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Description

TECHNICAL FIELD

[0001] The present invention relates to a refrigeration
apparatus including a refrigerant circuit for performing a
supercritical refrigeration cycle.

BACKGROUND ART

[0002] In general, a capability of a refrigeration appa-
ratus including a refrigerant circuit sequentially connect-
ing a compression mechanism, a heat source side heat
exchanger, an expansion mechanism, and a utilization
side heat exchanger is controlled by controlling the com-
pression mechanism and the expansion mechanism.
Patent Document 1 shows an example of the refrigeration
apparatus.
[0003] The refrigeration apparatus of the Patent Doc-
ument 1 includes a compressor capacity controller for
controlling the capacity of a compressor as the compres-
sion mechanism, and an expansion valve controller for
controlling the degree of opening of an expansion valve
as the expansion mechanism. The compressor capacity
controller controls the capacity of the compressor based
on a low pressure of a refrigerant flowing in the refrigerant
circuit. The expansion valve controller controls the de-
gree of opening of the expansion valve based on the
temperature of the refrigerant at an outlet of an evapo-
rator. Then, a control amount of the expansion valve con-
troller is corrected based on the capacity of the compres-
sor.

CITATION LIST

[0004] PATENT DOCUMENT 1: Japanese Patent
Publication No. 2002-22242

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0005] Even if the refrigeration apparatus is configured
to correct the control amount of the degree opening of
the expansion valve controlled by the expansion valve
controller based on the capacity of the compressor,
change of the degree of opening of the expansion valve
leads to change of a circulation state of the refrigerant,
thereby changing the low pressure of the refrigerant. In
response to the change of the low pressure of the refrig-
erant, the compressor capacity of the compressor in-
volves re-correction of the control amount of the expan-
sion valve controller. Thus, a sequence of the correction
of the control amount of the expansion valve controller,
the change of the low pressure of the refrigerant, the
change of the capacity of the compressor, and the re-
correction of the control amount of the expansion valve
controller occurs in a loop. The control of the low pressure

by the compressor, and the control of the degree of su-
perheat by the expansion valve cannot be easily settled.
[0006] In particular, a refrigeration apparatus for per-
forming a supercritical refrigeration cycle in which a high-
er pressure of the refrigerant is equal to or higher than a
critical pressure has a problem of difficulty in settling the
control.
[0007] From this point of view, the present invention is
intended to allow for improved settling of the control of
the capability of a refrigerant apparatus for performing
supercritical refrigeration cycle.
[0008] US 2007/006 8178 A1 relates to a heat pump
which has a compressor and an expander coupled with
a common axis of rotation, a first throttling device dis-
posed in a circulation passage of refrigerant, and a sec-
ond throttling device disposed in a bypass passage di-
verted from the expander. A control device controls the
openings of these throttling devices. The control device
executes a first controlling in which the opening of the
first throttling device is adjusted in order to bring a high
pressure PH in a refrigeration cycle close to a predeter-
mined value determined based on a value at which the
coefficient of performance (COP) of the heat pump is
optimized, and after the first controlling is completed, it
executes a second controlling in which the opening of
the second throttling device is adjusted in order to bring
a degree of superheat SH close to a predetermined pos-
itive value. US 2005/284 164 A1 is further prior art.

SOLUTION TO THE PROBLEM

[0009] The invention is defined by claim 1.
[0010] The present invention has been achieved by
paying attention to a large variation of enthalpy of the
refrigerant at an outlet of a gas cooler relative to the
change of the high pressure of the supercritical refriger-
ant cycle. Specifically, in cooling operation in the super-
critical refrigerant cycle, the enthalpy of the refrigerant at
the outlet of the gas cooler may greatly vary when the
high pressure changes due to change of the low pres-
sure. This leads to an event that is not caused by a sub-
critical, i.e., the enthalpy of the refrigerant at an inlet of
an indoor heat exchanger varies, thereby changing the
degree of superheat of the refrigerant at an outlet of the
indoor heat exchanger. As a result, the difficulty of settling
of the control increases. Also in heating operation, the
enthalpy of the refrigerant at the outlet of the gas cooler
may greatly vary due to the change of the high pressure.
This leads to great fluctuation of indoor air heating capa-
bility, thereby changing the temperature of the indoor air,
and changing a target value of the temperature of the
refrigerant at the outlet of the gas cooler. This vicious
circle further increases the difficulty of settling of the con-
trol. Moreover, CO2, which is a supercritical refrigerant,
shows greater variation in refrigerant density when it is
superheated as compared with chlorofluorocarbons
(e.g., when an evaporating temperature is 5°C, and the
degree of superheat varies from 0°C to 5°C, R410A
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shows a decrease in gas density of only 3.5 %, whereas
CO2 shows a decrease of as much as 6.5 %). Further,
the supercritical refrigerant shows great variation in cir-
culating amount and capability of the apparatus due to
the change of the degree of superheat, thereby greatly
affecting the controllability. In view of this, the present
disclosure is intended to control the high pressure of the
refrigeration cycle, and a predetermined physical value
controlled by the control of the capability of the apparatus
in a concurrent manner.
[0011] A first aspect of the invention is directed to a
refrigeration apparatus according to claim 1.
[0012] With this configuration, the predetermined
physical value is controlled, while controlling the high
pressure of the refrigeration cycle in the refrigerant circuit
(20). Specifically, a different physical value can be con-
trolled in consideration of the change of the high pressure
of the refrigeration cycle, and the change of enthalpy of
the refrigerant at an outlet of a gas cooler, due to adjust-
ment of the objects of control. In this way, the plurality of
objects of control are concurrently controlled so as to
concurrently control the high pressure of the refrigeration
cycle and the predetermined physical value, thereby con-
trolling the objects of control by taking into account the
effect of their changes on the high pressure and the pre-
determined physical value. Therefore, an event can be
avoided in which the objects of control are independently
controlled, and the corresponding high pressure of the
refrigeration cycle and predetermined physical value are
independently changed, and are affected by each other,
thereby resulting in difficulty in settling the control. This
allows for an improved convergence rate of the control
of the predetermined physical value and the high pres-
sure in the refrigeration apparatus.
[0013] In a second aspect of the invention related to
the first aspect of the invention the control section (40)
receives the predetermined physical value, and the high
pressure of the refrigeration cycle as inputs, generates
control signals each corresponding to the plurality of ob-
jects of control by associating the physical value and the
high pressure with each other, and outputs the control
signals to the corresponding objects of control, respec-
tively, thereby concurrently controlling the predetermined
physical value, and the high pressure of the refrigeration
cycle.
[0014] With this configuration, the control signals for
controlling the plurality of objects of control, respectively,
are generated by associating the input predetermined
physical value and high pressure of the refrigeration cycle
with each other. This allows for controlling the objects of
control by taking both of the predetermined physical val-
ue and the high pressure into consideration, instead of
controlling the objects of control by inputting any one of
the predetermined physical value and the high pressure.
Since the plurality of objects of control are concurrently
controlled as described above, a control signal for one
of the objects of control can be generated in consideration
of the effect of adjustment of the other objects of control

on the predetermined physical value and the high pres-
sure.
[0015] In a third aspect of the invention related to the
first or second aspect of the invention the refrigeration
apparatus further includes: a heat source side fan (28)
for feeding air to the heat source side heat exchanger
(23) in which the refrigerant exchanges heat with the air,
wherein in cooling operation, the predetermined physical
value includes an evaporating temperature of the refrig-
erant in the utilization side heat exchanger (27), and a
degree of superheat of the refrigerant at an outlet of the
utilization side heat exchanger (27), the objects of control
further include the heat source side fan (28), and the
control section (40) receives the evaporating tempera-
ture of the refrigerant, the degree of superheat of the
refrigerant, and the high pressure of the refrigeration cy-
cle as inputs, and concurrently controls the compression
mechanism (21), the expansion mechanism (24), and
the heat source side fan (28), thereby concurrently con-
trolling the evaporating temperature of the refrigerant,
the degree of superheat of the refrigerant, and the high
pressure of the refrigeration cycle.
[0016] With this configuration, in the cooling operation,
three objects of control, i.e., the compression mechanism
(21), the expansion mechanism (24), and the heat source
side fan (28), are concurrently controlled, thereby con-
currently controlling the high pressure of the refrigeration
cycle, the evaporating temperature of the refrigerant, and
the degree of superheat of the refrigerant. Thus, the
evaporating temperature and the degree of superheat of
the refrigerant can be controlled with the high pressure
of the refrigeration cycle stably controlled to a desired
target value. This allows for an improved convergence
rate of the control of the high pressure of the refrigeration
cycle, the evaporating temperature of the refrigerant, and
the degree of superheat of the refrigerant.
[0017] In a fourth aspect of the invention related to the
first or second aspect of the invention in heating opera-
tion, the predetermined physical value includes a degree
of superheat of the refrigerant at an outlet of the heat
source side heat exchanger (23), and the control section
(40) receives the degree of superheat of the refrigerant,
and the high pressure of the refrigeration cycle as inputs,
and concurrently controls the compression mechanism
(21) and the expansion mechanism (24), thereby con-
currently controlling the degree of superheat of the re-
frigerant, and the high pressure of the refrigeration cycle.
[0018] With this configuration, in the heating operation,
two objects of control, i.e., the compression mechanism
(21) and the expansion mechanism (24), are concurrently
controlled, thereby concurrently controlling the high pres-
sure of the refrigeration cycle, and the degree of super-
heat of the refrigerant. Thus, the degree of superheat of
the refrigerant can be controlled with the high pressure
of the refrigeration cycle stably controlled to a desired
target value. This allows for an improved convergence
rate of the control of the high pressure of the refrigeration
cycle, and the degree of superheat of the refrigerant.
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[0019] In a fifth aspect of the invention related to the
first or second aspect of the invention, the compression
mechanism includes a first compressor (21a) for sucking
and compressing a low pressure refrigerant, and a sec-
ond compressor (21b) for further compressing and dis-
charging the refrigerant discharged from the first com-
pressor (21a), the expansion mechanism includes a first
expansion mechanism (24) for expanding a high pres-
sure refrigerant, and a second expansion mechanism
(26) for further expanding the refrigerant expanded to an
intermediate pressure refrigerant by the first expansion
mechanism (24). In cooling operation, the predetermined
physical value includes an evaporating temperature of
the refrigerant in the utilization side heat exchanger (27),
a degree of superheat of the refrigerant at an outlet of
the utilization side heat exchanger (27), and an interme-
diate pressure of the refrigeration cycle, and the control
section (240) receives the evaporating temperature of
the refrigerant, the degree of superheat of the refrigerant,
the intermediate pressure of the refrigeration cycle, and
the high pressure of the refrigeration cycle as inputs, and
concurrently controls the first and second compressors
(21a, 21b), and the first and second expansion mecha-
nisms (24, 26), thereby concurrently controlling the evap-
orating temperature of the refrigerant, the degree of su-
perheat of the refrigerant, the intermediate pressure of
the refrigeration cycle, and the high pressure of the re-
frigeration cycle.
[0020] With this configuration, in the cooling operation,
four objects of control, i.e., the first and second compres-
sors (21a, 21b), and the first and second expansion
mechanisms (24, 26), are concurrently controlled, there-
by concurrently controlling the high pressure of the re-
frigeration cycle, the evaporating temperature of the re-
frigerant, the degree of superheat of the refrigerant, and
the intermediate pressure. Thus, the evaporating tem-
perature of the refrigerant, the degree of superheat of
the refrigerant, and the intermediate pressure of the re-
frigeration cycle can be controlled with the high pressure
of the refrigeration cycle stably controlled to a desired
target value. This allows for an improved convergence
rate of the control of the high pressure of the refrigeration
cycle, the evaporating temperature of the refrigerant, the
degree of superheat of the refrigerant, and the interme-
diate pressure of the refrigeration cycle.
[0021] In a sixth aspect of the invention related to the
first or second aspect of the invention,
the compression mechanism includes a first compressor
(21a) for sucking and compressing a low pressure refrig-
erant, and a second compressor (21b) for further com-
pressing and discharging the refrigerant discharged from
the first compressor (21a), the expansion mechanism in-
cludes a first expansion mechanism (24) for expanding
a high pressure refrigerant, and a second expansion
mechanism (26) for further expanding the refrigerant ex-
panded to an intermediate pressure refrigerant in the first
expansion mechanism (24). In heating operation, the pre-
determined physical value includes an evaporating tem-

