustrating the flow of an
operation method during the high-temperature-water
supply in the simultaneous heating and hot-water-supply
operation. Specifically, the operation is performed in ac-
cordance with the flowchart shown in Fig. 13. First, in
step S21, it is determined whether or not the condensing
temperature has increased to a value higher than a pre-
determined value. Similar to the case of the hot-water-
supply temperature, the predetermined value for the con-
densing temperature CT is, for example, a maximum con-
densing-temperature value (e.g., 60 degrees C) allowa-
ble in the appropriate usage range of the compressor 1.
If the condensing temperature CT is lower than or equal
to the predetermined value, normal control is continuous-
ly performed in the simultaneous heating and hot-water-
supply operation in step S22. If the condensing temper-
ature is above the predetermined value, the mode is
changed to a heating operation mode in step S23. In this
case, the use-side units 303a and 303b are set in a heat-
ing thermostat OFF state, and the following control is
performed for the purpose of changing to a hot-water-
supply operation mode. In the heating operation, the in-
door pressure-reducing mechanisms 7a and 7b are nor-
mally controlled so that a "heated-room temperature dif-
ference", which is equal to "indoor suction temperature
(detected by indoor suction temperature sensor) - preset
indoor temperature", is eliminated. The indoor pressure-
reducing mechanisms 7a and 7b are controlled so that
the "heated-room temperature difference" is a positive
value, such as +1 degree C (i.e., a predetermined positive
value) (S23). Moreover, the operating frequency of the
compressor 1 is controlled so that the condensing tem-
perature CT is made equal to the target value CTm. Nor-
mally, the target value CTm for the condensing temper-
ature is determined from a "heated-room temperature
difference" in the use-side unit 303a or 303b that has the
maximum heated-room temperature difference. Howev-
er, the target value CTm for the condensing temperature
is determined from a "heated-room temperature differ-
ence of -1 degree C" in the use-side unit 303a or 303b
that has the maximum heated-room temperature differ-
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ence of -1 degree C. By performing the control in this
manner, the "heated-room temperature difference" (i.e.,
indoor suction temperature - preset indoor temperature)
can be made equal to +1 degree C.
[0117] Subsequently, in step S24, it is determined
whether the heated-room temperature difference is
greater than or equal to +1 degree C. If the heated-room
temperature difference is smaller than +1 degree C, the
process returns to step S23. If the heated-room temper-
ature difference is greater than or equal to +1 degree C,
the process proceeds to step S25 where the use-side
units 303a and 303b are set in a thermostat OFF state
and the hot-water-supply unit 304 is set in a thermostat
ON state, thereby commencing the hot-water-supply op-
eration mode C. Specifically, the simultaneous heating
and hot-water-supply operation mode D is changed to
the hot-water-supply operation mode C. In other words,
the first four-way valve 2 and the second four-way valve
13 are set to the hot-water-supply operation mode C in
Fig. 4. This state is a high-temperature-water-supply
state since the condensing temperature CT is higher than
or equal to the predetermined value, and the controller
110 performs the condensing-temperature control on the
compressor 1 and the opening-degree control on the hot-
water-supply pressure-reducing mechanism 19. In step
S26, the controller 110 determines whether the heated-
room temperature difference (i.e., indoor suction temper-
ature - preset indoor temperature) is greater than or equal
to 0 degrees C. If the heated-room temperature differ-
ence is smaller than 0 degrees C, the process returns to
step S23 where the controller 110 performs the heating
operation mode B. If the heated-room temperature dif-
ference is greater than or equal to 0 degrees C, the proc-
ess proceeds to step S27 where the controller 110 de-
termines whether or not there is a hot-water-supply re-
quest (i.e., whether the hot-water supply is completed).
If there is a hot-water-supply request, the process returns
to step S25 where the controller 110 continues to perform
the hot-water-supply operation mode C. If there is no hot-
water-supply request, the process proceeds to step S28
where the controller 110 stops the hot-water-supply unit
304 and sets the use-side units 303a and 303b to a heat-
ing thermostat ON state so as to commence the normal
heating operation.
[0118] By performing the above procedure, a constant
heating capacity and a constant hot-water-supply capac-
ity can be ensured when there is a heating load and a
hot-water-supply request at the same time and when the
inlet water temperature is high in the high-temperature-
water supply.

Simultaneous Cooling and Hot-Water-Supply Operation 
Mode E

[0119] In the simultaneous cooling and hot-water-sup-
ply operation mode E (i.e., concurrent heat-absorption
and heat-radiation operation), the use-side units 303a
and 303b perform the cooling operation, and the hot-

water-supply unit 304 performs the hot-water-supply op-
eration. As shown in Fig. 4, in the simultaneous cooling
and hot-water-supply operation mode E, the first four-
way valve 2 is in the dash-line state, and the second four-
way valve 13 is in the solid-line state. This means that
the discharge side of the compressor 1 is connected to
the plate-type water heat exchanger 16 via the hot-water-
supply gas extension pipe 15, and the suction side of the
compressor 1 is connected to the gas side of the outdoor
heat exchanger 3. The refrigerant flowing out of the plate-
type water heat exchanger 16 travels through the hot-
water-supply pressure-reducing mechanism 19 and sub-
sequently diverges therefrom so as to flow into the indoor
pressure-reducing mechanisms 7a and 7b and into the
liquid extension pipe 6.
[0120] While the refrigerant circuit is in this state, the
compressor 1, the outdoor air-sending device 4, the in-
door air-sending devices 10a and 10b, and the feed pump
17 are activated, so that a low-pressure gas refrigerant
is suctioned into and compressed by the compressor 1,
thereby becoming a high-temperature high-pressure gas
refrigerant. Subsequently, the high-temperature high-
pressure gas refrigerant flows into the first four-way valve
2.
[0121] The refrigerant flowing into the first four-way
valve 2 flows out of the heat source unit 301 and travels
through the hot-water-supply gas extension pipe 15 so
as to flow into the hot-water-supply unit 304. The refrig-
erant flowing into the hot-water-supply unit 304 flows into
the plate-type water heat exchanger 16 where the refrig-
erant condenses by exchanging heat with water supplied
by the feed pump 17 so as to become a high-pressure
liquid refrigerant, which then flows out of the plate-type
water heat exchanger 16. The refrigerant having heated
the water at the plate-type water heat exchanger 16 flows
out of the hot-water-supply unit 304 and travels through
the hot-water-supply liquid pipe 18, so as to flow into the
branch unit 302.
[0122] The refrigerant flowing into the branch unit 302
is reduced in pressure by the hot-water-supply pressure-
reducing mechanism 19, thereby becoming an interme-
diate-pressure, two-phase gas-liquid or liquid-phase re-
frigerant. In this case, the hot-water-supply pressure-re-
ducing mechanism 19 is controlled to a maximum open-
ing degree. Subsequently, the refrigerant is distributed
so as to flow into the liquid extension pipe 6 and into the
indoor pressure-reducing mechanisms 7a and 7b. As
shown in Fig. 1, the refrigeration traveling toward the in-
door units diverges at a branch section 28. Furthermore,
in Fig. 1, flow paths constituted by the indoor pressure-
reducing mechanisms 7a and 7b (i.e., second pressure-
reducing mechanisms), the indoor heat exchangers 9a
and 9b (i.e., second evaporators), and the second four-
way valve 13 constitute heat-absorption branch flow
paths.
[0123] The refrigerant flowing into the indoor pressure-
reducing mechanisms 7a and 7b is reduced in pressure
into a low-pressure two-phase gas-liquid state and trav-
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els through the indoor liquid pipes 8a and 8b so as to
flow into the use-side units 303a and 303b. The refriger-
ant flowing into the use-side units 303a and 303b flows
into the indoor heat exchangers 9a and 9b where the
refrigerant evaporates by exchanging heat with indoor
air supplied by the indoor air-sending devices 10a and
10b, thereby becoming a low-pressure gas refrigerant.
[0124] In this case, each of the indoor pressure-reduc-
ing mechanisms 7a and 7b is controlled such that a tem-
perature difference (i.e., a cooled-room temperature dif-
ference) obtained by subtracting a preset temperature
from an indoor suction temperature detected by the in-
door suction temperature sensor 208a or 208b in corre-
sponding use-side unit 303a or 303b is eliminated. There-
fore, the flow rate of refrigerant flowing through the indoor
heat exchangers 9a and 9b corresponds to the cooling
load requested in the air-conditioned space where the
use-side units 303a and 303b are installed.
[0125] The refrigerant flowing out of the indoor heat
exchangers 9a and 9b flows out of the use-side units
303a and 303b and then travels through the indoor gas
pipes 11a and 11b, the branch unit 302, and the gas
extension pipe 12 so as to flow into the heat source unit
301. The refrigerant flowing into the heat source unit 301
passes through the second four-way valve 13 and then
merges with the refrigerant having passed through the
outdoor heat exchanger 3.
[0126] On the other hand, the refrigerant flowing into
the liquid extension pipe 6 flows into the heat source unit
301 and is reduced in pressure by the outdoor pressure-
reducing mechanism 5, thereby becoming a low-pres-
sure two-phase gas-liquid refrigerant. Subsequently, the
refrigerant flows into the outdoor heat exchanger 3 where
the refrigerant evaporates by exchanging heat with out-
door air supplied by the outdoor air-sending device 4.
Then, the refrigerant travels through the first four-way
valve 2 and merges with the refrigerant having passed
through the indoor heat exchangers 9a and 9b. Subse-
quently, the refrigerant passes through the accumulator
14 and is suctioned into the compressor 1 again.
[0127] In the case where the simultaneous cooling and
hot-water-supply operation mode E is in the hot-water-
supply priority mode, the water temperature in the hot-
water-supply tank 305 is increased to a preset hot-water-
supply temperature as quickly as possible in response
to a hot-water-supply request of the hot-water-supply unit
304. Thus, in order to ensure a high hot-water-supply
capacity, the control unit 103 controls the compressor 1
so as to increase the operating frequency thereof. There-
fore, heat absorption is necessary in the outdoor heat
exchanger 3 for achieving an equal cooling capacity for
the cooling loads of the use-side units 303a and 303b.
The opening degree of the outdoor pressure-reducing
mechanism 5 is controlled by the control unit 103 such
that the degree of superheat at the gas side of the outdoor
heat exchanger 3 is made equal to a predetermined val-
ue. The degree of superheat at the gas side of the outdoor
heat exchanger 3 is determined by subtracting the tem-