perature of the refrigerant in the heat source side heat
exchanger (23), a degree of superheat of the refrigerant
at an outlet of the heat source side heat exchanger (23),
and a gas cooler outlet temperature which is a temper-
ature of the refrigerant at an outlet of the utilization side
heat exchanger (27), and the control section (240) re-
ceives the evaporating temperature of the refrigerant, the
degree of superheat of the refrigerant, the gas cooler
outlet temperature of the refrigerant, and the high pres-
sure of the refrigeration cycle as inputs, and concurrently
controls the first and second compressors (21a, 21b),
and the first and second expansion mechanisms (24, 26),
thereby concurrently controlling the evaporating temper-
ature of the refrigerant, the degree of superheat of the
refrigerant, the gas cooler outlet temperature of the re-
frigerant, and the high pressure of the refrigeration cycle.
[0022] With this configuration, in the heating operation,
four objects of control, i.e., the first and second compres-
sors (21a, 21b), and the first and second expansion
mechanisms (24, 26), are concurrently controlled, there-
by concurrently controlling the high pressure of the re-
frigeration cycle, the evaporating temperature of the re-
frigerant, the degree of superheat of the refrigerant, and
the gas cooler outlet temperature. Thus, the evaporating
temperature of the refrigerant, the degree of superheat
of the refrigerant, and the gas cooler outlet temperature
can be controlled with the high pressure of the refriger-
ation cycle stably controlled to a desired target value.
This allows for an improved convergence rate of the con-
trol of the high pressure of the refrigeration cycle, the
evaporating temperature of the refrigerant, the degree of
superheat of the refrigerant, and the gas cooler outlet
temperature.
[0023] In a seventh aspect of the invention related to
the first or second aspect of the invention, a plurality ones
of the utilization side heat exchanger (27a, 27b) are con-
nected in parallel with each other, the expansion mech-
anism includes a plurality of utilization side expansion
mechanisms (26a, 26b) each corresponding to the utili-
zation side heat exchangers (27a, 27b), and a heat
source side expansion mechanism (24) provided be-
tween the utilization side heat exchangers (27a, 27b) and
expansion mechanisms (26a, 26b), and the heat source
side heat exchanger (23). In cooling operation, the pre-
determined physical value includes evaporating temper-
atures of the refrigerant in the utilization side heat ex-
changers (27a, 27b), and degrees of superheat of the
refrigerant at outlets of the utilization side heat exchang-
ers (27a, 27b), and the control section (340) receives the
evaporating temperatures of the refrigerant, the degrees
of superheat of the refrigerant in the utilization side heat
exchangers (27a, 27b), and the high pressure of the re-
frigeration cycle as inputs, and concurrently controls the
compression mechanism (21), the plurality of utilization
side heat expansion mechanisms (26a, 26b), and the
heat source side expansion mechanism (24), thereby
concurrently controlling the evaporating temperatures of
the refrigerant, and the degrees of superheat of the re-
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frigerant in the utilization side heat exchangers (27a,
27b), and the high pressure of the refrigeration cycle.
[0024] With this configuration, in the cooling operation,
a plurality of objects of control, i.e., the compression
mechanism (21), the heat source side expansion mech-
anism (24), and the plurality of utilization side expansion
mechanisms (26a, 26b), are concurrently controlled,
thereby concurrently controlling the high pressure of the
refrigeration cycle, and the evaporating temperatures of
the refrigerant, and the degrees of superheat of the re-
frigerant at the utilization side heat exchangers (27a,
27b). Thus, the evaporating temperatures of the refrig-
erant, and the degrees of superheat of the refrigerant at
the utilization side heat exchangers (27a, 27b) can be
controlled with the high pressure of the refrigeration cycle
stably controlled to a desired target value. This allows
for an improved convergence rate of the control the high
pressure of the refrigeration cycle, the evaporating tem-
peratures of the refrigerant, and the degrees of superheat
of the refrigerant at the utilization side heat exchangers
(27a, 27b).
[0025] In an eighth aspect of the invention related to
the first or second aspect of the invention, a plurality ones
of the utilization side heat exchanger (27a, 27b) are con-
nected in parallel with each other, the expansion mech-
anism includes a plurality of utilization side expansion
mechanisms (26a, 26b) each corresponding to the utili-
zation side heat exchangers (27a, 27b), and a heat
source side expansion mechanism (24) provided be-
tween the utilization side heat exchangers (27a, 27b) and
expansion mechanisms (26a, 26b), and the heat source
side heat exchanger (23). In heating operation, the pre-
determined physical value includes a degree of super-
heat of the refrigerant at an outlet of the heat source side
heat exchanger (23), and gas cooler outlet temperatures
of the refrigerant which are temperatures of the refriger-
ant at outlets of the utilization side heat exchangers (27a,
27b), and the control section (340) receives the degree
of superheat of the refrigerant, the gas cooler outlet tem-
peratures of the refrigerant in the utilization side heat
exchangers (27a, 27b), and the high pressure of the re-
frigeration cycle as inputs, and concurrently controls the
compression mechanism (21), the plurality of utilization
side expansion mechanisms (26a, 26b), and the heat
source side expansion mechanism (24), thereby concur-
rently controlling the degree of superheat of the refriger-
ant, the gas cooler outlet temperatures of the refrigerant
in the utilization side heat exchangers (27a, 27b), and
the high pressure of the refrigeration cycle.
[0026] With this configuration, in the heating operation,
a plurality of objects of control, i.e., the compression
mechanism (21), the heat source side expansion mech-
anism (24), and the plurality of utilization side expansion
mechanisms (26a, 26b), are concurrently controlled,
thereby concurrently controlling the high pressure of the
refrigeration cycle, the degree of superheat of the refrig-
erant, and the gas cooler outlet temperatures at the uti-
lization side heat exchangers (27a, 27b). Thus, the de-

gree of superheat of the refrigerant, and the gas cooler
outlet temperatures of the refrigerant at the utilization
side heat exchangers (27a, 27b) can be controlled with
the high pressure of the refrigeration cycle stably con-
trolled to a desired target value. This allows for an im-
proved convergence rate of the control of the high pres-
sure of the refrigeration cycle, the degree of superheat
of the refrigerant, and the gas cooler outlet temperatures
of the refrigerant at the utilization side heat exchangers
(27a, 27b).

ADVANTAGES OF THE INVENTION

[0027] According to the present invention, a plurality
of objects of control are concurrently controlled, thereby
concurrently controlling the predetermined physical val-
ue of the refrigeration apparatus, and the high pressure
of the refrigeration cycle. Therefore, the predetermined
physical value, and the high pressure of the refrigeration
cycle can be controlled concurrently while concurrently
considering the predetermined physical value and the
high pressure of the refrigeration cycle, and considering
the effect of the plurality of objects of control on the pre-
determined physical value and the high pressure of the
refrigeration cycle. This allows for an improved conver-
gence rate of the control of the predetermined physical
value and the high pressure of the refrigeration appara-
tus.
[0028] According to the second aspect of the invention,
the control signals for controlling the plurality of objects
of control, respectively, are generated by associating the
input predetermined physical value and high pressure of
the refrigeration cycle with each other. Therefore, a con-
trol signal for one of the objects of control can be gener-
ated in concurrent consideration of the predetermined
physical value and the high pressure, and in considera-
tion of the effect of adjustment of the other objects of
control on the predetermined physical value and the high
pressure. This allows for an improved convergence rate
of the control of the predetermined physical value and
the high pressure of the refrigeration apparatus.
[0029] According to the third aspect of the invention,
three objects of control, i.e., the compression mechanism
(21), the expansion mechanism (24), and the heat source
side fan (28), are concurrently controlled in the cooling
operation, thereby concurrently controlling the high pres-
sure of the refrigeration cycle, the evaporating tempera-
ture of the refrigerant, and the degree of superheat of the
refrigerant. This allows for an improved convergence rate
of the control of the high pressure of the refrigeration
cycle, the evaporating temperature of the refrigerant, and
the degree of superheat of the refrigerant.
[0030] According to the fourth aspect of the invention,
two objects of control, i.e., the compression mechanism
(21) and the expansion mechanism (24), are concurrently
controlled in the heating operation, thereby concurrently
controlling the high pressure of the refrigeration cycle,
and the degree of superheat of the refrigerant. This allows
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for an improved convergence rate of the control of the
high pressure of the refrigeration cycle, and the degree
of superheat of the refrigerant.
[0031] According to the fifth aspect of the invention,
four objects of control, i.e., the first and second compres-
sors (21a, 21b), and the first and second expansion
mechanisms (24, 26), are concurrently controlled in the
cooling operation in the refrigeration apparatus for per-
forming a two-stage compression refrigeration cycle,
thereby concurrently controlling the high pressure of the
refrigeration cycle, the evaporating temperature of the
refrigerant, the degree of superheat of the refrigerant,
and the intermediate pressure of the refrigeration cycle.
This allows for an improved convergence rate of the con-
trol of the high pressure of the refrigeration cycle, the
evaporating temperature of the refrigerant, the degree of
superheat of the refrigerant, and the intermediate pres-
sure of the refrigeration cycle.
[0032] According to the sixth aspect of the invention,
four objects of control, i.e., the first and second compres-
sors (21a, 21b), and the first and second expansion
mechanisms (24, 26), are concurrently controlled in the
heating operation in the refrigeration apparatus for per-
forming the two-stage compression refrigeration cycle,
thereby concurrently controlling the high pressure of the
refrigeration cycle, the evaporating temperature of the
refrigerant, the degree of superheat of the refrigerant,
and the gas cooler outlet temperature. This allows for an
improved convergence rate of the control of the high pres-
sure of the refrigeration cycle, the evaporating tempera-
ture of the refrigerant, the degree of superheat of the
refrigerant, and the gas cooler outlet temperature.
[0033] According to the seventh aspect of the inven-
tion, a plurality of objects of control, i.e., the compression
mechanism (21), the heat source side expansion mech-
anism (24), and a plurality of utilization side expansion
mechanisms (26a, 26b), are concurrently controlled in
the cooling operation of a so-called multi-type refrigera-
tion apparatus including a plurality of indoor units, there-
by concurrently controlling the high pressure of the re-
frigeration cycle, the evaporating temperature of the re-
frigerant, and the degrees of superheat at the heat utili-
zation side heat exchangers (27a, 27b). This allows for
an improved convergence rate of the control of the high
pressure of the refrigeration cycle, the evaporating tem-
perature of the refrigerant, and the degrees of superheat
in the utilization side heat exchangers (27a, 27b).
[0034] According to the eighth aspect of the invention
a plurality of objects of control, i.e., the compression
mechanism (21), the heat source side expansion mech-
anism (24), and a plurality of utilization side expansion
mechanisms (26a, 26b), are concurrently controlled in
the heating operation in the so-called multi-type refriger-
ation apparatus including a plurality of indoor units, there-
by concurrently controlling the high pressure of the re-
frigeration cycle, the degree of superheat of the refriger-
ant, and the gas cooler outlet temperatures of the refrig-
erant at the utilization side heat exchangers (27a, 27b).

This allows for an improved convergence rate of the con-
trol of the high pressure of the refrigeration cycle, the
degree of superheat of the refrigerant, and the gas cooler
outlet temperatures of the refrigerant in the utilization side
heat exchangers (27a, 27b).

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

[FIG. 1] FIG. 1 is a piping diagram illustrating the
structure of an air conditioner of a first embodiment.
[FIG. 2] FIG. 2 is a control block diagram of a con-
troller in cooling operation.
[FIG. 3] FIG. 3 is a control block diagram of the con-
troller in heating operation.
[FIG. 4] FIG. 4 is a piping diagram illustrating the
structure of an air conditioner of a second embodi-
ment.
[FIG. 5] FIG. 5 is a control block diagram of a con-
troller in cooling operation.
[FIG. 6] FIG. 6 is a control block diagram of the con-
troller in heating operation.
[FIG. 7] FIG. 7 is a piping diagram illustrating the
structure of an air conditioner of a third embodiment.
[FIG. 8] FIG. 8 is a control block diagram of a con-
troller in cooling operation.
[FIG. 9] FIG. 9 is a control block diagram of the con-
troller in heating operation.
[FIG. 10] FIG. 10 is a piping diagram illustrating the
structure of an air conditioner of another embodi-
ment.
[FIG. 11] FIG. 11 is a piping diagram illustrating the
structure of an air conditioner of still another embod-
iment.

DESCRIPTION OF EMBODIMENTS

[0036] Embodiments of the present invention will be
described in detail with reference to the drawings.

[First Embodiment]

[0037] A first embodiment of the present invention will
be described in detail with reference to the drawings.
[0038] As shown in FIG. 1, an air conditioner (10) of
the present embodiment includes a refrigerant circuit
(20), and a controller (40).
[0039] The refrigerant circuit (20) is a closed circuit
filled with carbon dioxide (CO2) as a refrigerant. The re-
frigerant circuit (20) is configured to perform a vapor com-
pression refrigeration cycle by circulating the refrigerant.
Further, the refrigerant circuit (20) is configured to per-
form a supercritical refrigeration cycle in which a high
pressure is equal to or higher than a supercritical pres-
sure of carbon dioxide (i.e., a refrigeration cycle in which
a vapor pressure is equal to or higher than a supercritical
temperature of carbon dioxide).
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[0040] The refrigerant circuit (20) connects a compres-
sor (21), a four way switching valve (22), an outdoor heat
exchanger (23), an outdoor expansion valve (24), and
an indoor heat exchanger (27).
[0041] Specifically, in the refrigerant circuit (20), a dis-
charge side of the compressor (21) is connected to a first
port of the four way switching valve (22), and a suction
side of the compressor (21) is connected to a second
port of the four way switching valve (22). In the refrigerant
circuit (20), the outdoor heat exchanger (23), the outdoor
expansion valve (24), and the indoor heat exchanger (27)
are sequentially arranged in a path from a third port to a
fourth port of the four way switching valve (22).
[0042] The compressor (21) is configured as a fully
sealed variable capacity compressor. The compressor
(21) sucks and compresses the refrigerant (carbon diox-
ide) to a supercritical pressure or higher, and then dis-
charges the compressed refrigerant. Changing a fre-
quency of AC fed to a motor (not shown) of the compres-
sor (21) changes a rotation speed, i.e., a capacity, of the
compressor (21). The compressor (21) constitutes a
compression mechanism.
[0043] In the outdoor heat exchanger (23), outdoor air
sucked by an outdoor fan (28) exchanges heat with the
refrigerant. In the indoor heat exchanger (27), indoor air
sucked by an indoor fan (29) exchanges heat with the
refrigerant. The outdoor heat exchanger (23) constitutes
a heat source side heat exchanger, and the indoor heat
exchanger (27) constitutes a utilization side heat ex-
changer. The outdoor fan (28) constitutes a heat source
side fan.
[0044] The outdoor expansion valve (24) is comprised
of an electronic expansion valve whose degree of open-
ing is variable, and whose valve element (not shown) is
driven by a pulse motor (not shown). The outdoor expan-
sion valve (24) constitutes an expansion mechanism.
[0045] The four way switching valve (22) is switchable
between a first state where the first and third ports com-
municate with each other, and the second and fourth
ports communicate with each other (a state indicated by
a solid line in FIG. 1), and a second state where the first
and fourth ports communicate with each other, and the
second and third ports communicate with each other (a
state indicated by a broken line in FIG. 1).
[0046] Thus, the air conditioner (10) is able to switch-
ably perform cooling operation and heating operation by
switching the four way switching valve (22).
[0047] In the cooling operation, the four way switching
valve (22) is set to the first state. When the compressor
(21) is operated in this state, the outdoor heat exchanger
(23) functions as a radiator (a gas cooler), and the indoor
heat exchanger (27) functions as an evaporator to per-
form the refrigeration cycle. Specifically, the refrigerant
in the supercritical state discharged from the compressor
(21) flows into the outdoor heat exchanger (23), and dis-
sipates heat to the outdoor air. After the heat dissipation,
the refrigerant expands (decreases in pressure) as it
passes through the outdoor expansion valve (24), and

then flows into the indoor heat exchanger (27). The re-
frigerant in the indoor heat exchanger (27) absorbs heat
from the indoor air to evaporate, and the cooled indoor
air is fed to the inside of the room. The evaporated re-
frigerant is sucked into and compressed in the compres-
sor (21).
[0048] In the heating operation, the four way switching
valve (22) is set to the second state. When the compres-
sor (21) is operated in this state, the indoor heat exchang-
er (27) functions as a radiator (a gas cooler), and the
outdoor heat exchanger (23) functions as an evaporator
to perform the refrigeration cycle. Specifically, the refrig-
erant in the supercritical state discharged from the com-
pressor (21) flows into the indoor heat exchanger (27),
and dissipates heat to the indoor air. The heated indoor
air is fed to the inside of the room. After the heat dissi-
pation, the refrigerant expands (decreases in pressure)
as it passes through the outdoor expansion valve (24).
The refrigerant expanded by the outdoor expansion valve
(24) flows into the outdoor heat exchanger (23), and ab-
sorbs heat from the outdoor air to evaporate. The evap-
orated refrigerant is sucked into and compressed in the
compressor (21).
[0049] In the air conditioner (10) configured in this man-
ner, the refrigerant circuit (20) includes an outdoor tem-
perature sensor (30), an indoor temperature sensor (31),
a low pressure sensor (32), a discharge temperature sen-
sor (33), a high pressure sensor (34), a gas cooler outlet
temperature sensor (37) for the heating operation, and
a gas cooler outlet temperature sensor (39) for the cool-
ing operation.
[0050] The outdoor temperature sensor (30) is a tem-
perature sensing part for sensing the temperature of the
outdoor air entering the outdoor heat exchanger (23).
The indoor temperature sensor (31) is a temperature
sensing part for sensing the temperature of the indoor
air entering the indoor heat exchanger (27). The low pres-
sure sensor (32) is a pressure sensing part for sensing
the pressure of the refrigerant sucked into the compres-
sor (21), i.e., the low pressure of the refrigeration cycle
in the refrigerant circuit (20). The discharge temperature
sensor (33) is a temperature sensing part for sensing the
temperature of the refrigerant discharged from the com-
pressor (21). The high pressure sensor (34) is a pressure
sensing part for sensing the pressure of the refrigerant
discharged from the compressor (21), i.e., the high pres-
sure of the refrigeration cycle in the refrigerant circuit
(20). The gas cooler outlet temperature sensor (37) for
the heating operation is a temperature sensing part for
sensing the temperature of the refrigerant at an outlet of
the indoor heat exchanger (27) when the refrigerant cir-
culates in the refrigerant circuit (20) in a heating cycle.
The gas cooler outlet temperature sensor (39) for the
cooling operation is a temperature sensing part for sens-
ing the temperature of the refrigerant at an outlet of the
outdoor heat exchanger (23) when the refrigerant circu-
lates in the refrigerant circuit (20) in a cooling cycle.
[0051] The controller (40) is configured to receive out-
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put signals from the indoor temperature sensor (31), the
low pressure sensor (32), the discharge temperature
sensor (33), and the high pressure sensor (34), and to
control an operation frequency of the compressor (21),
the degree of opening of the outdoor expansion valve
(24), and an operation frequency of the outdoor fan (28).
The controller (40) functions as a control section.
[0052] The controller (40) includes, as shown in FIGS.
2 and 3, a target low pressure calculator (41) for calcu-
lating a target low pressure Pls which is a target value of
the low pressure of the refrigeration cycle, a target high
pressure calculator (42) for calculating a target high pres-
sure Phs which is a target value of the high pressure of
the refrigeration cycle, a target discharge temperature
calculator (43) for calculating a target discharge temper-
ature T1s which is a target value of the discharge tem-
perature of the refrigerant, and a control signal generator
(49) for generating control signals transmitted to the com-
pressor (21), the outdoor expansion valve (24), and the
outdoor fan (28). The controller (40) performs the control
in different ways for the cooling operation and the heating
operation. That is, components operated in the cooling
operation are different from those operated in the heating
operation. Therefore, a control block for the cooling op-
eration is shown in FIG. 2, and a control block for the
heating operation is shown in FIG. 3.
[0053] The target low pressure calculator (41) calcu-
lates the target low pressure Pls based on a temperature
deviation et between a set temperature Ts and the output
signal from the indoor temperature sensor (31) (i.e., an
indoor temperature Ta).
[0054] In the cooling operation, the target high pres-
sure calculator (42) calculates the target high pressure
Phs based on the output signal from the outdoor temper-
ature sensor (30) (i.e., an outdoor temperature T0), and
the output signal from the gas cooler outlet temperature
sensor (39) for the cooling operation (i.e., a gas cooler
outlet temperature T4). In the heating operation, the tar-
get high pressure calculator (42) calculates the target
high pressure Phs based on the temperature deviation
et, and the output signal from the gas cooler outlet tem-
perature sensor (37) for the heating operation (i.e., the
gas cooler outlet temperature T4).
[0055] The target discharge temperature calculator
(43) calculates the target discharge temperature T1s
based on the temperature deviation et, the output signal
from the low pressure sensor (32) (i.e., an actual low
pressure PI), the output signal from the high pressure
sensor (34) (i.e., an actual high pressure Ph), an opera-
tion frequency fc of the compressor (21), and the outdoor
temperature T0. More specifically, the target discharge
temperature calculator (43) calculates the target dis-
charge temperature T1s corresponding to a target de-
gree of superheat based on the temperature deviation
et, the actual low pressure PI, the actual high pressure
Ph, the operation frequency fc of the compressor (21),
and the outdoor temperature T0.
[0056] The target low pressure calculator (41), the tar-

get high pressure calculator (42), and the target dis-
charge temperature calculator (43) have maps and func-
tions, respectively. Each of the calculators is configured
to deliver an output value (a target value) corresponding
to the input.
[0057] Signals input to the control signal generator (49)
in the cooling operation are different from those input to
the control signal generator (49) in the heating operation.
The control signal generator (49) has a plurality of PID
control sections (p1a, p2a, ..., p1b, p2b, ...) each having
a control parameter corresponding to the input signal.
[0058] In the cooling operation, the control signal gen-
erator (49) receives a low pressure deviation e1 between
the target low pressure Pls calculated by the target low
pressure calculator (41) and the actual low pressure PI
from the low pressure sensor (32), a high pressure de-
viation e2 between the target high pressure Phs calcu-
lated by the target high pressure calculator (42) and the
actual high pressure Ph from the high pressure sensor
(34), and a discharge temperature deviation e3 between
the target discharge temperature T1s calculated by the
target discharge temperature calculator (43) and the out-
put signal from the discharge temperature sensor (33)
(i.e., an actual discharge temperature T1).
[0059] Nine PID control sections (p1a, p2a, ...) of the
control signal generator (49) are operated in the cooling
operation. Specifically, the low pressure deviation e1 in-
put to the control signal generator (49) is input to the first
to third PID control sections (p1a, p2a, p3a), the high
pressure deviation e2 is input to the fourth to sixth PID
control sections (p4a, p5a, p6a), and the discharge tem-
perature deviation e3 are input to the seventh to ninth
PID control sections (p7a, p8a, p9a).
[0060] Each of the first to ninth PID control sections
(p1a, p2a, ...) delivers an output generated by multiplying
the input deviation by a predetermined control parameter.
As a result, the control signal generator (49) generates
a compressor frequency control signal Δfc by adding the
output signals from the first, fourth, and seventh PID con-
trol sections (p1a, p4a, p7a), generates an expansion
valve control signal Δev by adding the output signals from
the second, fifth, and eighth PID control sections (p2a,
p5a, p8a), and generates a fan frequency control signal
Δff by adding the output signals from the third, sixth, and
ninth PID control sections (p3a, p6a, p9a).
[0061] The compressor frequency control signal Δfc,
the expansion valve control signal Δev, and the fan fre-
quency control signal Δff generated in this manner are
output to the air conditioner (10).
[0062] In the air conditioner (10), a frequency of AC
fed to the motor of the compressor (21) (i.e., the operation
frequency) is set to a value corresponding to the com-
pressor frequency control signal Δfc, thereby changing
the rotation speed of the compressor (21). Thus, the ca-
pacity of the compressor (21) varies according to the
compressor frequency control signal Δfc.
[0063] A pulse number of the signal fed to the pulse
motor of the outdoor expansion valve (24) is set to a value
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corresponding to the expansion valve control signal Δev.
Thus, the pulse motor of the outdoor expansion valve
(24) rotates by an angle corresponding to the pulse
number, thereby adjusting the degree of opening of the
valve according to the expansion valve control signal
Δev.
[0064] Further, a frequency of AC fed to the motor of
the outdoor fan (28) (i.e., the operation frequency) is set
to a value corresponding to the fan frequency control
signal Δff, thereby changing the rotation speed of the
outdoor fan (28). Thus, a flow rate of air fed from the
outdoor fan (28) to the outdoor heat exchanger (23) var-
ies according to the fan frequency control signal Δff.
[0065] The low pressure PI, the discharge temperature
T1, and the high pressure Ph of the air conditioner (10)
operated in this operation state are fed back to the con-
troller (40) through the low pressure sensor (32), the dis-
charge temperature sensor (33), and the high pressure
sensor (34). In this way, the controller (40) performs feed
back control to set the low pressure PI (and an evapo-
rating temperature), the discharge temperature T1 (and
the degree of superheat), and the high pressure Ph to
the target values corresponding to the operation state,
respectively.
[0066] As described above, each of the compressor
frequency control signal Δfc, the expansion valve control
signal Δev, and the fan frequency control signal Δff is
generated by associating the low pressure deviation e1,
the high pressure deviation e2, and the discharge tem-
perature deviation e3 with each other. Specifically, for
example, unlike a refrigeration apparatus in which the
low pressure of the refrigeration cycle is controlled by the
compressor (21), the discharge temperature of the re-
frigerant is controlled by the outdoor expansion valve
(24), and the high pressure of the refrigeration cycle is
controlled by the outdoor fan (28), objects of the control
corresponding to the physical values, respectively, are
not controlled independently. Instead of this, the com-
pressor (21), the outdoor expansion valve (24), and the
outdoor fan (28) are concurrently controlled, thereby con-
currently, or simultaneously controlling the high pres-
sure, the low pressure, and the discharge temperature.
Specifically, each of the low pressure, the high pressure,
and the discharge temperature is not controlled only by
one of the compressor (21), the outdoor expansion valve
(24), and the outdoor fan (28), but is controlled by all the
compressor (21), the outdoor expansion valve (24), and
the outdoor fan (28). More specifically, each of the objects
of the control, i.e., the compressor (21), the outdoor ex-
pansion valve (24), and the outdoor fan (28), is controlled
not only based on the changes of the low pressure, the
high pressure, and the discharge temperature resulting
from the control solely of the each of the objects of control,
but is controlled based on the changes of the low pres-
sure, the high pressure, and the discharge temperature
resulting from the control of the other objects of control
(in other words, the control parameters of the first to nine
PID control sections (p1a, p2a, ...) are determined so as