perature detected by the outdoor liquid temperature sen-
sor 204 from the temperature detected by the outdoor
gas temperature sensor 203. The quantity of air from the
outdoor air-sending device 4 is controlled such that the
evaporating temperature is made equal to a predeter-
mined value.
[0128] The evaporating temperature is the tempera-
ture detected by the indoor liquid temperature sensor
206a or 206b. The predetermined evaporating-temper-
ature value is determined from a temperature difference
(i.e., a cooled-room temperature difference), which is ob-
tained by subtracting a preset temperature from an indoor
suction temperature detected by the indoor suction tem-
perature sensor 208a or 208b, in the use-side unit 303a
or 303b that has the maximum heated-room temperature
difference in the use-side units 303a and 303b.
[0129] In the case where the simultaneous cooling and
hot-water-supply operation mode E is the cooling priority
mode, the operating frequency of the compressor 1 is
controlled by the control unit 103 such that the evaporat-
ing temperature is made equal to a predetermined value
in accordance with the cooling loads of the use-side units
303a and 303b. The predetermined evaporating-temper-
ature value is determined from a temperature difference
(i.e., a cooled-room temperature difference), which is ob-
tained by subtracting a preset temperature from an indoor
suction temperature detected by the indoor suction tem-
perature sensor 208a or 208b, in the use-side unit 303a
or 303b that has the maximum heated-room temperature
difference in the use-side units 303a and 303b. Because
the operating frequency of the compressor 1 is set in
accordance with the cooling loads of the use-side units
303a and 303b, there is no need to perform heat absorp-
tion in the outdoor heat exchanger 3. Therefore, the out-
door pressure-reducing mechanism 5 is controlled to a
small opening degree by the control unit 103, and the
outdoor air-sending device 4 is stopped by the control
unit 103.
[0130] In the simultaneous cooling and hot-water-sup-
ply operation mode E, the operation is normally per-
formed in the cooling priority mode and is performed in
accordance with the cooling load so as to achieve a fa-
vorable level of comfort inside. However, if the cooling
load is small, the operating frequency of the compressor
1 becomes low. If this causes the hot-water-supply ca-
pacity to be low for a long time, the time that it takes to
complete the hot-water-supply operation increases,
causing a shortage of hot water. In order to prevent such
a shortage of hot water, if a hot-water-supply request is
detected continuously for a certain period of time (e.g.,
two consecutive hours), the simultaneous cooling and
hot-water-supply operation mode E is performed in the
hot-water-supply priority mode so as to prevent the short-
age of hot water.
[0131] If the hot-water-supply temperature is a high
temperature (e.g., 60 degrees C), the inlet water temper-
ature of the plate-type water heat exchanger 16 also be-
comes high, causing the condensing temperature CT to
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increase. Unlike the case of the hot-water-supply oper-
ation, the cooling operation is performed in the use-side
units 303a and 303b in the simultaneous cooling and the
hot-water-supply operation. Therefore, when the con-
densing-temperature control shown in expressions (1)
and (2) is performed on the compressor 1 and the open-
ing-degree control shown in expressions (3) and (4) is
performed on the hot-water-supply pressure-reducing
mechanism 19, the operating frequency of the compres-
sor 1 becomes low in the condensing-temperature con-
trol. Thus, a cooling capacity cannot be ensured in the
use-side units 303a and 303b, sometimes resulting in a
"non-cooled" state. Therefore, if the condensing temper-
ature increases to a value higher than a predetermined
value during the simultaneous cooling and hot-water-
supply operation, the simultaneous operation is stopped,
and the cooling operation and the hot-water-supply op-
eration are performed by alternately switching between
the cooling operation and the hot-water-supply opera-
tion, as in the simultaneous heating and hot-water-supply
operation.
[0132] Fig. 14 is a flowchart illustrating the flow of an
operation method during the high-temperature-water
supply in the simultaneous cooling and hot-water-supply
operation mode. Specifically, the operation is performed
in accordance with the flowchart shown in Fig. 14. First,
in step S31, it is determined whether or not the condens-
ing temperature has increased to a value higher than a
predetermined value. Similar to the case of the hot-water-
supply temperature, the predetermined value for the con-
densing temperature is, for example, a maximum con-
densing-temperature value (e.g., 60 degrees C) allowa-
ble in the appropriate usage range of the compressor 1.
If the condensing temperature is lower than or equal to
the predetermined value, normal control is continuously
performed in the simultaneous cooling and hot-water-
supply operation in step S32. If the condensing temper-
ature is higher than or equal to the predetermined value,
the process proceeds to the cooling operation mode A
in step S33. In this case, the use-side units 303a and
303b are set in a cooling thermostat OFF state, and the
following control is performed for the purpose of changing
to the hot-water-supply operation mode C. In the cooling
operation, the indoor pressure-reducing mechanisms 7a
and 7b are normally controlled so that a "cooled-room
temperature difference", which is equal to "indoor suction
temperature (detected by indoor suction temperature
sensor) - preset indoor temperature", is eliminated. The
indoor pressure-reducing mechanisms 7a and 7b are
controlled so that the cooled-room temperature differ-
ence is a negative value, such as -1 degree C (i.e., a
predetermined negative value). Moreover, the operating
frequency of the compressor 1 is controlled so that the
evaporating temperature is made equal to a target value.
Normally, the target value for the evaporating tempera-
ture is determined from a cooled-room temperature dif-
ference in the use-side unit 303a or 303b that has the
maximum cooled-room temperature difference in the

use-side units 303a and 303b. However, the target evap-
orating-temperature value for the operating frequency of
the compressor 1 is determined from a cooled-room tem-
perature difference of +1 degree C in the use-side unit
303a or 303b that has the maximum heated-room tem-
perature difference of +1 degree C. By performing the
control in this manner, the cooled-room temperature dif-
ference can be made equal to -1 degree C.
[0133] Subsequently, in step S34, it is determined
whether the cooled-room temperature difference is
smaller than or equal to -1 degree C. If the cooled-room
temperature difference is not smaller than or equal to -1
degree C, the process returns to step S33. If the cooled-
room temperature difference is smaller than or equal to
-1 degree C, the process proceeds to step S35 where
the use-side units 303a and 303b are set in a cooling
thermostat OFF state and the mode is changed to the
hot-water-supply operation mode C. In the hot-water-
supply operation mode C, this state is a high-tempera-
ture-water-supply state since the condensing tempera-
ture is higher than or equal to the predetermined value,
and the condensing-temperature control is performed on
the compressor 1, and the opening-degree control is per-
formed on the hot-water-supply pressure-reducing
mechanism 19. In step S36, it is determined whether the
cooled-room temperature difference is smaller than or
equal to 0 degrees C. If the cooled-room temperature
difference is greater than or equal to 0 degrees C, the
process returns to step S33 where the mode is set to the
cooling operation mode A. If the cooled-room tempera-
ture difference is smaller than or equal to 0 degrees C,
the process proceeds to step S37 where it is determined
whether or not there is a hot-water-supply request (i.e.,
whether the hot-water supply is completed). If there is a
hot-water-supply request, the process returns to step
S35 where the hot-water-supply operation mode C is
continuously performed. If there is no hot-water-supply
request, the process proceeds to step S38 where the
hot-water-supply unit 304 is stopped and the use-side
units 303a and 303b are set to a cooling thermostat ON
state, thereby commencing the normal cooling operation.
[0134] By performing the above procedure, a constant
hot-water-supply capacity can be ensured and the cool-
ing operation can be performed when there is a cooling
load and a hot-water-supply request at the same time
and when the inlet water temperature is high in the high-
temperature-water supply.
[0135] With the integrated air-conditioning and hot-wa-
ter-supply system 100 according to Embodiment 1, an
excessive increase in condensing temperature during
the high-temperature-water supply can be suppressed,
and a hot-water-supply capacity can be ensured within
a usage range of the compressor.
[0136] Although the integrated air-conditioning and
hot-water-supply system 100 (refrigeration cycle appa-
ratus) is described in Embodiment 1, the operation of the
integrated air-conditioning and hot-water-supply system
100 can be construed as a refrigeration cycle control
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method.