to take these changes into account).
[0067] In the heating operation, the control signal gen-
erator (49) receives the high pressure deviation e2 be-
tween the target high pressure Phs calculated by the tar-
get high pressure calculator (42) and the actual high pres-
sure Ph from the high pressure sensor (34), and the dis-
charge temperature deviation e3 between the target dis-
charge temperature T1s calculated by the target dis-
charge temperature calculator (43) and the actual dis-
charge temperature T1 of the discharge temperature
sensor (33).
[0068] In the heating operation, four PID control sec-
tions (p1b, p2b, ...) of the control signal generator (49)
are operated. Specifically, the discharge temperature de-
viation e3 input to the control signal generator (49) is
input to the first and second PID control sections (p1b,
p2b), and the high pressure deviation e2 is input to the
third and fourth PID control sections (p3b, p4b).
[0069] Each of the first to fourth PID control sections
(p1b, p2b, ...) delivers an output generated by multiplying
the input deviation by a predetermined control parameter.
As a result, the control signal generator (49) generates
the compressor frequency control signal Δfc by adding
the output signals from the first and third PID control sec-
tions (p1b, p3b), and generates the expansion valve con-
trol signal Δev by adding the output signals from the sec-
ond and fourth PID control sections (p2b, p4b).
[0070] The compressor frequency control signal Δfc
and the expansion valve control signal Δev generated in
this manner are output to the air conditioner (10).
[0071] In the air conditioner (10), the capacity of the
compressor (21) varies according to the compressor fre-
quency control signal Δfc, and the degree of opening of
the outdoor expansion valve (24) is adjusted according
to the expansion valve control signal Δev.
[0072] The discharge temperature T1 and the high
pressure Ph of the air conditioner (10) operated in this
operation state are fed back to the controller (40) through
the discharge temperature sensor (33) and the high pres-
sure sensor (34). In this way, the controller (40) performs
feed back control to set the discharge temperature T1
(and the degree of superheat), and the high pressure Ph
to target values corresponding to the operation state, re-
spectively.
[0073] As described above, each of the compressor
frequency control signal Δfc and the expansion valve con-
trol signal Δev are generated by associating the high
pressure deviation e2 and the discharge temperature de-
viation e3 with each other. Specifically, for example, un-
like a refrigeration apparatus in which the high pressure
of the refrigeration cycle is controlled by the compressor
(21), and the discharge temperature of the refrigerant is
controlled by the outdoor expansion valve (24), the ob-
jects of control corresponding to the physical values, re-
spectively, are not controlled independently. Instead of
this, the compressor (21) and the outdoor expansion
valve (24) are concurrently controlled, thereby concur-
rently, or simultaneously controlling the high pressure
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and the discharge temperature. Specifically, each of the
high pressure and the discharge temperature is not con-
trolled by only one of the compressor (21) and the outdoor
expansion valve (24), but is controlled by both of the com-
pressor (21) and the outdoor expansion valve (24). More
specifically, each of the objects of control, i.e., the com-
pressor (21) and the outdoor expansion valve (24), is
controlled not only based on the changes of the high pres-
sure and the discharge temperature resulting solely from
the control of the each of the objects of control, but is
controlled based on the changes of the high pressure
and the discharge temperature resulting from the control
of the other objects of control (in other words, the control
parameters of the first to fourth PID control sections (p1b,
p2b, ...) are determined so as to take these changes into
account).
[0074] Thus, according to the first embodiment, the
plurality of objects of control (e.g., the compressor (21),
the outdoor expansion valve (24), etc.) are simultane-
ously controlled in such a manner that the high pressure
of the refrigeration cycle, and the predetermined physical
value of the air conditioner (10) are adjusted to the pre-
determined target values corresponding to the operation
state. At the same time, each of the objects of control is
controlled in consideration of the changes of the physical
value and the high pressure of the refrigeration cycle re-
sulting from the control of the plurality of objects of con-
trol. According to these schemes, the capability of the air
conditioner (10) (e.g., the low pressure, the degree of
superheat, etc., in the cooling operation) can be control-
led with the high pressure stably kept to the target value
corresponding to the operation state. This can avoid an
event in which the control of a target physical value can-
not be easily settled, i.e., an event in which adjustment
of a first physical value changes a second physical value,
and correction of the change of the second physical value
by adjusting the second physical value changes a third
physical value or the first physical value already adjusted,
thereby involving another adjustment. This allows for an
improved convergence rate of the control of the capability
and the high pressure of the air conditioner (10).
[0075] According to the present embodiment, three
physical values, i.e., the low pressure, the high pressure,
and the discharge temperature, are controlled by three
objects of control, i.e., the compressor (21), the outdoor
expansion valve (24), and the outdoor fan (28), in the
cooling operation. In the heating operation, two physical
values, i.e., the high pressure and the discharge temper-
ature, are controlled by two objects of control, i.e., the
compressor (21) and the outdoor expansion valve (24).
However, some of the objects of control easily have an
effect on the physical values, but some do not. That is,
even when one of the objects of control is changed, some
physical values are less susceptible to the change. In the
present embodiment, all the physical values to be con-
trolled are input, and they are associated with each other
to generate control signals each corresponding to the
objects of control. Instead of this, in generating a control

signal for one of the objects of control to which a certain
physical value is less susceptible, the degree of associ-
ation of the certain physical value may be reduced or
eliminated (specifically, among the PID control sections
(p1a, ..., p1b, ...) for generating the control signal for the
object of control to which a certain physical value is less
susceptible, a control parameter of one of the PID control
sections corresponding to the certain physical value may
be reduced or reduced to zero.)

[Second Embodiment]

[0076] A second embodiment of the present invention
will be described below.
[0077] An air conditioner (210) of the second embod-
iment is different from the air conditioner (10) of the first
embodiment in that two expansion valves (24, 26) are
provided between an outdoor heat exchanger (23) and
an indoor heat exchanger (27) of a refrigerant circuit
(220), and that two compressors (21a, 21b) are provided
to perform a two-stage compression refrigeration cycle.
[0078] Specifically, as shown in FIG. 4, the air condi-
tioner (210) includes a refrigerant circuit (220), and a con-
troller (240).
[0079] The refrigerant circuit (220) connects a low
pressure first compressor (21a), a high pressure second
compressor (21b), a four way switching valve (22), an
outdoor heat exchanger (23), an outdoor expansion valve
(24), a gas-liquid separator (25), an indoor expansion
valve (26), and an indoor heat exchanger (27).
[0080] Specifically, in the refrigerant circuit (220), a dis-
charge side of the second compressor (21b) is connected
to a first port of the four way switching valve (22), and a
suction side of the first compressor (21a) is connected
to a second port of the four way switching valve (22). The
first compressor (21a) and the second compressor (21b)
are connected through a pipe in such a manner that the
refrigerant compressed in and discharged from the first
compressor (21a) is sucked into the second compressor
(21b) for further compression. In the refrigerant circuit
(220), the outdoor heat exchanger (23), the outdoor ex-
pansion valve (24), the gas-liquid separator (25), the in-
door expansion valve (26), and the indoor heat exchang-
er (27) are sequentially arranged in a path from a third
port to a fourth port of the four way switching valve (22).
The gas-liquid separator (25) is connected to the pipe
connecting the first compressor (21a) and the second
compressor (21b) through a first intermediate pressure
refrigerant pipe (25a).
[0081] The first and second compressors (21a, 21b)
are the same as the compressor of the first embodiment.
The first and second compressors (21a, 21b) constitute
a compression mechanism.
[0082] Each of the outdoor expansion valve (24) and
the indoor expansion valve (26) is comprised of an elec-
tronic expansion valve whose degree of opening is var-
iable, and whose valve element (not shown) is driven by
a pulse motor (not shown). The outdoor expansion valve
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(24) constitutes a first expansion mechanism, and the
indoor expansion valve (26) constitutes a second expan-
sion mechanism.
[0083] The gas-liquid separator (25) is a longitudinal,
cylindrical hermetic container. The gas-liquid separator
(25) is connected to the outdoor expansion valve (24)
and the indoor expansion valve (26) through a bridge
circuit (50).
[0084] Specifically, the outdoor expansion valve (24)
is connected to one of terminals of the bridge circuit (50)
through a second intermediate pressure refrigerant pipe
(25b). The indoor expansion valve (26) is connected to
a second terminal of the bridge circuit (50) through a third
intermediate pressure refrigerant pipe (25c). An end of
a refrigerant inlet pipe (25d) is connected to a third ter-
minal of the bridge circuit (50), and the other end of the
refrigerant inlet pipe (25d) is connected to the gas-liquid
separator (25). The other end of the refrigerant inlet pipe
(25d) penetrates an upper surface of the hermetic con-
tainer serving as the gas-liquid separator (25), and is
positioned in an upper portion of space inside the con-
tainer. An end of a refrigerant outlet pipe (25e) is con-
nected to a fourth terminal of the bridge circuit (50), and
the other end of the refrigerant outlet pipe (25e) is con-
nected to the gas-liquid separator (25). The other end of
the refrigerant outlet pipe (25e) penetrates the upper sur-
face of the hermetic container of the gas-liquid separator
(25), and is positioned in a lower portion of the space
inside the container.
[0085] An end of the first intermediate pressure refrig-
erant pipe (25a) close to the gas-liquid separator (25)
penetrates the upper surface of the hermetic container
of the gas-liquid separator (25), and is positioned in the
upper portion of the space inside the container.
[0086] Like the air conditioner of the first embodiment,
the air conditioner (210) is able to switchably perform
cooling operation and heating operation by switching the
four way switching valve (22).
[0087] In the cooling operation, the four way switching
valve (22) is set to the first state. When the first and sec-
ond compressors (21a, 21b) are driven in this state, the
outdoor heat exchanger (23) functions as a radiator (a
gas cooler), and the indoor heat exchanger (27) functions
as an evaporator to perform the refrigeration cycle. Spe-
cifically, an intermediate pressure refrigerant discharged
from the first compressor (21a) is compressed in the sec-
ond compressor (21b) to the supercritical state. The su-
percritical refrigerant flows into the outdoor heat ex-
changer (23), and dissipates heat to the outdoor air. After
the heat dissipation, the high pressure refrigerant de-
creases in pressure in the outdoor expansion valve (24)
to become a gas-liquid two phase intermediate pressure
refrigerant, and flows into the gas-liquid separator (25)
through the second intermediate pressure refrigerant
pipe (25b), the bridge circuit (50), and the refrigerant inlet
pipe (25d). The intermediate pressure refrigerant entered
the gas-liquid separator (25) is separated to a liquid re-
frigerant and a gaseous refrigerant. The intermediate

pressure gaseous refrigerant flows from the upper por-
tion in the space inside the gas-liquid separator (25) to
the suction side of the second compressor (21b) through
the first intermediate pressure refrigerant pipe (25a),
merges with the intermediate pressure gaseous refriger-
ant discharged from the first compressor (21a), and is
sucked into the second compressor (21b). The interme-
diate pressure liquid refrigerant is temporarily stored in
the lower portion of the space inside the gas-liquid sep-
arator (25), and then exits from the lower portion of the
space to pass through the refrigerant outlet pipe (25e),
the bridge circuit (50), and the third intermediate pressure
refrigerant pipe (25c). Then, the intermediate pressure
liquid refrigerant expands (decreases in pressure) in the
indoor expansion valve (26) to become a gas-liquid two
phase low pressure refrigerant, and flows into the indoor
heat exchanger (27). In the indoor heat exchanger (27),
the refrigerant absorbs heat from the indoor air to evap-
orate, and the cooled indoor air is fed to the inside of the
room. The evaporated refrigerant is sucked into and com-
pressed in the first compressor (21a).
[0088] In the heating operation, the four way switching
valve (22) is set to the second state. When the first and
second compressors (21a, 21b) are operated in this
state, the indoor heat exchanger (27) functions as a ra-
diator (a gas cooler), and the outdoor heat exchanger
(23) functions as an evaporator to perform the refrigera-
tion cycle. Specifically, an intermediate pressure gase-
ous refrigerant discharged from the first compressor
(21a) is compressed in the second compressor (21b) to
the supercritical state. The supercritical refrigerant flows
into the indoor heat exchanger (27), and dissipates heat
to the indoor air. The heated indoor air is fed to the inside
of the room. After the heat dissipation, the refrigerant
decreases in pressure in the indoor expansion valve (26)
to become a gas-liquid two phase intermediate pressure
refrigerant, and flows into the gas-liquid separator (25)
through the third intermediate pressure refrigerant pipe
(25c), the bridge circuit (50), and the refrigerant inlet pipe
(25d). The intermediate pressure refrigerant entered the
gas-liquid separator (25) is separated into a liquid refrig-
erant and a gaseous refrigerant. The intermediate pres-
sure gaseous refrigerant flows from the upper portion of
the space inside the gas-liquid separator (25) to the suc-
tion side of the second compressor (21b) through the first
intermediate pressure refrigerant pipe (25a), merges with
the intermediate pressure gaseous refrigerant dis-
charged from the first compressor (21a), and is sucked
into the second compressor (21b). The intermediate
pressure liquid refrigerant is temporarily stored in the low-
er portion of the space inside the gas-liquid separator
(25), and then flows from the lower portion of the space
to the outdoor expansion valve (24) through the refriger-
ant outlet pipe (25e), the bridge circuit (50), and the sec-
ond intermediate pressure refrigerant pipe (25b). The in-
termediate pressure liquid refrigerant expands (decreas-
es in pressure) as it passes through the outdoor expan-
sion valve (24) to become a gas-liquid two phase low
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pressure refrigerant, and flows into the outdoor heat ex-
changer (23). In the outdoor heat exchanger (23), the
refrigerant absorbs heat from the outdoor air to evapo-
rate. The evaporated refrigerant is sucked into and com-
pressed in the first compressor (21a).
[0089] The air conditioner (210) configured in this man-
ner includes, in the refrigerant circuit (220), an indoor
temperature sensor (31), a low pressure sensor (32), a
discharge temperature sensor (33), a high pressure sen-
sor (34), a suction temperature sensor (35), an interme-
diate pressure saturation temperature sensor (36), a gas
cooler outlet temperature sensor (37) for the heating op-
eration.
[0090] The indoor temperature sensor (31) is a tem-
perature sensing part for sensing the temperature of the
indoor air entering the indoor heat exchanger (27). The
low pressure sensor (32) is a pressure sensing part for
sensing the pressure of the refrigerant sucked into the
first compressor (21a), i.e., the low pressure of the re-
frigeration cycle in the refrigerant circuit (220). The dis-
charge temperature sensor (33) is a temperature sensing
part for sensing the temperature of the refrigerant dis-
charged from the second compressor (21b). The high
pressure sensor (34) is a pressure sensing part for sens-
ing the pressure of the refrigerant discharged from the
second compressor (21b), i.e., the high pressure of the
refrigeration cycle in the refrigerant circuit (220). The suc-
tion temperature sensor (35) is a temperature sensing
part for sensing the temperature of the refrigerant sucked
into the first compressor (21a). The intermediate pres-
sure saturation temperature sensor (36) is arranged in
the refrigerant outlet pipe (25e) connecting the bridge
circuit (50) and the gas-liquid separator (25), and func-
tions as a temperature sensing part for sensing the tem-
perature of the intermediate pressure refrigerant, i.e., the
intermediate pressure saturation temperature of the re-
frigeration cycle. The gas cooler outlet temperature sen-
sor (37) for the heating operation is a temperature sens-
ing part for sensing the temperature of the refrigerant at
an outlet of the indoor heat exchanger (27) when the
refrigerant circulates in the refrigerant circuit (220) in a
heating cycle.
[0091] The controller (240) is configured to receive out-
put signals from the indoor temperature sensor (31), the
low pressure sensor (32), the high pressure sensor (34),
the suction temperature sensor (35), the intermediate
pressure saturation temperature sensor (36), and the gas
cooler outlet temperature sensor (37) for the heating op-
eration, and to control the operation frequencies of the
first and second compressors (21a, 21b), and the de-
grees of opening of the outdoor and indoor expansion
valves (24, 26).
[0092] The controller (240) includes, as shown in FIGS.
5 and 6, a target low pressure calculator (41) for calcu-
lating a target low pressure Pls which is a target value of
the low pressure of the refrigeration cycle, a target high
pressure calculator (42) for calculating a target high pres-
sure Phs which is a target value of the high pressure of