Reference Signs List

[0137] 1: compressor, 2: first four-way valve, 3: outdoor
heat exchanger, 4: outdoor air-sending device, 5: outdoor
pressure-reducing mechanism, 6: liquid extension pipe,
7a, 7b: indoor pressure-reducing mechanism, 8a, 8b :
indoor liquid pipe, 9a, 9b: indoor heat exchanger, 10a,
10b: indoor air-sending device, 11a, 11b: indoor gas pipe,
12: gas extension pipe, 13: second four-way valve, 14:
accumulator, 15: hot-water-supply gas extension pipe,
16: plate-type water heat exchanger, 17: feed pump, 18:
hot-water-supply liquid pipe, 19: hot-water-supply pres-
sure-reducing mechanism, 20: upstream water pipe, 21:
downstream water pipe, 100: integrated air-conditioning
and hot-water-supply system, 110: controller, 101: meas-
uring unit, 102: calculating unit, 103: control unit, 104:
storage unit, 201: high-pressure sensor, 202: discharge
temperature sensor, 203: outdoor gas temperature sen-
sor, 204: outdoor liquid temperature sensor, 205: out-
door-air temperature sensor, 206a, 206b: indoor liquid
temperature sensor, 207a, 207b: indoor gas temperature
sensor, 208a, 208b: indoor suction temperature sensor,
209: liquid temperature sensor, 210: hot-water-supply-
tank water temperature sensor, 301: heat source unit,
302: branch unit, 303a, 303b: use-side unit, 304: hot-
water-supply unit, 305: hot-water-supply tank

Claims

1. A refrigeration cycle apparatus (100) comprising:

a refrigeration cycle mechanism having a com-
pressor (1) whose operating frequency is con-
trollable, a first radiator (16), a first pressure-
reducing mechanism (19) whose opening de-
gree is controllable, and a first evaporator (3),
wherein a refrigerant sequentially circulates
through the compressor (1), the first radiator
(16), the first pressure-reducing mechanism
(19), and the first evaporator (3);
a high-pressure sensor (201) that detects a high
pressure between a discharge side of the com-
pressor (1) and a liquid side of the first pressure-
reducing mechanism (19) ;
a liquid temperature sensor (209) provided at a
liquid side of the first radiator (16), the liquid tem-
perature sensor (209) detecting a temperature
of the refrigerant; and
a controller (110) that controls the operating fre-
quency of the compressor (1) and controlling the
opening degree of the first pressure-reducing
mechanism (19); wherein
the controller (110) is configured to

calculate a condensing temperature of the

first radiator (16) from the high pressure de-
tected by the high-pressure sensor (201),
calculate a degree of subcooling of the first
radiator (16) by subtracting a temperature
of the refrigerant detected by the liquid tem-
perature sensor (209) from the calculated
condensing temperature, and
control the opening degree of the first pres-
sure-reducing mechanism (19) such that
the calculated degree of subcooling is made
equal to a predetermined value; character-
ized in that

when the condensing temperature of the first ra-
diator (16) is higher than or equal to a preset
target condensing-temperature value,
the controller (110) is configured to

(a) perform condensing-temperature con-
trol for reducing the operating frequency of
the compressor (1) based on a difference
between the condensing temperature and
the target condensing-temperature value,
and
(b) perform opening-degree control for in-
creasing the opening degree of the first
pressure-reducing mechanism (19) more
than opening-degree control under the con-
trol based on the degree of the subcooling.

2. The refrigeration cycle apparatus (100) of claim 1,
wherein
the first pressure-reducing mechanism (19) per-
forms the opening-degree control based on a preset
target opening degree value so as to ensure a pre-
determined level of a heat-radiation capacity of the
first radiator (16).

3. The refrigeration cycle apparatus (100) of claim 2,
wherein the first radiator (16) includes
an inflowing-water-pipe connection section (25) con-
nected to an inflowing water pipe (21) into which wa-
ter flows,
an outflowing-water-pipe connection section (26)
connected to an outflowing water pipe (20) from
which the water flows, and
a water pipe (27) through which the water flowing in
from the inflowing water pipe (21) passes and flows
out to the outflowing water pipe (20),
wherein the first radiator (16) heats the water passing
through the water pipe (27) by radiating heat to the
water, and
wherein the target heat-radiation-capacity value of
the first radiator (16) is set in correspondence with
an upper limit value in design for an inlet water tem-
perature of the water flowing into the water pipe (27)
from the inflowing water pipe (21).
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4. The refrigeration cycle apparatus (100) of claim 1,
wherein the controller (110) includes a storage unit
(104) that stores frequency/opening-degree corre-
spondence information in which the operating fre-
quency of the compressor (1) and a preset target
opening-degree value of the first pressure-reducing
mechanism (19) are stored in correspondence with
each other, and wherein when the controller (110)
concurrently performs the condensing-temperature
control and the opening-degree control, the control-
ler (110) refers to the frequency/opening-degree cor-
respondence information so as to identify the target
opening-degree value corresponding to a current op-
erating frequency of the compressor (1) from the fre-
quency/opening-degree correspondence informa-
tion, and uses the identified target opening-degree
value as the target opening-degree value in the
opening-degree control.

5. The refrigeration cycle apparatus (100) of claim 1,
wherein the first evaporator (3) is disposed outdoors,
wherein the refrigeration cycle apparatus (100) com-
prises an outdoor-air temperature sensor (205) that
detects an outdoor-air temperature around the first
evaporator (3), and
wherein the controller (110) includes a storage unit
(104) that stores outdoor-air-temperature/opening-
degree correspondence information in which the out-
door-air temperature and the preset target opening-
degree value of the first pressure-reducing mecha-
nism (19) are stored in correspondence with each
other, and wherein when the controller (110) concur-
rently performs the condensing-temperature control
and the opening-degree control, the controller (110)
refers to the outdoor-air-temperature/opening-de-
gree correspondence information so as to identify
the target opening-degree value corresponding to
the outdoor-air temperature detected by the outdoor-
air temperature sensor (205) from the outdoor-air-
temperature/opening-degree correspondence infor-
mation, and uses the identified target opening-de-
gree value as the target opening-degree value in the
opening-degree control.

6. The refrigeration cycle apparatus (100) of claim 1,
wherein the first evaporator (3) is disposed outdoors,
wherein the refrigeration cycle apparatus (100) com-
prises:

an outdoor-air temperature sensor (205) that de-
tects an outdoor-air temperature around the first
evaporator (3); and
an evaporating temperature sensor (203) that
detects an evaporating temperature of the re-
frigerant in the first evaporator (3), and
wherein the controller (110) receives data of two
or more sets of a temperature difference be-
tween the outdoor-air temperature around the

first evaporator (3) and the evaporating temper-
ature of the first evaporator (3) and an evapo-
rating capacity of the first evaporator (3) corre-
sponding to the temperature difference, deter-
mines a functional relationship between the tem-
perature difference and the evaporating capac-
ity based on the received data, refers to the de-
termined functional relationship so as to identify
the evaporating capacity corresponding to the
temperature difference between the outdoor-air
temperature detected by the outdoor-air temper-
ature sensor (205) and the evaporating temper-
ature detected by the evaporating temperature
sensor (203) from the functional relationship,
calculates a compressor (1) input, which indi-
cates compressing work done on the refrigerant
by the compressor (1), from the operating fre-
quency of the compressor (1), the condensing
temperature, and the evaporating temperature
detected by the evaporating temperature sensor
(203), calculates a heat-radiation capacity of the
first radiator (16) from the identified evaporating
capacity and the calculated compressor (1) in-
put, determines the target opening-degree value
of the first pressure-reducing mechanism (19)
in accordance with a difference between the cal-
culated heat-radiation capacity and a preliminar-
ily-stored target heat-radiation-capacity value,
and uses the determined target opening-degree
value as the target opening-degree value in the
opening-degree control.

7. The refrigeration cycle apparatus (100) of claim 1,
comprising
a branch flow path branching from the discharge side
of the compressor (1) and having a second radiator
(9a, 9b) and a second pressure-reducing mecha-
nism (7a, 7b), the branch flow path being connected
to the second radiator (9a, 9b) and the second pres-
sure-reducing mechanism (7a, 7b) sequentially from
the discharge side of the compressor (1) and merg-
ing with an intermediate section between the first
pressure-reducing mechanism (19) and the first
evaporator (3),
wherein the controller (110) performs a concurrent
heat-radiation operation in which the refrigerant dis-
charged from the compressor (1) is circulated by be-
ing made to flow into the first radiator (16) and the
second radiator (9a, 9b), and wherein when the con-
densing temperature becomes higher than or equal
to the target condensing-temperature value during
the concurrent heat-radiation operation, the control-
ler (110) performs a switching process for alternately
switching between a process for making the dis-
charged refrigerant flow into the first radiator (16)
and a process for making the discharged refrigerant
flow into the second radiator (9a, 9b).
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8. The refrigeration cycle apparatus (100) of claim 7,
wherein the second radiator (9a, 9b) exchanges heat
with indoor air,
wherein the refrigeration cycle apparatus (100) com-
prises an indoor temperature sensor (208a, 208b)
that detects an indoor temperature, and
wherein the controller (110) performs the switching
process based on a temperature difference obtained
by subtracting a preliminarily-stored preset indoor
temperate from the indoor temperature detected by
the indoor temperature sensor (208a, 208b).

9. The refrigeration cycle apparatus (100) of claim 8,
wherein
when the discharged refrigerant is made to flow only
into the second radiator (9a, 9b) due to the switching
process, the controller (110) controls the operating
frequency of the compressor (1) and the opening
degree of the first pressure-reducing mechanism
(19) so that the temperature difference is greater
than a predetermined positive value, and wherein
when the temperature difference becomes greater
than the predetermined positive value, the controller
(110) performs the switching process so as to make
the discharged refrigerant flow only into the first ra-
diator (16).

10. The refrigeration cycle apparatus (100) of claim 1,
comprising
a heat-absorption branch flow path that branches
from a branch section between the first pressure-
reducing mechanism (19) and the first evaporator
(3) and merges with a suction side of the compressor
(1), the heat-absorption branch flow path having a
second evaporator (9a, 9b) and a pressure-reducing
mechanism (7a, 7b) for the second evaporator (9a,
9b), the heat-absorption branch flow path being con-
nected to the pressure-reducing mechanism (7a, 7b)
for the second evaporator (9a, 9b) and to the second
evaporator (9a, 9b) sequentially from the branch sec-
tion and merging with the suction side of the com-
pressor (1),
wherein the controller (110) performs a concurrent
heat-absorption and heat-radiation operation in
which a heat-radiation operation of the first radiator
(16) and a heat-absorption operation of the second
evaporator (9a, 9b) are concurrently performed, the
heat-radiation operation being operation in which the
refrigerant discharged from the compressor (1) is
suctioned into the compressor (1) from the suction
side thereof via the first radiator (16), the first pres-
sure-reducing mechanism (19), the branch section,
and the first evaporator (3), the heat-absorption op-
eration being operation in which the discharged re-
frigerant is suctioned into the compressor (1) from
the suction side thereof via the first radiator (16), the
first pressure-reducing mechanism (19), the branch
section, the pressure-reducing mechanism (7a, 7b)

for the second evaporator (9a, 9b), and the second
evaporator (9a, 9b), and wherein when the condens-
ing temperature becomes higher than or equal to the
target condensing-temperature value during the
concurrent heat-reception and heat-radiation oper-
ation, the controller (110) performs a switching proc-
ess for alternately switching between the heat-radi-
ation operation and the heat-absorption operation.

11. The refrigeration cycle apparatus (100) of claim 10,
wherein the second evaporator (9a, 9b) exchanges
heat with indoor air,
wherein the refrigeration cycle apparatus (100) com-
prises an indoor temperature sensor (208a, 208b)
that detects an indoor temperature, and
wherein the controller (110) performs the switching
process based on a temperature difference obtained
by subtracting a preliminarily-stored preset indoor
temperature from the indoor temperature detected
by the indoor temperature sensor (208a, 208b).

12. The refrigeration cycle apparatus (100) of claim 11,
wherein when only the heat-absorption operation is
performed due to the switching process, the control-
ler (110) controls the operating frequency of the com-
pressor (1) and the opening degree of the first pres-
sure-reducing mechanism (19) so that the tempera-
ture difference is smaller than a predetermined neg-
ative value, and wherein when the temperature dif-
ference becomes smaller than the predetermined
negative value, the controller (110) performs the
switching process so that only the heat-radiation op-
eration is performed.

13. The refrigeration cycle apparatus (100) of claim 1,
wherein the refrigeration cycle apparatus (100) uses
a refrigerant that operates at a critical pressure or
higher, and
wherein when the high pressure detected by the
high-pressure sensor (201) is higher than or equal
to a preset target high-pressure value, the controller
(110) performs high-pressure control for controlling
the operating frequency of the compressor (1) based
on a difference between the high pressure and the
target high-pressure value, and performs opening-
degree control for controlling the opening degree of
the first pressure-reducing mechanism (19) concur-
rently with the high-pressure control based on the
difference between the current opening degree of
the first pressure-reducing mechanism (19) and the
preset target opening-degree value.

14. A refrigeration cycle control method for performing
an operation on a refrigeration cycle apparatus
(100), the refrigeration cycle apparatus (100) includ-
ing a refrigeration cycle mechanism having a com-
pressor (1) whose operating frequency is controlla-
ble, a first radiator (16), a first pressure-reducing
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mechanism (19) whose opening degree is control-
lable, and a first evaporator (3), wherein a refrigerant
sequentially circulates through the compressor (1),
the first radiator (16), the first pressure-reducing
mechanism (19), and the first evaporator (3); a high-
pressure sensor (201) that detects a high pressure
between a discharge side of the compressor (1) and
a liquid side of the first pressure-reducing mecha-
nism (19); and a liquid temperature sensor (209) that
is provided at a liquid side of the first radiator (16)
and detects a temperature of the refrigerant, the re-
frigeration cycle apparatus (100) controlling the op-
erating frequency of the compressor (1) and control-
ling the opening degree of the first pressure-reducing
mechanism (19); calculating a condensing temper-
ature of the first radiator (16) from the high pressure
detected by the high-pressure sensor (201),
calculating a degree of subcooling of the first radiator
(16) by subtracting a temperature of the refrigerant
detected by the liquid temperature sensor (209) from
the calculated condensing temperature,
controlling the opening degree of the first pressure-
reducing mechanism (19) such that the calculated
degree of subcooling is made equal to a predeter-
mined value; characterized in that when the con-
densing temperature of the first radiator (16) is higher
than or equal to a preset target condensing-temper-
ature value,
performing condensing-temperature control for re-
ducing the operating frequency of the compressor
(1) based on a difference between the condensing
temperature and the preset target condensing-tem-
perature value, and
performing opening-degree control for increasing
the opening degree of the first pressure-reducing
mechanism (19) more than opening-degree control
under the control based on the degree of the sub-
cooling.

Patentansprüche

1. Kältekreislaufvorrichtung (100), umfassend:

einen Kältekreislaufmechanismus, aufweisend
einen Verdichter (1), dessen Betriebsfrequenz
steuerbar ist, einen ersten Radiator (16), einen
ersten Druckminderungsmechanismus (19),
dessen Öffnungsgrad steuerbar ist, und einen
ersten Verdampfer (3), wobei ein Kältemittel
durch den Verdichter (1), den ersten Radiator
(16), den ersten Druckminderungsmechanis-
mus (19) und den ersten Verdampfer (3) se-
quentiell zirkuliert;
einen Hochdrucksensor (201), der einen Hoch-
druck zwischen einer Auslassseite des Verdich-
ters (1) und einer Flüssigkeitsseite des ersten
Druckminderungsmechanismus (19) detektiert;

einen Flüssigkeitstemperatursensor (209), der
an einer Flüssigkeitsseite des ersten Radiators
(16) bereitgestellt ist, wobei der Flüssigkeits-
temperatursensor (209) eine Temperatur des
Kältemittels detektiert; und
eine Steuereinheit (110), die die Betriebsfre-
quenz des Verdichters steuert und den Öff-
nungsgrad des ersten Druckminderungsme-
chanismus (19) steuert; wobei
die Steuereinheit (110) eingerichtet ist, um
eine Kondensationstemperatur des ersten Ra-
diators (16) aus dem durch den Hochdrucksen-
sor (201) detektierten Hochdruck zu berechnen,
einen Unterkühlungsgrad des ersten Radiators
(16) durch Subtrahieren einer durch den Flüs-
sigkeitstemperatursensor (209) detektierten
Temperatur des Kältemittels von der berechne-
ten Kondensationstemperatur zu berechnen,
und
den Öffnungsgrad des ersten Druckminde-
rungsmechanismus (19) zu steuern, derart,
dass der berechnete Unterkühlungsgrad zu ei-
nem vorherbestimmten Wert gleichgemacht
wird; dadurch gekennzeichnet, dass
wenn die Kondensationstemperatur des ersten
Radiators (16) höher ist als oder gleich ist wie
ein voreingestellter Zielkondensationstempera-
turwert, die Steuereinheit (110) eingerichtet ist,

(a) eine Kondensationstemperatursteue-
rung zur Verringerung der Betriebsfrequenz
des Verdichters (1) auf der Grundlage einer
Differenz zwischen der Kondensationstem-
peratur und dem Zielkondensationstempe-
raturwert durchzuführen, und
(b) eine Öffnungsgradsteuerung durchzu-
führen, um den Öffnungsgrad des ersten
Druckminderungsmechanismus (19) mehr
zu erhöhen als die Öffnungsgradsteuerung
unter der auf dem Unterkühlungsgrad ba-
sierenden Steuerung.