the refrigeration cycle, a target superheat degree calcu-
lator (44) for calculating the target degree of superheat
SHs of the refrigerant which is a target value of the degree
of superheat of the refrigerant, an actual superheat de-
gree calculator (45) for calculating the actual degree of
superheat SH of the refrigerant, a target intermediate
pressure saturation temperature calculator (46) for cal-
culating a target intermediate pressure saturation tem-
perature T3s which is a target value of the intermediate
pressure saturation temperature of the refrigerant, a tar-
get gas cooler outlet temperature calculator (47) for cal-
culating a target gas cooler outlet temperature T4s which
is a target value of the temperature of the refrigerant at
an outlet of the gas cooler in the heating operation, and
a control signal generator (249) for generating control
signals transmitted to the first and second compressors
(21a, 21b), and the outdoor and indoor expansion valves
(24, 26). The controller (240) performs the control in dif-
ferent ways for the cooling operation and the heating op-
eration. Therefore, a control block for the cooling opera-
tion is shown in FIG. 5, and a control block for the heating
operation is shown in FIG. 6.
[0093] In the cooling operation, the target superheat
degree calculator (44) calculates the target degree of su-
perheat SHs of one of the outdoor heat exchanger (23)
and the indoor heat exchanger (27) functioning as an
evaporator based on a temperature deviation et between
a set temperature Ts and an indoor temperature Ta from
the indoor temperature sensor (31). In the heating oper-
ation, the target superheat degree calculator (44) calcu-
lates the target degree of superheat SHs based on the
temperature deviation et and an outdoor temperature T0
from the outdoor temperature sensor (30).
[0094] The actual superheat degree calculator (45)
calculates the actual degree of superheat SH of the re-
frigerant at an outlet of a heat exchanger functioning as
an evaporator of the outdoor heat exchanger (23) and
the indoor heat exchanger (27) based on an actual low
pressure PI from the low pressure sensor (32) and an
actual suction temperature T2 from the suction temper-
ature sensor (35).
[0095] The target intermediate pressure saturation
temperature calculator (46) calculates the target inter-
mediate pressure saturation temperature T3s based on
at least one of the outdoor temperature T0 from the out-
door temperature sensor (30), the indoor temperature Ta
from the indoor temperature sensor (31), an actual high
pressure Ph from the high pressure sensor (34), the ac-
tual low pressure Pl from the low pressure sensor (32),
the target high pressure Phs calculated by the target high
pressure calculator (42), and the target low pressure Pls
calculated by the target low pressure calculator (41).
[0096] The target gas cooler outlet temperature calcu-
lator (47) calculates the target gas cooler outlet temper-
ature T4s, which is a target value of the temperature of
the refrigerant at the outlet of the indoor heat exchanger
(27) when the indoor heat exchanger (27) functions as a
radiator, based on the temperature deviation et.
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[0097] The target superheat degree calculator (44), the
actual superheat degree calculator (45), and the target
intermediate pressure saturation temperature calculator
(46) have maps and functions, respectively. Each of them
is configured to deliver an output value (a target value)
corresponding to the input.
[0098] Signals input to the control signal generator
(249) in the cooling operation are different from those
input to the control signal generator (249) in the heating
operation. The control signal generator (249) has a plu-
rality of PID control sections (p1a, p2a, ..., p1b, p2b, ...)
each having a control parameter corresponding to the
input signal.
[0099] In the cooling operation, the control signal gen-
erator (49) receives a low pressure deviation e1 between
the target low pressure Pls calculated by the target low
pressure calculator (41) and the actual low pressure PI
from the low pressure sensor (32), a high pressure de-
viation e2 between the target high pressure Phs calcu-
lated by the target high pressure calculator (42) and the
actual high pressure Ph from the high pressure sensor
(34), a superheat degree deviation e4 between the target
degree of superheat SHs calculated by the target super-
heat degree calculator (44) and the actual degree of su-
perheat SH calculated by the actual superheat degree
calculator (45), and an intermediate pressure saturation
temperature deviation e5 between the target intermedi-
ate pressure saturation temperature T3s calculated by
the target intermediate pressure saturation temperature
calculator (46) and the output signal from the intermedi-
ate pressure saturation temperature sensor (36) (i.e., an
actual intermediate pressure saturation temperature T3).
[0100] In the cooling operation, sixteen PID control
sections (p1c, p2c, ...) of the control signal generator
(249) are operated. Specifically, the high pressure devi-
ation e2 input to the control signal generator (249) is input
to the first to fourth PID control sections (p1c-p4c), the
intermediate pressure saturation temperature deviation
e5 is input to the fifth to eighth PID control sections (p5c-
p8c), the low pressure deviation e1 is input to the ninth
to twelfth PID control sections (p9c-p12c), and the su-
perheat degree deviation e4 is input to the thirteenth to
sixteenth PID control sections (p13c-p16c).
[0101] Each of the first to sixteenth PID control sections
(p1c, p2c, ...) delivers an output generated by multiplying
the input deviation by a predetermined control parameter.
As a result, the control signal generator (249) generates
a first compressor frequency control signal Δfc1 by add-
ing the output signals from the first, fifth, ninth, and thir-
teenth PID control sections (p1c, p5c, p9c, p13c), gen-
erates a second compressor frequency control signal
Δfc2 by adding the output signals from the second, sixth,
tenth, and fourteenth PID control sections (p2c, p6c,
p10c, p14c), generates an outdoor expansion valve con-
trol signal Δev1 by adding the output signals from the
third, seventh, eleventh, and fifteenth PID control sec-
tions (p3c, p7c, p11c, p15c), and generates an indoor
expansion valve control signal Δev2 by adding the output

signals from the fourth, eighth, twelfth, and sixteenth PID
control sections (p4c, p8c, p12c, p16c).
[0102] The first compressor frequency control signal
Δfc1, the second compressor frequency control signal
Δfc2, the outdoor expansion valve control signal Δev1,
and the indoor expansion valve control signal Δev2 gen-
erated in this manner are output to the air conditioner
(210).
[0103] In the air conditioner (210), the capacity of the
first compressor (21a) varies to a value corresponding
to the first compressor frequency control signal Δfc1, and
the capacity of the second compressor (21b) varies to a
value corresponding to the second compressor frequen-
cy control signal Δfc2.
[0104] The degree of opening of the outdoor expansion
valve (24) is adjusted according to the outdoor expansion
valve control signal Δev1, and the degree of opening of
the indoor expansion valve (26) is also adjusted accord-
ing to the indoor expansion valve control signal Δev2.
[0105] The low pressure PI, the high pressure Ph, the
suction temperature T2, and the intermediate pressure
saturation temperature T3 in the air conditioner (210) op-
erated in this operation state are fed back to the controller
(240) through the low pressure sensor (32), the high pres-
sure sensor (34), the suction temperature sensor (35),
and the intermediate pressure saturation temperature
sensor (36). Thus, the controller (240) performs feed
back control to set the low pressure Pl, the high pressure
Ph, the degree of superheat SH, and the intermediate
pressure saturation temperature T3 to target values cor-
responding to the operation state, respectively.
[0106] As described above, each of the first and sec-
ond compressor frequency control signals Δfc1 and Δfc2,
and the outdoor and indoor expansion valve control sig-
nals Δev1 and Δev2 are generated by associating the
low pressure deviation e1, the high pressure deviation
e2, the superheat degree deviation e4, and the interme-
diate pressure saturation temperature deviation e5 with
each other. Specifically, the objects of control each cor-
responding to the physical values are not controlled in-
dependently, but the first and second compressors (21a,
21b), and the outdoor and indoor expansion valves (24,
26) are controlled concurrently, thereby concurrently, or
simultaneously controlling the low pressure, the high
pressure, the degree of superheat, and the intermediate
pressure saturation temperature. That is, each of the low
pressure, the high pressure, the degree of superheat,
and the intermediate pressure saturation temperature is
not controlled only by one of the first and second com-
pressors (21a, 21b), and the outdoor and indoor expan-
sion valves (24, 26), but is controlled by all the first and
second compressors (21a, 21b), and the outdoor and
indoor expansion valves (24, 26). More specifically, each
of the objects of control, i.e., the first and second com-
pressors (21a, 21b), and the outdoor and indoor expan-
sion valves (24, 26), is controlled not only based on the
changes of the low pressure, the high pressure, the de-
gree of superheat, and the intermediate pressure satu-
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ration temperature resulting solely from the control of the
each of the objects of control, but is controlled based on
the changes of the low pressure, the high pressure, the
degree of superheat, and the intermediate pressure sat-
uration temperature resulting from the control of the other
objects of control (in other words, the control parameters
of the first to sixteenth PID control sections (p1c, p2c, ...)
are determined so as to take these changes into ac-
count).
[0107] In the heating operation, the control signal gen-
erator (249) receives the high pressure deviation e2 be-
tween the target high pressure Phs calculated by the tar-
get high pressure calculator (42) and the actual high pres-
sure Ph from the high pressure sensor (34), the super-
heat degree deviation e4 between the target degree of
superheat SHs calculated by the target superheat degree
calculator (44) and the actual degree of superheat SH
calculated by the actual superheat degree calculator
(45), the intermediate pressure saturation temperature
deviation e5 between the target intermediate pressure
saturation temperature T3s calculated by the target in-
termediate pressure saturation temperature calculator
(46) and the actual intermediate pressure saturation tem-
perature T3 from the intermediate pressure saturation
temperature sensor (36), and the gas cooler outlet tem-
perature deviation e6 between the target gas cooler out-
let temperature T4s calculated by the target gas cooler
outlet temperature calculator (47) and the output signal
from the gas cooler output temperature sensor (37) for
the heating operation (i.e., an actual gas cooler outlet
temperature T4).
[0108] In the heating operation, sixteen PID control
sections (p1d, p2d, ...) of the control signal generator
(249) different from those operated in the cooling oper-
ation are operated. Specifically, the high pressure devi-
ation e2 input to the control signal generator (249) is input
to the first to the fourth PID control sections (p1d-p4d),
the intermediate pressure saturation temperature devia-
tion e5 is input to the fifth to the eighth PID control sections
(p5d-p8d), the gas cooler outlet temperature deviation
e6 is input to the ninth to twelfth PID control sections
(p9d-p12d), and the superheat degree deviation e4 is
input to the thirteenth to sixteenth PID control sections
(p13d-p16d).
[0109] Each of the first to sixteenth PID control sections
(p1d, p2d, ...) delivers an output by multiplying the input
deviation by a predetermined control parameter. As a
result, the control signal generator (249) generates a first
compressor frequency control signal Δfc1 by adding the
output signals from the first, fifth, ninth, and thirteenth
PID control sections (p1d, p5d, p9d, p13d), generates a
second compressor frequency control signal Δfc2 by add-
ing the output signals from the second, sixth, tenth, and
fourteenth PID control sections (p2d, p6d, plOd, p14d),
generates an outdoor expansion valve control signal
Δev1 by adding the output signals from the third, seventh,
eleventh, and fifteenth PID control sections (p3d, p7d,
p11d, pl5d), and generates an indoor expansion valve