2. Kältekreislaufvorrichtung (100) nach Anspruch 1,
wobei
der erste Druckminderungsmechanismus (19) die
Öffnungsgradsteuerung auf der Grundlage eines
voreingestellten Zielöffnungsgradwerts durchführt,
um ein vorherbestimmtes Niveau einer Wärmeab-
strahlungskapazität des ersten Radiators (16) si-
cherzustellen.

3. Kältekreislaufvorrichtung (100) nach Anspruch 2,
wobei der erste Radiator (16)
einen Einströmungswasserrohrverbindungsab-
schnitt (25), der mit einem Einströmungswasserrohr
(21) verbunden ist, in welches Wasser fließt,
einen Ausströmungswasserrohrverbindungsab-
schnitt (26), der mit einem Ausströmungswasserrohr
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(20) verbunden ist, aus welchem das Wasser fließt,
und
ein Wassersrohr (27), durch welches das vom Ein-
strömungswasserrohr (21) einströmende Wasser
läuft und zum Ausströmungswasserrohr (20) aus-
strömt,
aufweist,
wobei der erste Radiator (16) das Wasser, welches
das Wasserrohr (27) durchläuft, durch Abstrahlen
von Wärme an das Wasser erwärmt, und
wobei der Zielwärmeabstrahlungskapazitätswert
des ersten Radiators (16) in Entsprechung mit einem
oberen Grenzwert eingestellt ist, der für eine Zulauf-
wassertemperatur des Wassers, das vom Einströ-
mungswasserrohr in das Wasserrohr (27) fließt, ent-
wickelt ist.

4. Kältekreislaufvorrichtung (100) nach Anspruch 1,
wobei die Steuereinheit (110) eine Speichereinheit
(104) aufweist, die Frequenz-/Öffnungsgrad-Korre-
spondenzinformationen speichert, in welchen die
Betriebsfrequenz des Verdichters (1) und ein vorein-
gestellter Zielöffnungsgradwert des ersten Druck-
minderungsmechanismus (19) in Entsprechung mit-
einander gespeichert sind, und wobei, wenn die
Steuereinheit (110) die Kondensationstemperatur-
steuerung und die Öffnungsgradsteuerung gleich-
zeitig durchführt, sich die Steuereinheit (110) auf die
Frequenz-/Öffnungsgrad-Korrespondenzinformati-
onen bezieht, um den Zielöffnungsgradwert entspre-
chend einer aktuellen Betriebsfrequenz des Verdich-
ters (1) aus den Frequenz-/Öffnungsgrad-Korres-
pondenzinformationen zu identifizieren, und den
identifizierten Zielöffnungsgradwert als den Zielöff-
nungsgradwert bei der Öffnungsgradsteuerung ver-
wendet.

5. Kältekreislaufvorrichtung (100) nach Anspruch 1,
wobei der erste Verdampfer (3) außen angeordnet
ist, wobei die Kältekreislaufvorrichtung (100) einen
Außenlufttemperatursensor (205) umfasst, der eine
Außenlufttemperatur um den ersten Verdampfer (3)
detektiert, und wobei die Steuereinheit (110) eine
Speichereinheit (104) aufweist, die Außenlufttempe-
ratur-/Öffnungsgrad-Korrespondenzinformationen
speichert, in welchen die Außenlufttemperatur und
der voreingestellte Zielöffnungsgradwert des ersten
Druckminderungsmechanismus (19) in Entspre-
chung miteinander gespeichert sind, und wobei,
wenn die Steuereinheit (110) die Kondensations-
temperatursteuerung und die Öffnungsgradsteue-
rung gleichzeitig durchführt, sich die Steuereinheit
(110) auf die Außenlufttemperatur-/Öffnungsgrad-
Korrespondenzinformationen bezieht, um den Ziel-
öffnungsgradwert entsprechend der durch den Au-
ßenlufttemperatursensor (205) detektierten Außen-
lufttemperatur aus den Außenlufttemperatur-/Öff-
nungsgrad-Korrespondenzinformationen zu identifi-

zieren, und den identifizierten Zielöffnungsgradwert
als den Zielöffnungsgradwert bei der Öffnungsgrad-
steuerung verwendet.

6. Kältekreislaufvorrichtung (100) nach Anspruch 1,
wobei der erste Verdampfer (3) außen angeordnet
ist, wobei die Kältekreislaufvorrichtung (100) um-
fasst:

einen Außenlufttemperatursensor (205), der ei-
ne Außenlufttemperatur um den ersten Ver-
dampfer (3) detektiert; und
einen Verdampfungstemperatursensor (203),
der eine Verdampfungstemperatur des Kälte-
mittels im ersten Verdampfer (3) detektiert, und
wobei die Steuereinheit (110) Daten von zwei
oder mehr Mengen von einer Temperaturdiffe-
renz zwischen der Außenlufttemperatur um den
ersten Verdampfer (3) und der Verdampfungs-
temperatur des ersten Verdampfers (3) und ei-
ner Verdampfungskapazität des ersten Ver-
dampfers (3) entsprechend der Temperaturdif-
ferenz empfängt, eine funktionale Beziehung
zwischen der Temperaturdifferenz und der Ver-
dampfungskapazität auf der Grundlage der
empfangenen Daten bestimmt, sich auf die be-
stimmte funktionale Beziehung bezieht, um die
Verdampfungskapazität entsprechend der
Temperaturdifferenz zwischen der durch den
Außenlufttemperatursensor (205) detektierten
Außenlufttemperatur und der durch den Ver-
dampfungstemperatursensor (203) detektierten
Verdampfungstemperatur aus der funktionalen
Beziehung zu identifizieren, einen Verdamp-
fer-(1)-Beitrag, welcher auf das Kältemittel
durch den Verdichter (1) verrichtete Verdich-
tungsarbeit anzeigt, aus der Betriebsfrequenz
des Verdichters (1), der Kondensationstempe-
ratur und der durch den Verdampfungstempe-
ratursensor (203) detektierten Verdampfungs-
temperatur berechnet, eine Wärmeabstrah-
lungskapazität des ersten Radiators (16) aus
der identifizierten Verdampfungskapazität und
dem berechneten Verdichter-(1)-Beitrag be-
rechnet, den Zielöffnungsgradwert des ersten
Druckminderungsmechanismus (19) bestimmt
gemäß einer Differenz zwischen der berechne-
ten Wärmeabstrahlungskapazität und einem
vorab gespeicherten Zielwärmabstrahlungska-
pazitätswert, und den bestimmten Zielöffnungs-
gradwert als den Zielöffnungsgradwert bei der
Öffnungsgradsteuerung verwendet.

7. Kältekreislaufvorrichtung (100) nach Anspruch 1,
umfassend:

einen Zweigströmungspfad, abzweigend von
der Auslassseite des Verdichters (1) und auf-
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weisend einen zweiten Radiator (9a, 9b) und ei-
nen zweiten Druckminderungsmechanismus
(7a, 7b), wobei der Zweigströmungspad mit dem
zweiten Radiator (9a, 9b) und dem zweiten
Druckminderungsmechanismus (7a, 7b) von
der Auslassseite des Verdichters (1) sequentiell
verbunden ist und mit einem Zwischenabschnitt
zwischen dem ersten Druckminderungsmecha-
nismus (19) und dem ersten Verdampfer (3) zu-
sammenläuft,
wobei die Steuereinheit (110) einen gleichzeiti-
gen Wärmeabstrahlungsbetrieb durchführt, in
welchem das aus dem Verdichter (1) ausgelas-
sene Kältemittel zirkuliert wird, indem es veran-
lasst wird, in den ersten Radiator (16) und den
zweiten Radiator (9a, 9b) einzuströmen, und
wobei, wenn die Kondensationstemperatur hö-
her wird als oder gleich wird wie der Zielkonden-
sationstemperaturwert während des gleichzeiti-
gen Wärmeabstrahlungsbetriebs, die Steuer-
einheit (110) einen Schaltprozess zum abwech-
selnden Schalten zwischen einem Prozess zum
Veranlassen des Einströmes des ausgelasse-
nen Kältemittelstroms in den ersten Radiator
(16) und einem Prozess zum Veranlassen des
Einströmens des ausgelassenen Kältemittel-
stroms in den zweiten Radiator (9a, 9b) durch-
führt.

8. Kältekreislaufvorrichtung (100) nach Anspruch 7,
wobei der zweite Radiator (9a, 9b) Wärme mit In-
nenluft austauscht,
wobei die Kältekreislaufvorrichtung (100) einen In-
nentemperatursensor (208a, 208b) umfasst, der ei-
ne Innentemperatur detektiert, und
wobei die Steuereinheit (110) den Schaltprozess auf
der Grundlage einer Temperaturdifferenz durch-
führt, die durch Subtrahieren einer vorab gespei-
cherten voreingestellten Innentemperatur von der
durch den Innentemperatursensor (208a, 208b) de-
tektierten Innentemperatur erhalten wird.