control signal Δev2 by adding the fourth, eighth, twelfth,
and sixteenth PID control sections (p4d, p8d, p12d,
p16d).
[0110] The first compressor frequency control signal
Δfc1, the second compressor frequency control signal
Δfc2, the outdoor expansion valve control signal Δev1,
and the indoor expansion valve control signal Δev2 gen-
erated in this manner are output to the air conditioner
(210).
[0111] In the air conditioner (210), the capacity of the
first compressor (21a) varies according to the first com-
pressor frequency control signal Δfc1, the capacity of the
second compressor (21b) varies according to the second
compressor frequency control signal Δfc2. The degree
of opening of the outdoor expansion valve (24) is adjusted
according to the outdoor expansion valve control signal
Δev1, and the degree of opening of the indoor expansion
valve (26) is adjusted according to the expansion valve
control signal Δev2.
[0112] The high pressure Ph, the suction temperature
T2, the intermediate pressure saturation temperature T3,
and the gas cooler outlet temperature T4 in the air con-
ditioner (210) operated in this operation state are fed back
to the controller (240) through the high pressure sensor
(34), the suction temperature sensor (35), the interme-
diate pressure saturation temperature sensor (36), and
the gas cooler outlet temperature sensor (37) for the heat-
ing operation. Thus, the controller (240) performs feed
back control to set the high pressure Ph, the degree of
superheat SH, the intermediate pressure saturation tem-
perature T3, and the gas cooler outlet temperature T4 to
target values corresponding to the operation state, re-
spectively. The first and second compressor frequency
control signals Δfc1 and Δfc2, and the outdoor and indoor
expansion valve control signals Δev1 and Δev2 are gen-
erated by associating the high pressure deviation e2, the
superheat degree deviation e4, the intermediate pres-
sure saturation temperature deviation e5, and the gas
cooler outlet temperature deviation e6 with each other.
Specifically, the objects of control each corresponding to
the physical values are not controlled independently, but
the first and second compressors (21a, 21b), and the
outdoor and indoor expansion valves (24, 26) are con-
currently controlled, thereby concurrently, or simultane-
ously controlling the high pressure, the degree of super-
heat, the intermediate pressure saturation temperature,
and the gas cooler outlet temperature. That is, each of
the high pressure, the degree of superheat, the interme-
diate pressure saturation temperature, and the gas cool-
er outlet temperature is not controlled only by one of the
first and second compressors (21a, 21b), and the outdoor
and indoor expansion valves (24, 26), but is controlled
by all the first and second compressors (21a, 21b), and
the outdoor and indoor expansion valves (24, 26). More
specifically, each of the objects of control, i.e., the first
and second compressors (21a, 21b), and the outdoor
and indoor expansion valves (24, 26), is controlled not
only based on the changes of the high pressure, the de-
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gree of superheat, the intermediate pressure saturation
temperature, and the gas cooler outlet temperature re-
sulting from the control of the each of the objects of con-
trol, but is controlled based on the changes of the high
pressure, the degree of superheat, the intermediate pres-
sure saturation temperature, and the gas cooler outlet
temperature resulting from the control of the other objects
of control (in other words, the control parameters of the
first to sixteenth PID control sections (p1c, p2c, ...) are
determined so as to take these changes into account).
[0113] Thus, according to the second embodiment, the
plurality of objects of control (e.g., the first compressor
(21a), the outdoor expansion valve (24), etc.) are simul-
taneously controlled in such a manner that the high pres-
sure of the refrigeration cycle, and the predetermined
physical value of the air conditioner (210) are adjusted
to the predetermined target values corresponding to the
operation state. At the same time, each of the objects of
control is controlled in consideration of the changes of
the physical value and the high pressure of the refriger-
ation cycle resulting from the control of the plurality of
objects of control. According to these schemes, the ca-
pability of the air conditioner (210) (e.g., the low pressure,
the degree of superheat, etc., in the cooling operation)
can be controlled with the high pressure stably kept to
the target value corresponding to the operation state.
This can avoid an event in which the control of a target
physical value cannot be easily settled, i.e., an event in
which adjustment of a first physical value changes a sec-
ond physical value, and correction of the change of the
second physical value by adjusting the second physical
value changes a third physical value or the first physical
value already adjusted, thereby involving another adjust-
ment. This allows for an improved convergence rate of
the control of the capability and the high pressure of the
air conditioner (210).
[0114] According to the present embodiment, four
physical values, i.e., the low pressure, the high pressure
the degree of superheat, and the intermediate pressure
saturation temperature, are controlled by four objects of
control, i.e., the first and second compressors (21a, 21b),
and the outdoor and indoor expansion valves (24, 26),
in the cooling operation. In the heating operation, four
physical values, i.e., the high pressure, the degree of
superheat, the intermediate pressure saturation temper-
ature, and the gas cooler outlet temperature, are control-
led by four objects of control, i.e., the first and second
compressors (21a, 21b), and the outdoor and indoor ex-
pansion valves (24, 26). However, some of the objects
of control easily have an effect on the physical values,
but some do not. That is, even when one of the objects
of control is changed, some physical values are less sus-
ceptible to the change. In the present embodiment, all
the physical values to be controlled are input, and they
are associated with each other to generate control sig-
nals each corresponding to the objects of control. In gen-
erating a control signal for one of the objects of control
to which a certain physical value is less susceptible, the

degree of association of the certain physical value may
be reduced or eliminated (specifically, among the PID
control sections (p1c, ..., p1d, ...) for generating the con-
trol signal for the object of control to which a certain phys-
ical value is less susceptible, a control parameter of one
of the PID control sections corresponding to the certain
physical value may be reduced or reduced to zero.)

[Third Embodiment]

[0115] A third embodiment of the present invention will
be described below.
[0116] An air conditioner (310) of the third embodiment
is different from the air conditioner (10) of the first em-
bodiment in that a plurality of indoor heat exchangers
(27a, 27b) are provided in a refrigerant circuit (320).
[0117] Specifically, the air conditioner (310) includes
a refrigerant circuit (320), and a controller (340) as shown
in FIG. 7.
[0118] The refrigerant circuit (320) connects a com-
pressor (21), a four way switching valve (22), an outdoor
heat exchanger (23), an outdoor expansion valve (24),
a receiver (25), a first and second indoor expansion
valves (26a, 26b), and first and second indoor heat ex-
changers (27a, 27b). In this refrigerant circuit (320), a
plurality of (two in the present embodiment) indoor heat
exchangers (27a, 27b) are connected in parallel, and an
indoor expansion valve (26a (26b)) is connected to each
of the indoor heat exchangers (27a (27b)).
[0119] Specifically, in the refrigerant circuit (320), a dis-
charge side of the compressor (21) is connected to a first
port of the four way switching valve (22), and a suction
side of the compressor (21) is connected to a second
port of the four way switching valve (22). In the refrigerant
circuit (320), the outdoor heat exchanger (23), the out-
door expansion valve (24), the receiver (25), the two in-
door expansion valves (26a, 26b), and the two indoor
heat exchangers (27a, 27b) are sequentially arranged in
a path from a third port to a fourth port of the four way
switching valve (22).
[0120] Each of the outdoor expansion valve (24), and
the first and second indoor heat expansion valves (26a,
26b) is comprised of an electronic expansion valve
whose degree of opening is variable, and whose valve
element (not shown) is driven by a pulse motor (not
shown). The outdoor expansion valve (24) constitutes a
heat source side expansion mechanism, and the first and
second indoor expansion valves (26a, 26b) constitute a
utilization side expansion mechanism.
[0121] The first and second indoor heat exchangers
(27a, 27b) are provided with first and second indoor fans
(29a, 29b), respectively.
[0122] Like the air conditioner of the first embodiment,
the air conditioner (310) is able to switchably perform
cooling operation and heating operation by switching the
four way switching valve (22).
[0123] In the cooling operation, the four way switching
valve (22) is set to the first state. When the compressor
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(21) is operated in this state, the outdoor heat exchanger
(23) functions as a radiator, and the first and second in-
door heat exchangers (27a, 27b) function as evaporators
to perform the refrigeration cycle. Specifically, the refrig-
erant in the supercritical state discharged from the com-
pressor (21) flows into the outdoor heat exchanger (23),
and dissipates heat to the outdoor air. After the heat dis-
sipation, the refrigerant expands (decreases in pressure)
as it passes through the outdoor expansion valve (24).
The expanded refrigerant passes through the receiver
(25), and is branched, and the branched flows of the re-
frigerant pass through the first and second indoor expan-
sion valves (26a, 26b). At this time, the refrigerant further
expands (decreases in pressure), and flows into the first
and second indoor heat exchangers (27a, 27b). That is,
the refrigerant flowing between the outdoor expansion
valve (24) and the indoor expansion valves (26a, 26b),
and in the receiver (25) is at an intermediate pressure.
In the first and second indoor heat exchangers (27a, 27b),
the refrigerant absorbs heat from the indoor air to evap-
orate, and the cooled air is fed to the inside of the room.
The evaporated refrigerant is sucked into and com-
pressed in the compressor (21).
[0124] In the heating operation, the four way switching
valve (22) is set to the second state. When the compres-
sor (21) is operated in this state, the first and second
indoor heat exchangers (27a, 27b) function as radiators,
and the outdoor heat exchanger (23) functions as an
evaporator to perform the refrigeration cycle. Specifical-
ly, the refrigerant discharged from the compressor (21)
in the supercritical state is branched, and the branched
flows of the refrigerant enter the first and second indoor
heat exchangers (27a, 27b), respectively, and dissipate
heat to the indoor air. The heated indoor air is fed to the
inside of the room. After the heat dissipation, the refrig-
erant expands (decreases in pressure) as it passes
through the second indoor expansion valves (26a, 26b).
The expanded refrigerant passes through the receiver
(25), and then further expands (decreases in pressure)
as it passes through the outdoor expansion valve (24).
That is, the refrigerant flowing between the first and sec-
ond indoor expansion valves (26a, 26b) and the outdoor
expansion valve (24), and in the receiver (25) is at the
intermediate pressure. The refrigerant expanded by the
outdoor expansion valve (24) flows into the outdoor heat
exchanger (23), and absorbs heat from the outdoor air
to evaporate. The evaporated refrigerant is sucked into
and compressed in the compressor (21).
[0125] The air conditioner (310) configured in this man-
ner includes, in the refrigerant circuit (320), first and sec-
ond indoor temperature sensors (31a, 31b), a low pres-
sure sensor (32), a high pressure sensor (34), a suction
temperature sensor (35), first and second gas cooler out-
let temperature sensors (37a, 37b) for the heating oper-
ation, first and second evaporator outlet temperature
sensors (38a, 38b), and a gas cooler outlet temperature
sensor (39) for the cooling operation.
[0126] The first and second indoor temperature sen-

sors (31a, 31b) are sensing parts for sensing the tem-
peratures of the flows of the indoor air entering the first
and second indoor heat exchangers (27a, 27b), and are
provided for the first and second indoor heat exchangers
(27a, 27b), respectively. The first and second gas cooler
outlet temperature sensors (37a, 37b) for the heating op-
eration are temperature sensing parts for sensing the
temperatures of the refrigerant at the outlets of the first
and second indoor heat exchangers (27a, 27b), respec-
tively, when the refrigerant circulates in the refrigerant
circuit (320) in the heating cycle. The first and second
gas cooler outlet temperature sensors (37a, 37b) for the
heating operation are provided for the first and second
indoor heat exchangers (27a, 27b), respectively. The first
and second evaporator outlet temperature sensors (38a,
38b) are temperature sensing parts for sensing the tem-
peratures of the refrigerant at the outlets of the first and
second indoor heat exchangers (27a, 27b), respectively,
when the refrigerant circulates in the refrigerant circuit
(320) in the cooling cycle, and are provided for the first
and second indoor heat exchangers (27a, 27b), respec-
tively.
[0127] The controller (340) is configured to receive out-
put signals from the first and second indoor temperature
sensors (31a, 31b), the low pressure sensor (32), the
high pressure sensor (34), the suction temperature sen-
sor (35), the first and second gas cooler outlet tempera-
ture sensors (37a, 37b) for the heating operation, and
the first and second evaporator outlet temperature sen-
sors (38a, 38b), and to control the operation frequency
of the compressor (21), and the degrees of opening of
the outdoor, first, and second indoor expansion valves
(24, 26a, 26b).
[0128] The controller (340) includes, as shown in FIGS.
8 and 9, a target low pressure calculator (41) for calcu-
lating a target low pressure Pls which is a target value of
the low pressure of the refrigeration cycle, a target high
pressure calculator (42) for calculating a target high pres-
sure Phs which is a target value of the high pressure of
the refrigeration cycle, an actual superheat degree cal-
culator (45) for calculating the actual degree of superheat
SH which is the actual degree of superheat of the refrig-
erant, a target first superheat degree calculator (44a) for
calculating a target first degree of superheat SHas which
is a target value of the degree of superheat of the refrig-
erant at the outlet of the first indoor heat exchanger (27a)
in the cooling operation, a target second superheat de-
gree calculator (44b) for calculating a target second de-
gree of superheat SHbs which is a target value of the
degree of superheat of the refrigerant at the outlet of the
second indoor heat exchanger (27b) in the cooling oper-
ation, a target first gas cooler outlet temperature calcu-
lator (47a) for calculating a target first gas cooler outlet
temperature T4as which is a target value of the temper-
ature of the refrigerant at the outlet of the first indoor heat
exchanger (27a) in the heating operation, a target second
gas cooler outlet temperature (47b) for calculating a tar-
get second gas cooler outlet temperature T4bs which is
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a target value of the temperature of the refrigerant at the
outlet of the second indoor heat exchanger (27b) in the
heating operation, a target superheat degree calculator
(44) for calculating the target degree of superheat SHs
which is a target value of the degree of superheat of the
refrigerant at the outlet of the outdoor heat exchanger
(23) in the heating operation, and a control signal gen-
erator (349) for generating control signals transmitted to
the compressor (21), and the outdoor, first, and second
indoor expansion valves (24, 26a, 26b). The controller
(340) performs the control in different ways for the cooling
operation and the heating operation. Therefore, a control
block for the cooling operation is shown in FIG. 8, and a
control block for the heating operation is shown in FIG. 9.
[0129] The target low pressure calculator (41) calcu-
lates the target low pressure Pls of the air conditioner
(310) as a whole based on a temperature deviation eta
between a set temperature Tsa of the first indoor heat
exchanger (27a) and an indoor temperature Taa from
the first indoor temperature sensor (31a), and a temper-
ature deviation etb between a set temperature Tsb of the
second indoor heat exchanger (27b) and an indoor tem-
perature Tab from the second indoor temperature sensor
(31b).
[0130] In the cooling operation, the target high pres-
sure calculator (42) calculates the target high pressure
Phs of the air conditioner (310) based on an outdoor tem-
perature T0 from the outdoor temperature sensor (30),
and a gas cooler outlet temperature T4 from the gas cool-
er outlet temperature sensor (39) for the cooling opera-
tion. In the heating operation, the target high pressure
calculator (42) calculates the target high pressure Phs
of the air conditioner (310) based on at least one of the
temperature deviation eta of the first indoor heat ex-
changer (27a), the temperature deviation etb of the sec-
ond indoor heat exchanger (27b), the target first gas cool-
er outlet temperature T4as calculated by the target first
gas cooler outlet temperature calculator (47a), the target
second gas cooler outlet temperature T4bs calculated
by the target second gas cooler outlet temperature cal-
culator (47b), and the first and second gas cooler outlet
temperatures T4a, T4b from the first and second gas
cooler outlet temperature sensors (37a, 37b) for the heat-
ing operation.
[0131] The target first superheat degree calculator
(44a) calculates the target first degree of superheat SHas
based on the temperature deviation eta of the first indoor
heat exchanger (27a).
[0132] The target second superheat degree calculator
(44b) calculates the target second degree of superheat
SHbs based on the temperature deviation etb of the sec-
ond indoor heat exchanger (27b).
[0133] In the cooling operation, the actual superheat
degree calculator (45) calculates an actual first or actual
second degree of superheat SHa or SHb, which is the
actual degree of superheat of the refrigerant at the outlet
of the first or second indoor heat exchanger (27a, 27b),
based on the actual low pressure PI from the low pressure

sensor (32), and the first or second evaporator outlet tem-
perature T5a or Tbb from the first or second evaporator
outlet temperature sensor (38a, 38b). In the heating op-
eration, the actual superheat degree calculator (45) cal-
culates the actual degree of superheat SH, which is the
actual degree of superheat of the refrigerant at the outlet
of the outdoor heat exchanger (23), based on the actual
low pressure PI from the low pressure sensor (32), and
the actual suction temperature T2 from the suction tem-
perature sensor (35).
[0134] The target first gas cooler outlet temperature
calculator (47a) calculates the target first gas cooler out-
let temperature T4as based on the temperature deviation
eta of the first indoor heat exchanger (27a).
[0135] The target second gas cooler outlet tempera-
ture calculator (47b) calculates the target second gas
cooler outlet temperature T4bs based on the temperature
deviation etb of the second indoor heat exchanger (27b).
[0136] The target low pressure calculator (41), the tar-
get high pressure calculator (42), the target first super-
heat degree calculator (44a), the target second super-
heat degree calculator (44b), the target superheat degree
calculator (44), the target first gas cooler outlet temper-
ature calculator (47a), and the target second gas cooler
outlet temperature calculator (47b) have maps and func-
tions, respectively. Each of them is configured to output
an output value corresponding to the input.
[0137] Signals input to the control signal generator
(349) in the cooling operation are different from those
input to the control signal generator (349) in the heating
operation. The control signal generator (349) has PID
control sections (p1e, p2e, ..., p1f, p2f, ...) each having
a control parameter corresponding to the input signal.
[0138] In the cooling operation, the control signal gen-
erator (349) receives a low pressure deviation e1 be-
tween the target low pressure Pls calculated by the target
low pressure calculator (41) and the actual low pressure
PI from the low pressure sensor (32), a high pressure
deviation e2 between the target high pressure Phs cal-
culated by the target high pressure calculator (42) and
the actual high pressure Ph from the high pressure sen-
sor (34), a first superheat degree deviation e4a between
the target degree of superheat SHas calculated by the
target first superheat degree calculator (44a) and the ac-
tual first degree of superheat SHa of the first indoor heat
exchanger (27a) calculated by the actual superheat de-
gree calculator (45), and the second superheat degree
deviation e4b between the target degree of superheat
SHbs calculated by the target second superheat degree
calculator (44b) and the actual second degree of super-
heat SHb of the second indoor heat exchanger (27b) cal-
culated by the actual superheat degree calculator (45).
[0139] In the cooling operation, sixteen PID control
sections (p1e, p2e, ...) of the control signal generator
(349) are operated. Specifically, the low pressure devi-
ation e1 input to the control signal generator (349) is input
to the first to fourth PID control sections (p1e-p4e), the
high pressure deviation e2 is input to the fifth to eighth
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PID control sections (p5e-p8e), the first superheat de-
gree deviation e4a is input to the ninth to twelfth PID
control sections (p9e-p12e), and the second superheat
degree deviation e4b is input to the thirteenth to sixteenth
PID control sections (p13e-p16e).
[0140] Each of the first to sixteenth PID control sections
(p1e, p2e, ...) delivers an output generated by multiplying
the input deviation by a predetermined control parameter.
Specifically, the control signal generator (349) generates
a compressor frequency control signal Δfc by adding out-
put signals from the first, fifth, ninth, and thirteenth PID
control sections (p1e, p5e, p9e, p13e), generates an out-
door expansion valve control signal Δev1 by adding out-
put signals from the second, sixth, tenth, and fourteenth
PID control sections (p2e, p6e, p10e, p14e), generates
a first indoor expansion valve control signal Δev2a by
adding output signals from the third, seventh, eleventh,
and fifteenth PID control sections (p3e, p7e, pile, p15e),
and generates a second indoor expansion valve control
signal Δev2b by adding output signals from the fourth,
eighth, twelfth, and sixteenth PID control sections (p4e,
p8e, p12e, p16e).
[0141] The compressor frequency control signal Δfc,
the outdoor expansion valve control signal Δev1, the first
indoor expansion valve control signal Δev2a, and the sec-
ond indoor expansion valve control signal Δev2b are out-
put to the air conditioner (310).
[0142] In the air conditioner (310), the capacity of the
compressor (21) varies to a value corresponding to the
compressor frequency control signal Δfc.
[0143] The degree of opening of the outdoor expansion
valve (24) is adjusted according to the outdoor expansion
valve control signal Δev1, and the degree of opening of
the first indoor expansion valve (26a) is adjusted accord-
ing to the first indoor expansion valve control signal
Δev2a, and the degree of opening of the second indoor
expansion valve (26b) is adjusted according to the sec-
ond indoor expansion valve control signal Δev2b.
[0144] The low pressure PI, the high pressure Ph, the
first evaporator outlet temperature T5a of the first indoor
heat exchanger (27a), and the second evaporator outlet
temperature T5b of the second indoor heat exchanger
(27b) of the air conditioner (310) operated in this opera-
tion state are fed back to the controller (340) through the
low pressure sensor (32), the high pressure sensor (34),
and the first and second evaporator outlet temperature
sensors (38a, 38b). Thus, the controller (340) performs
feed back control to set the low pressure PI, the high
pressure Ph, and the first and second degrees of super-
heat SHa and SHb to target values corresponding to the
operation state, respectively.
[0145] As described above, each of the compressor
frequency control signal Δfc, and the outdoor, first indoor,
and second indoor expansion valve control signals Δev1,
Δev2a, and Δev2b is generated by associating the low
pressure deviation e1, the high pressure deviation e2,
the first superheat degree deviation e4a, and the second
superheat degree deviation e4b with each other. Specif-

ically, the objects of control each corresponding to the
physical values are not controlled independently, but the
compressor (21), the outdoor expansion valve (24), and
the first and second indoor expansion valves (26a, 26b)
are controlled concurrently, thereby concurrently, or si-
multaneously controlling the low pressure, the high pres-
sure, the first degree of superheat, and the second de-
gree of superheat. That is, each of the low pressure, the
high pressure, the first degree of superheat, and the sec-
ond degree of superheat is not controlled only by one of
the compressor (21), the outdoor expansion valve (24),
and the first and second indoor expansion valves (26a,
26b), but is controlled by all the compressor (21), the
outdoor expansion valve (24), and the first and second
indoor expansion valves (26a, 26b). More specifically,
each of the objects of control, i.e., the compressor (21),
the outdoor expansion valve (24), and the first and sec-
ond indoor expansion valves (26a, 26b), is not controlled
not only based on the changes of the low pressure, the
high pressure, the first degree of superheat, and the sec-
ond degree of superheat resulting from the control of the
each of the objects of control, but is controlled based on
the changes of the low pressure, the high pressure, the
first degree of superheat, and the second degree of su-
perheat resulting from the control of the other objects of
control (in other words, the control parameters of the first
to sixteenth PID control sections (p1e, p2e, ...) are de-
termined so as to take these changes into account).
[0146] In the heating operation, the control signal gen-
erator (349) receives a high pressure deviation e2 be-
tween the target high pressure Phs calculated by the tar-
get high pressure calculator (42) and the actual high pres-
sure Ph from the high pressure sensor (34), a superheat
degree deviation e4 between the target degree of super-
heat SHs calculated by the target superheat degree cal-
culator (44) and the actual degree of superheat SH cal-
culated by the actual superheat degree calculator (45),
a first gas cooler outlet temperature deviation e6a be-
tween the target first gas cooler outlet temperature T4as
calculated by the target first gas cooler outlet temperature
calculator (47a) and the actual first gas cooler outlet tem-
perature T4a from the first gas cooler outlet temperature
sensor (37a) for the heating operation, and a second gas
cooler outlet temperature deviation e6b between the tar-
get second gas cooler outlet temperature T4bs calculat-
ed by the target second gas cooler outlet temperature
calculator (47b) and the actual second gas cooler outlet
temperature T4b from the second gas cooler outlet tem-
perature sensor (37b) for the heating operation.
[0147] In the heating operation, sixteen PID control
sections (p1f, p2f, ...) of the control signal generator (349)
different from those operated in the cooling operation are
operated. Specifically, the high pressure deviation e2 in-
put to the control signal generator (349) is input to the
first to fourth PID control sections (plf-p4f), the first gas
cooler outlet temperature deviation e6a is input to the
fifth to the eighth PID control sections (p5f- p8f), the sec-
ond gas cooler outlet temperature deviation e6b is input
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to the ninth to the twelfth PID control sections (p9f-p12f),
and the superheat degree deviation e4 is input to the
thirteenth to sixteenth PID control sections (p13f∼p16f).
[0148] Each of the first to sixteenth PID control sections
(p1f, p2f, ...) delivers an output generated by multiplying
the input deviation by a predetermined control parameter.
Specifically, the control signal generator (349) generates
a compressor frequency control signal Δfc by adding out-
put signals from the first, fifth, ninth, and thirteenth PID
control sections (p1lf, p5f, p9f, p13f), generates an out-
door expansion valve control signal Δev1 by adding out-
put signals from the second, sixth, tenth, and fourteenth
PID control sections (p2f, p6f, p10f, p14f), generates a
first indoor expansion valve control signal Δev2a by add-
ing output signals from the third, seventh, eleventh, and
fifteenth PID control sections (p3f, p7f, p11f, pl5f), and
generates a second indoor expansion valve control sig-
nal Δev2b by adding output signals from the fourth,
eighth, twelfth, and sixteenth PID control sections (p4f,
p8f, p12f, p16f).
[0149] The compressor frequency control signal Δfc,
the outdoor expansion valve control signal Δev1, the first
indoor expansion valve control signal Δev2a, and the sec-
ond indoor expansion valve control signal Δev2b gener-
ated in this manner are output to the air conditioner (310).
[0150] In the air conditioner (310), the capacity of the
compressor (21) varies to a value corresponding to the
compressor frequency control signal Δfc.
[0151] The degree of opening of the outdoor expansion
valve (24) is adjusted according to the outdoor expansion
valve control signal Δev1, the degree of the first indoor
expansion valve (26a) is adjusted according to the first
indoor expansion valve control signal Δev2a, and the de-
gree of opening of the second indoor expansion valve
(26b) is adjusted according to the second indoor expan-
sion valve control signal Δev2b.
[0152] The low pressure PI, the high pressure Ph, the
first gas cooler outlet temperature T4a of the first indoor
heat exchanger (27a), and the second gas cooler outlet
temperature T4b of the second indoor heat exchanger
(27b) in the air conditioner (310) operated in this opera-
tion state are fed back to the controller (340) through the
low pressure sensor (32), the high pressure sensor (34),
and the first and second gas cooler outlet temperature
sensors (37a, 37b) for the heating operation. Thus, the
controller (340) performs feed back control to set the low
pressure PI, the high pressure Ph, and the first and sec-
ond degrees of superheat SHa and SHb to target values
corresponding to the operation state, respectively.
[0153] Each of the compressor frequency control sig-
nal Δfc, the outdoor expansion valve control signal Δev1,
and the first and second indoor expansion valve control
signals Δev2a and Δev2b is generated by associating the
high pressure deviation e2, the superheat degree devi-
ation e4, the first gas cooler outlet temperature deviation
e6a, and the second gas cooler outlet temperature devi-
ation e6b with each other. Specifically, the objects of con-
trol each corresponding to the physical values are not