9. Kältekreislaufvorrichtung (100) nach Anspruch 8,
wobei
wenn das ausgelassene Kältemittel veranlasst wird,
aufgrund des Schaltprozesses nur in den zweiten
Radiator (9a, 9b) einzuströmen, die Steuereinheit
(110) die Betriebsfrequenz des Verdichters (1) und
den Öffnungsgrad des ersten Druckminderungsme-
chanismus (19) steuert, so dass die Temperaturdif-
ferenz größer ist als ein vorherbestimmter positiver
Wert, und wobei, wenn die Temperaturdifferenz grö-
ßer wird als der vorherbestimmte positive Wert, die
Steuereinheit (110) den Schaltprozess durchführt,
um den ausgelassenen Kältemittelstrom zu veran-
lassen, nur in den ersten Radiator (16) einzuströ-
men.

10. Kältekreislaufvorrichtung (100) nach Anspruch 1,
umfassend
einen Wärmeabsorptionszweigströmungspfad, der
von einem Zweigabschnitt zwischen dem ersten
Druckminderungsmechanismus (19) und dem ers-
ten Verdampfer (3) abzweigt und mit einer Ansaug-
seite des Verdichters (1) zusammenläuft, wobei der
Wärmeabsorptionszweigströmungspfad einen
zweiten Verdampfer (9a, 9b) und einen Druckmin-
derungsmechanismus (7a, 7b) für den zweiten Ver-
dampfer (9a, 9b) aufweist, wobei der Wärmeabsorp-
tionszweigströmungspfad mit dem Druckminde-
rungsmechanismus (7a, 7b) für den zweiten Ver-
dampfer (9a, 9b) und mit dem zweiten Verdampfer
vom Zweigabschnitt sequentiell verbunden ist und
mit der Ansaugseite des Verdampfers (1) zusam-
menläuft,
wobei die Steuereinheit (110) einen gleichzeitigen
Wärmeabsorptions- und Wärmeabstrahlungsbe-
trieb durchführt, in welchem ein Wärmeabstrah-
lungsbetrieb des ersten Radiators (16) und ein Wär-
meabsorptionsbetrieb des zweiten Verdampfers
(9a, 9b) gleichzeitig durchgeführt werden, wobei der
Wärmeabstrahlungsbetrieb ein Betrieb ist, in wel-
chem das aus dem Verdichter (1) ausgelassene Käl-
temittel in den Verdichter (1) von seiner Ansaugseite
über den ersten Radiator (16), den ersten Druckmin-
derungsmechanismus (19), den Zweigabschnitt und
den ersten Verdampfer (3) eingesaugt wird, wobei
der Wärmeabsorptionsbetrieb ein Betrieb ist, in wel-
chem das ausgelassene Kältemittel in den Verdich-
ter (1) von seiner Ansaugseite über den ersten Ra-
diator (16), den ersten Druckminderungsmechanis-
mus (19), den Zweigabschnitt, den Druckminde-
rungsmechanismus (7a, 7b) für den zweiten Ver-
dampfer (9a, 9b) und den zweiten Verdampfer (9a,
9b) eingesaugt wird, und wobei, wenn die Konden-
sationstemperatur höher wird als oder gleich wird
wie der Zielkondensationstemperaturwert während
des gleichzeitigen Wärmeaufnahme- und Wärme-
abstrahlungsbetriebs, die Steuereinheit (110) einen
Schaltprozess zum abwechselnden Schalten zwi-
schen dem Wärmeabstrahlungsbetrieb und dem
Wärmeabsorptionsbetrieb durchführt.

11. Kältekreislaufvorrichtung (100) nach Anspruch 10,
wobei der zweite Verdampfer (9a, 9b) Wärme mit
Innenluft austa uscht,
wobei die Kältekreislaufvorrichtung (100) einen In-
nentemperatursensor (208a, 208b) umfasst, der ei-
ne Innentemperatur detektiert, und wobei die Steu-
ereinheit (110) den Schaltprozess auf der Grundlage
einer Temperaturdifferenz durchführt, die durch
Subtrahieren einer vorab gespeicherten voreinge-
stellten Innentemperatur von der durch den Innen-
temperatursensor (208a, 208b) detektieren Innen-
temperatur erhalten wird.

51 52 



EP 2 634 508 B1

28

5

10

15

20

25

30

35

40

45

50

55

12. Kältekreislaufvorrichtung (100) nach Anspruch 11,
wobei, wenn aufgrund des Schaltprozesses nur der
Wärmeabsorptionsbetrieb durchgeführt wird, die
Steuereinheit (110) die Betriebsfrequenz des Ver-
dichters (1) und den Öffnungsgrad des ersten Druck-
minderungsmechanismus (19) steuert, so dass die
Temperaturdifferenz kleiner ist als ein vorherbe-
stimmter negativer Wert, und wobei, wenn die Tem-
peraturdifferenz kleiner wird als der vorherbestimm-
te negative Wert, die Steuereinheit (110) den Schalt-
prozess durchführt, so dass nur der Wärmeabstrah-
lungsbetrieb durchgeführt wird.

13. Kältekreislaufvorrichtung (100) nach Anspruch 1,
wobei die Kältekreislaufvorrichtung (100) ein Kälte-
mittel verwendet, dass bei einem kritischen Druck
oder höher arbeitet, und
wobei, wenn der durch den Hochdrucksensor (201)
detektierte Hochdruck höher ist als oder gleich ist
wie ein voreingestellter Zielhochdruckwert, die Steu-
ereinheit (110) Hochdrucksteuerung zum Steuern
der Betriebsfrequenz des Verdichters (1) auf der
Grundlage einer Differenz zwischen dem Hochdruck
und dem Zielhochdruckwert durchführt, und gleich-
zeitig mit der Hochdrucksteuerung Öffnungsgrad-
steuerung zum Steuern des Öffnungsgrads des ers-
ten Druckminderungsmechanismus (19) auf der
Grundlage der Differenz zwischen dem aktuellen
Öffnungsgrad des ersten Druckminderungsmecha-
nismus (19) und dem voreingestellten Zielöffnungs-
gradwert durchführt.

14. Kältekreislaufsteuerverfahren zum Durchführen ei-
nes Betriebs auf einer Kältekreislaufvorrichtung
(100), wobei die Kältekreislaufvorrichtung (100) ei-
nen Kältekreislaufmechanismus aufweist, der einen
Verdichter (1), dessen Betriebsfrequenz steuerbar
ist, einen ersten Radiator (16), einen ersten Druck-
minderungsmechanismus (19), dessen Öffnungs-
grad steuerbar ist, und einen ersten Verdampfer (3),
enthält, wobei ein Kältemittel sequenziell durch den
Verdichter (1), den ersten Radiator (16), den ersten
Druckminderungsmechanismus (19) und den ersten
Verdampfer (3) zirkuliert;
einen Hochdrucksensor (201) enthält, der einen
Hochdruck zwischen einer Auslassseite des Ver-
dichters (1) und einer Flüssigkeitsseite des ersten
Druckminderungsmechanismus (19) detektiert; und
einen Flüssigkeitstemperatursensor (209) enthält,
der an einer Flüssigkeitsseite des ersten Radiators
(16) bereitgestellt ist und eine Temperatur des Käl-
temittels detektiert,
wobei die Kältekreislaufvorrichtung (100) die Be-
triebsfrequenz des Verdichters (1) steuert und den
Öffnungsgrad des ersten Druckminderungsmecha-
nismus (19) steuert;
Berechnen einer Kondensationstemperatur des ers-
ten Radiators (16) aus dem durch den Hochdruck-

sensor (201) detektierten Hochdruck,
Berechnen eines Unterkühlungsgrads des ersten
Radiators (16) durch Subtrahieren einer Temperatur
des Kältemittels, die durch den Flüssigkeitstempe-
ratursensor (209) detektiert wurde, von der berech-
neten Kondensationstemperatur,
Steuern des Öffnungsgrades des ersten Druckmin-
derungsmechanismus (19), sodass der berechnete
Unterkühlungsgrad gleich einem vorherbestimmten
Wert gemacht wird, dadurch gekennzeichnet,
dass
wenn die Kondensationstemperatur des ersten Ra-
diators (16) höher ist wie oder gleich ist wie ein vor-
eingestellter Zielkondensationstemperaturwert,
Durchführten von Kondensationstemperatursteue-
rung zur Verringerung der Betriebsfrequenz des Ver-
dichters (1) auf der Grundlage einer Differenz zwi-
schen der Kondensationstemperatur und dem vor-
eingestellten Zielkondensationstemperaturwert,
und
Durchführen von Öffnungsgradsteuerung, um den
Öffnungsgrad des ersten Druckminderungsmecha-
nismus (19) mehr zu erhöhen als die Öffnungsgrad-
steuerung unter der auf dem Unterkühlungsgrad ba-
sierenden Steuerung.

Revendications

1. Appareil à cycle de réfrigération (100) comprenant :

un mécanisme de cycle de réfrigération com-
portant un compresseur (1) dont la fréquence
de fonctionnement peut être commandée, un
premier radiateur (16), un premier mécanisme
de réduction de pression (19) dont le degré
d’ouverture peut être commandé, et un premier
évaporateur (3), dans lequel un fluide frigorigè-
ne circule séquentiellement à travers le com-
presseur (1), le premier radiateur (16), le pre-
mier mécanisme de réduction de pression (19)
et le premier évaporateur (3) ;
un capteur de haute pression (201) qui détecte
une haute pression entre un côté de décharge
du compresseur (1) et un côté de liquide du pre-
mier mécanisme de réduction de pression (19) ;
un capteur de température de liquide (209) pré-
vu d’un côté de liquide du premier radiateur (16),
le capteur de température de liquide (209) dé-
tectant une température du fluide frigorigène ; et
un contrôleur (110) qui commande la fréquence
de fonctionnement du compresseur (1) et com-
mandant le degré d’ouverture du premier méca-
nisme de réduction de pression (19) ; dans le-
quel
le contrôleur (110) est configuré pour
calculer une température de condensation du
premier radiateur (16) à partir de la haute pres-
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sion détectée par le capteur de haute pression
(201),
calculer un degré de sous-refroidissement du
premier radiateur (16) en soustrayant une tem-
pérature du fluide frigorigène détectée par le
capteur de température de liquide (209) prove-
nant de la température de condensation calcu-
lée, et
commander le degré d’ouverture du premier
mécanisme de réduction de pression (19) de
sorte que le degré de sous-refroidissement cal-
culé devienne égal à une valeur prédéterminée ;
caractérisé en ce que
lorsque la température de condensation du pre-
mier radiateur (16) est supérieure ou égale à
une valeur de température de condensation ci-
ble prédéterminée,
le contrôleur (110) est configuré pour

(a) effectuer une commande de températu-
re de condensation pour réduire la fréquen-
ce de fonctionnement du compresseur (1)
sur la base d’une différence entre la tempé-
rature de condensation et la valeur de tem-
pérature de condensation cible, et
(b) effectuer une commande de degré
d’ouverture pour augmenter le degré
d’ouverture du premier mécanisme de ré-
duction de pression (19) à une valeur supé-
rieure à celle d’une commande de degré
d’ouverture sous la commande basée sur
le degré du sous-refroidissement.

2. Appareil à cycle de réfrigération (100) selon la re-
vendication 1, dans lequel le premier mécanisme de
réduction de pression (19) effectue la commande de
degré d’ouverture sur la base d’une valeur de degré
d’ouverture cible prédéterminée de manière à ga-
rantir un niveau prédéterminé d’une capacité de
rayonnement de chaleur du premier radiateur (16).

3. Appareil à cycle de réfrigération (100) selon la re-
vendication 2,
dans lequel le premier radiateur (16) comprend :

une section de liaison de tuyau d’eau d’écoule-
ment d’entrée (25) reliée à un tuyau d’eau
d’écoulement d’entrée (21) dans lequel de l’eau
s’écoule,
une section de liaison de tuyau d’eau d’écoule-
ment de sortie (26) reliée à un tuyau d’eau
d’écoulement de sortie (20) à partir duquel de
l’eau s’écoule, et
un tuyau d’eau (27) à travers lequel l’eau s’écou-
lant à partir du tuyau d’eau d’écoulement d’en-
trée (21) passe et s’écoule hors du tuyau d’eau
d’écoulement de sortie (20),
dans lequel le premier radiateur (16) chauffe

l’eau passant à travers le tuyau d’eau (27) en
rayonnant de la chaleur vers l’eau, et
dans lequel la valeur de capacité de rayonne-
ment de chaleur cible du premier radiateur (16)
est établie en correspondance avec une valeur
limite supérieure de conception pour une tem-
pérature d’eau d’entrée de l’eau s’écoulant dans
le tuyau d’eau (27) à partir du tuyau d’eau
d’écoulement d’entrée (21).

4. Appareil à cycle de réfrigération (100) selon la re-
vendication 1, dans lequel le contrôleur (110) com-
prend une unité de stockage (104) qui stocke des
informations de correspondance fréquence/degré
d’ouverture dans laquelle la fréquence de fonction-
nement du compresseur (1) et une valeur de degré
d’ouverture cible prédéterminée du premier méca-
nisme de réduction de pression (19) sont stockées
en correspondance l’une avec l’autre, et dans lequel,
lorsque le contrôleur (110) effectue simultanément
la commande de température de condensation et la
commande de degré d’ouverture, le contrôleur (110)
se réfère aux informations de correspondance fré-
quence/degré d’ouverture de manière à identifier la
valeur de degré d’ouverture cible correspondant à
une fréquence de fonctionnement actuelle du com-
presseur (1) à partir des informations de correspon-
dance fréquence/degré d’ouverture, et utilise la va-
leur de degré d’ouverture cible identifiée en tant que
valeur de degré d’ouverture cible dans la commande
de degré d’ouverture.

5. Appareil à cycle de réfrigération (100) selon la re-
vendication 1,
dans lequel le premier évaporateur (3) est disposé
à l’extérieur,
dans lequel l’appareil à cycle de réfrigération (100)
comprend un capteur de température d’air extérieur
(205) qui détecte une température d’air extérieur
autour du premier évaporateur (3), et
dans lequel le contrôleur (110) comprend une unité
de stockage (104) qui stocke des informations de
correspondance température d’air extérieur/degré
d’ouverture dans laquelle la température d’air exté-
rieur et la valeur de degré d’ouverture cible prédé-
terminée du premier mécanisme de réduction de
pression (19) sont stockées en correspondance
l’une avec l’autre, et dans lequel, lorsque le contrô-
leur (110) effectue simultanément la commande de
température de condensation et la commande de
degré d’ouverture, le contrôleur (110) se réfère aux
informations de correspondance température d’air
extérieur/degré d’ouverture de manière à identifier
la valeur de degré d’ouverture cible correspondant
à la température d’air extérieur détectée par le cap-
teur de température d’air extérieur (205) à partir des
informations de correspondance température d’air
extérieur/degré d’ouverture, et utilise la valeur de de-
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gré d’ouverture cible identifiée en tant que valeur de
degré d’ouverture cible dans la commande de degré
d’ouverture.

6. Appareil à cycle de réfrigération (100) selon la re-
vendication 1,
dans lequel le premier évaporateur (3) est disposé
à l’extérieur,
dans lequel l’appareil à cycle de réfrigération (100)
comprend :

un capteur de température d’air extérieur (205)
qui détecte une température d’air extérieur
autour du premier évaporateur (3) ; et
un capteur de température d’évaporation (203)
qui détecte une température d’évaporation du
fluide frigorigène dans le premier évaporateur
(3), et
dans lequel le contrôleur (110) reçoit des don-
nées de deux ensembles ou plus d’une différen-
ce de température entre la température d’air ex-
térieur autour du premier évaporateur (3) et la
température d’évaporation du premier évapora-
teur (3) et d’une capacité d’évaporation du pre-
mier évaporateur (3) correspondant à la diffé-
rence de température, détermine une relation
fonctionnelle entre la différence de température
et la capacité d’évaporation sur la base des don-
nées reçues, se réfère à la relation fonctionnelle
déterminée de manière à identifier la capacité
d’évaporation correspondant à la différence de
température entre la température d’air extérieur
détectée par le capteur de température d’air ex-
térieur (205) et la température d’évaporation dé-
tectée par le capteur de température d’évapo-
ration (203) à partir de la relation fonctionnelle,
calcule une entrée du compresseur (1), qui in-
dique le travail de compression effectué sur le
fluide frigorigène par le compresseur (1), à partir
de la fréquence de fonctionnement du compres-
seur (1), de la température de condensation et
de la température d’évaporation détectée par le
capteur de température d’évaporation (203),
calcule une capacité de rayonnement de cha-
leur du premier radiateur (16) à partir de la ca-
pacité d’évaporation identifiée et de l’entrée du
compresseur (1) calculée, détermine la valeur
de degré d’ouverture cible du premier mécanis-
me de réduction de pression (19) conformément
à une différence entre la capacité de rayonne-
ment de chaleur calculée et une valeur de ca-
pacité de rayonnement de chaleur cible stockée
au préalable, et utilise la valeur de degré
d’ouverture cible déterminée en tant que valeur
de degré d’ouverture cible dans la commande
de degré d’ouverture.

7. Appareil à cycle de réfrigération (100) selon la re-

vendication 1, comprenant :

un trajet d’écoulement de dérivation provenant
du côté de décharge du compresseur (1) et com-
portant un deuxième radiateur (9a, 9b) et un
deuxième mécanisme de réduction de pression
(7a, 7b), le trajet d’écoulement de dérivation
étant relié au deuxième radiateur (9a, 9b) et au
deuxième mécanisme de réduction de pression
(7a, 7b) séquentiellement à partir du côté de dé-
charge du compresseur (1) et fusionnant avec
une section intermédiaire entre le premier mé-
canisme de réduction de pression (19) et le pre-
mier évaporateur (3),
dans lequel le contrôleur (110) effectue une opé-
ration de rayonnement de chaleur simultanée
dans laquelle le fluide frigorigène déchargé du
compresseur (1) est mis en circulation en étant
amené à s’écouler dans le premier radiateur (16)
et le deuxième radiateur (9a, 9b), et dans lequel,
lorsque la température de condensation devient
supérieure ou égale à la valeur de température
de condensation cible pendant l’opération de
rayonnement de chaleur simultanée, le contrô-
leur (110) effectue un processus de commuta-
tion pour commuter alternativement entre un
processus pour amener le fluide frigorigène dé-
chargé à s’écouler dans le premier radiateur (16)
et un processus pour amener le fluide frigorigè-
ne déchargé à s’écouler dans le deuxième ra-
diateur (9a, 9b).

8. Appareil à cycle de réfrigération (100) selon la re-
vendication 7,
dans lequel le deuxième radiateur (9a, 9b) échange
de la chaleur avec l’air intérieur,
dans lequel l’appareil à cycle de réfrigération (100)
comprend un capteur de température intérieure
(208a, 208b) qui détecte une température intérieure,
et dans lequel le contrôleur (110) effectue le proces-
sus de commutation sur la base d’une différence de
température obtenue en soustrayant une tempéra-
ture intérieure prédéterminée stockée au préalable
de la température intérieure détectée par le capteur
de température intérieure (208a, 208b).

9. Appareil à cycle de réfrigération (100) selon la re-
vendication 8, dans lequel lorsque le fluide frigorigè-
ne déchargé est amené à s’écouler uniquement
dans le deuxième radiateur (9a, 9b) du fait du pro-
cessus de commutation, le contrôleur (110) com-
mande la fréquence de fonctionnement du compres-
seur (1) et le degré d’ouverture du premier mécanis-
me de réduction de pression (19) de sorte que la
différence de température soit supérieure à une va-
leur positive prédéterminée, et dans lequel, lorsque
la différence de température devient supérieure à la
valeur positive prédéterminée, le contrôleur (110) ef-
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fectue le processus de commutation de manière à
amener le fluide frigorigène déchargé à s’écouler
uniquement dans le premier radiateur (16).

10. Appareil à cycle de réfrigération (100) selon la re-
vendication 1, comprenant :

un trajet d’écoulement de dérivation d’absorp-
tion de chaleur qui provient d’une section de dé-
rivation entre le premier mécanisme de réduc-
tion de pression (19) et le premier évaporateur
(3) et qui fusionne avec un côté d’aspiration du
compresseur (1), le trajet d’écoulement de dé-
rivation d’absorption de chaleur comportant un
deuxième évaporateur (9a, 9b) et un mécanis-
me de réduction de pression (7a, 7b) pour le
deuxième évaporateur (9a, 9b), le trajet d’écou-
lement de dérivation d’absorption de chaleur
étant relié au mécanisme de réduction de pres-
sion (7a, 7b) pour le deuxième évaporateur (9a,
9b) et au deuxième évaporateur (9a, 9b) sé-
quentiellement à partir de la section de dériva-
tion et fusionnant avec le côté d’aspiration du
compresseur (1),
dans lequel le contrôleur (110) effectue une opé-
ration d’absorption de chaleur et de rayonne-
ment de chaleur simultanés dans laquelle une
opération de rayonnement de chaleur du pre-
mier radiateur (16) et une opération d’absorption
de chaleur du deuxième évaporateur (9a, 9b)
sont effectuées simultanément, l’opération de
rayonnement de chaleur étant une opération
dans laquelle le fluide frigorigène déchargé du
compresseur (1) est aspiré dans le compresseur
(1) à partir du côté d’aspiration de celui-ci par
l’intermédiaire du premier radiateur (16), du pre-
mier mécanisme de réduction de pression (19),
de la section de dérivation et du premier évapo-
rateur (3), l’opération d’absorption de chaleur
étant une opération dans laquelle le fluide frigo-
rigène déchargé est aspiré dans le compresseur
(1) à partir du côté d’aspiration de celui-ci par
l’intermédiaire du premier radiateur (16), du pre-
mier mécanisme de réduction de pression (19),
de la section de dérivation, du mécanisme de
réduction de pression (7a, 7b) pour le deuxième
évaporateur (9a, 9b) et du deuxième évapora-
teur (9a, 9b), et dans lequel, lorsque la tempé-
rature de condensation devient supérieure ou
égale à la valeur de température de condensa-
tion cible pendant l’opération de réception de
chaleur et de rayonnement de chaleur simulta-
nés, le contrôleur (110) effectue un processus
de commutation pour commuter alternative-
ment entre l’opération de rayonnement de cha-
leur et l’opération d’absorption de chaleur.

11. Appareil à cycle de réfrigération (100) selon la re-

vendication 10,
dans lequel le deuxième évaporateur (9a, 9b) échan-
ge de la chaleur avec l’air intérieur,
dans lequel l’appareil à cycle de réfrigération (100)
comprend un capteur de température intérieure
(208a, 208b) qui détecte une température intérieure,
et dans lequel le contrôleur (110) effectue le proces-
sus de commutation sur la base d’une différence de
température obtenue en soustrayant une tempéra-
ture intérieure prédéterminée stockée au préalable
de la température intérieure détectée par le capteur
de température intérieure (208a, 208b).

12. Appareil à cycle de réfrigération (100) selon la re-
vendication 11, dans lequel, lorsque seule l’opéra-
tion d’absorption de chaleur est effectuée du fait du
processus de commutation, le contrôleur (110) com-
mande la fréquence de fonctionnement du compres-
seur (1) et le degré d’ouverture du premier mécanis-
me de réduction de pression (19) de sorte que la
différence de température soit inférieure à une valeur
négative prédéterminée, et dans lequel, lorsque la
différence de température devient inférieure à la va-
leur négative prédéterminée, le contrôleur (110) ef-
fectue le processus de commutation de sorte que
seule l’opération de rayonnement de chaleur soit ef-
fectuée.

13. Appareil à cycle de réfrigération (100) selon la re-
vendication 1,
dans lequel l’appareil à cycle de réfrigération (100)
utilise un fluide frigorigène qui agit à une pression
critique ou plus élevée, et
dans lequel, lorsque la haute pression détectée par
le capteur de haute pression (201) est supérieure ou
égale à une valeur de haute pression cible prédéter-
minée, le contrôleur (110) effectue une commande
de haute pression pour commander la fréquence de
fonctionnement du compresseur (1) sur la base
d’une différence entre la haute pression et la valeur
de haute pression cible, et effectue une commande
de degré d’ouverture pour commander le degré
d’ouverture du premier mécanisme de réduction de
pression (19) simultanément avec la commande de
haute pression sur la base de la différence entre le
degré d’ouverture actuel du premier mécanisme de
réduction de pression (19) et la valeur de degré
d’ouverture cible prédéterminée.

14. Procédé de commande de cycle de réfrigération
pour effectuer une opération sur un appareil à cycle
de réfrigération (100), l’appareil à cycle de réfrigé-
ration (100) comprenant un mécanisme de cycle de
réfrigération comportant un compresseur (1) dont la
fréquence de fonctionnement peut être commandée,
un premier radiateur (16), un premier mécanisme de
réduction de pression (19) dont le degré d’ouverture
peut être commandé, et un premier évaporateur (3),
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dans lequel un fluide frigorigène circule séquentiel-
lement à travers le compresseur (1), le premier ra-
diateur (16), le premier mécanisme de réduction de
pression (19) et le premier évaporateur (3) ; un cap-
teur de haute pression (201) qui détecte une haute
pression entre un côté de décharge du compresseur
(1) et un côté de liquide du premier mécanisme de
réduction de pression (19) ; et un capteur de tempé-
rature de liquide (209) qui est prévu d’un côté de
liquide du premier radiateur (16) et qui détecte une
température du fluide frigorigène, l’appareil à cycle
de réfrigération (100) commandant la fréquence de
fonctionnement du compresseur (1) et commandant
le degré d’ouverture du premier mécanisme de ré-
duction de pression (19) ;
calculer une température de condensation du pre-
mier radiateur (16) à partir de la haute pression dé-
tectée par le capteur de haute pression (201),
calculer un degré de sous-refroidissement du pre-
mier radiateur (16) en soustrayant une température
du fluide frigorigène détectée par le capteur de tem-
pérature de liquide (209) de la température de con-
densation calculée, commander le degré d’ouvertu-
re du premier mécanisme de réduction de pression
(19) de sorte que le degré de sous-refroidissement
calculé devienne égal à une valeur prédéterminée ;
caractérisé par
lorsque la température de condensation du premier
radiateur (16) est supérieure ou égale à une valeur
de température de condensation cible prédétermi-
née, l’exécution d’une commande de température
de condensation pour réduire la fréquence de fonc-
tionnement du compresseur (1) sur la base d’une
différence entre la température de condensation et
la valeur de température de condensation cible pré-
déterminée, et
l’exécution d’une commande de degré d’ouverture
pour augmenter le degré d’ouverture du premier mé-
canisme de réduction de pression (19) à une valeur
supérieure à celle d’une commande de degré
d’ouverture sous la commande basée sur le degré
du sous-refroidissement.
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