controlled independently, but the compressor (21), the
outdoor expansion valve (24), and the first and second
indoor expansion valves (26a, 26b), are controlled con-
currently, thereby concurrently, or simultaneously con-
trolling the high pressure, the degree of superheat, the
first gas cooler outlet temperature, and the second gas
cooler outlet temperature. That is, each of the high pres-
sure, the degree of superheat, the first gas cooler outlet
temperature, and the second gas cooler outlet tempera-
ture is not controlled only by one of the compressor (21),
the outdoor expansion valve (24), and the first and sec-
ond indoor expansion valves (26a, 26b), but is controlled
by all the compressor (21), the outdoor expansion valve
(24), and the first and second indoor expansion valves
(26a, 26b). More specifically, the objects of control, i.e.,
the compressor (21), the outdoor expansion valve (24),
and the first and second indoor expansion valves (26a,
26b) is controlled not only based on the changes of the
high pressure, the degree of superheat, the first gas cool-
er outlet temperature, and the second gas cooler outlet
temperature resulting from the control of the each of the
objects of control, but is controlled based on the changes
of the high pressure, the degree of superheat, the first
and second gas cooler outlet temperatures resulting from
the control of the other objects of control (in other words,
the control parameters of the first to sixteenth PID control
sections (p1f, p2f, ...) are determined so as to take these
changes into account).
[0154] Thus, according to the third embodiment, the
plurality of objects of control (e.g., the compressor (21),
the outdoor expansion valve (24), etc.) are simultane-
ously controlled in such a manner that the high pressure
of the refrigeration cycle, and the predetermined physical
value of the air conditioner (310) are adjusted to the pre-
determined target values corresponding to the operation
state. At the same time, each of the objects of control is
controlled in consideration of the changes of the physical
value and the high pressure of the refrigeration cycle re-
sulting from the control of the plurality of objects of con-
trol. According to these schemes, the capability of the air
conditioner (310) (e.g., the low pressure, the degree of
superheat, etc. in the cooling operation) can be controlled
with the high pressure stably kept to the target value cor-
responding to the operation state. This can avoid an
event in which the control of a target physical value can-
not be easily settled, i.e., an event in which adjustment
of a first physical value changes a second physical value,
and correction of the change of the second physical value
by adjusting the second physical value changes a third
physical value or the first physical value already adjusted,
thereby involving another adjustment. This allows for im-
proved settling of the control of the capability and the
high pressure of the air conditioner (310).
[0155] In the present embodiment, four physical val-
ues, i.e., the low pressure, the high pressure, the first
degree of superheat, and the second degree of super-
heat, are controlled by the four objects of control, i.e., the
compressor (21), the outdoor expansion valve (24), and
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the first and second indoor expansion valves (26a, 26b),
in the cooling operation. In the heating operation, four
physical values, i.e., the high pressure, the first gas cooler
outlet temperature, the second gas cooler outlet temper-
ature, and the degree of superheat, are controlled by four
objects of control, i.e., the compressor (21), the outdoor
expansion valve (24), and the first and second indoor
expansion valves (26a, 26b). However, some of the ob-
jects of control easily have an effect on the physical val-
ues, but some do not. That is, even when one of the
objects of control is changed, some physical values are
less susceptible to the change. In the present embodi-
ment, all the physical values to be controlled are input,
and they are associated with each other to generate con-
trol signals each corresponding to the objects of control.
In generating a control signal for one of the objects of
control to which a certain physical value is less suscep-
tible, the degree of association of the certain physical
value may be reduced or eliminated (specifically, among
the PID control sections (p1e, ..., p1f, ...) for generating
the control signal for the object of control to which a cer-
tain physical value is less susceptible, a control param-
eter of one of the PID control sections corresponding to
the certain physical value may be reduced or reduced to
zero.)

[Other Embodiments]

[0156] The above-described embodiments may be
modified in the following manner.
[0157] Specifically, the present invention is not limited
to the refrigerant circuit described in the above embodi-
ments, but is applicable to any refrigerant circuits. For
example, as shown in FIG. 10, the disclosed technique
may be applied to a multi-type air conditioner (410) which
performs a two-stage compression refrigeration cycle,
and includes a plurality of indoor units. In this case, for
example, the high pressure, the low pressure, the first
evaporator outlet temperature, the second evaporator
outlet temperature, and the intermediate pressure satu-
ration temperature may be input, and these physical val-
ues may be associated to generate control signals for
controlling the first and second compressors (21a, 21b),
the first and second indoor expansion valves (26a, 26b),
and the outdoor expansion valve (24), respectively. As
a result, the control signals for the first and second com-
pressors (21a, 21b), the first and second indoor expan-
sion valves (26a, 26b), and the outdoor expansion valve
(24) are generated, i.e., the first and second compressors
(21a, 21b), the first and second indoor expansion valves
(26a, 26b), and the outdoor expansion valve (24) are
controlled, in such a manner that the high pressure, the
low pressure, the first evaporator outlet temperature, the
second evaporator outlet temperature, and the interme-
diate pressure saturation temperature are set to prede-
termined target values, respectively, when adjustment of
all the first and second compressors (21a, 21b), the first
and second indoor expansion valves (26a, 26b), and the

outdoor expansion valve (24) is done.
[0158] For example, as shown in FIG. 11, the disclosed
technique may be applied to a multi-type air conditioner
(510) which performs a two-stage compression refriger-
ation cycle, and includes an internal heat exchanger (51)
between the outdoor heat exchanger (23) and the out-
door expansion valve (24), and a plurality of indoor units.
[0159] Specifically, the air conditioner (510) includes
a bypass pipe (53) branched from a connection pipe (52)
connecting the outdoor heat exchanger (23) and the re-
ceiver (25), and is connected to a pipe connecting the
first compressor (21a) and the second compressor (21b).
A bypass expansion valve (54) is provided in the bypass
pipe (53). The refrigerant flowing in the bypass pipe (53)
decreases in pressure as it passes through the bypass
expansion valve (54), and becomes an intermediate
pressure refrigerant.
[0160] Further, an outdoor expansion valve (24) is pro-
vided in the connection pipe (52) to be positioned closer
to the receiver (25) than to the junction with the bypass
pipe (53).
[0161] The internal heat exchanger (51) is provided on
the connection pipe (52) between the junction with the
bypass pipe (53) and the outdoor expansion valve (24),
and on the bypass pipe (53) downstream of the bypass
expansion valve (54), thereby performing heat exchange
between the refrigerants flowing the pipes, respectively.
Specifically, in the cooling operation, the refrigerant flow-
ing in the bypass pipe (53) decreases in pressure as it
passes through the bypass expansion valve (54) to be-
come an intermediate pressure liquid or an intermediate
pressure gas-liquid two-phase refrigerant. Then, the re-
frigerant passes through the internal heat exchanger
(51), absorbs heat from the refrigerant flowing in the con-
nection pipe (52) to become a superheated gaseous re-
frigerant, and flows into the suction side of the second
compressor (21b). The refrigerant flowing in the connec-
tion pipe (52) exits from the outdoor heat exchanger (23),
flows into the internal heat exchanger (51), and dissi-
pates heat to the refrigerant flowing in the bypass pipe
(53) to become a supercooled refrigerant. Then, the re-
frigerant decreases in pressure in the outdoor expansion
valve (24) to become an intermediate pressure refriger-
ant, and flows into the receiver (25).
[0162] A receiver pressure saturation temperature
sensor (55) is arranged at the connection pipe (52) closer
to the receiver (25) than to the outdoor expansion valve
(24). An intermediate pressure saturation temperature
sensor (36) is arranged at the bypass pipe (53) down-
stream of the internal heat exchanger (51).
[0163] In the air conditioner (510) configured in this
manner, for example, the high pressure, the low pres-
sure, the first evaporator outlet temperature, the second
evaporator outlet temperature, the intermediate pressure
saturation temperature, and an internal pressure of the
receiver sensed by the receiver pressure saturation tem-
perature sensor (55) are input, and these physical values
are associated with each other to generate control sig-

37 38 



EP 2 175 212 B1

21

5

10

15

20

25

30

35

40

45

50

55

nals for controlling the first and second compressors
(21a, 21b), the first and second indoor expansion valves
(26a, 26b), the outdoor expansion valve (24), and the
bypass expansion valve (54), respectively. As a result,
the control signals for the first and second compressors
(21a, 21b), the first and second indoor expansion valves
(26a, 26b), the outdoor expansion valve (24), and the
bypass expansion valve (54), respectively, are generat-
ed, i.e., the first and second compressors (21a, 21b), the
first and second indoor expansion valves (26a, 26b), the
outdoor expansion valve (24), and the bypass expansion
valve (54) are controlled in such a manner that the high
pressure, the low pressure, the first evaporator outlet
temperature, the second evaporator outlet temperature,
the intermediate pressure saturation temperature, and
the internal pressure of the receiver are set to the pre-
determined target values, respectively, when adjustment
of all the first and second compressors (21a, 21b), the
first and second indoor expansion valves (26a, 26b), the
outdoor expansion valve (24), and the bypass expansion
valve (54) is done.
[0164] Further, in the second embodiment, two com-
pressors (21a, 21b), and two expansion valves (24, 26)
are provided to perform a two-stage compression refrig-
eration cycle. However, a single compressor may be pro-
vided, and gas injection may be performed during the
compression in the compressor. In this case, the number
of objects of control is three including the single com-
pressor and the two expansion valves (24, 26). There-
fore, the number of physical values to be controlled is
preferably three in total (including at least the high pres-
sure of the refrigeration cycle.)
[0165] In the above embodiments, a plurality of phys-
ical values is input, and outputs generated by multiplying
the input physical values by control parameters, respec-
tively, are added to generate a control signal for one ob-
ject of control. However, the disclosed technique is not
limited to this configuration. For example, a plurality of
physical values may be input, and they may be multiplied
by a matrix constituted of the control parameters, to cal-
culate a plurality of control signals as outputs based on
a dynamic model of the refrigeration cycle in each of the
refrigerant circuits. Even in this configuration, the input
physical values are associated with each other to gen-
erate the control signal for the objects of control. Thus,
concurrent control of the plurality of objects of control
allows for concurrent control of the plurality of physical
values, thereby allowing for an improved convergence
rate of the control of each of the physical values.
[0166] In the above embodiments, the expansion valve
is employed as the expansion mechanism. However, the
disclosed technique is not limited thereto, and an expan-
sion unit may be used.
[0167] In the first embodiment only, the outdoor fan
(28) is controlled as the object of control. However, in the
other embodiments, the outdoor fan (28) may be used in
combination to perform control of the high pressure and
the capability of the apparatus.

[0168] The above embodiments are merely preferred
embodiments in nature, and are not intended to limit the
scope, applications and use of the disclosed technique.

INDUSTRIAL APPLICABILITY

[0169] As described above, the present invention is
useful for a refrigeration apparatus including a refrigerant
circuit for performing a supercritical refrigeration cycle.

DESCRIPTION OF REFERENCE CHARACTERS

[0170]

20 Refrigerant circuit
21 Compressor (compression mechanism)
21a First compressor (compressor mechanism)
21b Second compressor (compressor mechanism)
23 Outdoor heat exchanger (heat source side heat
exchanger)
24 Outdoor expansion valve (expansion mecha-
nism, first expansion mechanism, heat source side
expansion mechanism)
26 Indoor expansion valve (expansion mechanism,
second expansion mechanism)
26a First indoor expansion valve (utilization side ex-
pansion mechanism)
26b Second indoor expansion valve (utilization side
expansion mechanism)
27 Indoor heat exchanger (utilization side heat ex-
changer)
27a First indoor heat exchanger (utilization side heat
exchanger)
27b Second indoor heat exchanger (utilization side
heat exchanger)
28 Outdoor fan (heat source side fan)
40, 240, 340 Controller (control section)

Claims

1. A refrigeration apparatus comprising:

a refrigerant circuit (20) sequentially connecting
a compression mechanism (21) comprising a
motor, wherein changing the AC fed to the motor
changes the capacity of the compression mech-
anism (21), a heat source side heat exchanger
(23), an expansion mechanism (24) comprising
an electronic expansion valve whose degree of
opening is variable, and a utilization side heat
exchanger (27), and performing a supercritical
refrigeration cycle in which a high pressure is a
supercritical pressure of a refrigerant or higher;
a low pressure sensor (32);
evaporator outlet temperature sensors (38a,
38b);
a high pressure sensor (34); and
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a control section (40) for controlling a plurality
of objects of control including at least the com-
pression mechanism (21) and the expansion
mechanism (24), wherein
the control section (40) is arranged to concur-
rently control the plurality of objects of control,
thereby concurrently controlling a predeter-
mined physical value as an index of a capability
of the refrigeration apparatus, and the high pres-
sure of the refrigeration cycle.

2. The refrigeration apparatus of claim 1, wherein
the control section (40) receives the predetermined
physical value, and the high pressure of the refrig-
eration cycle as inputs, generates control signals
each corresponding to the plurality of objects of con-
trol by associating the physical value and the high
pressure with each other, and outputs the control
signals to the corresponding objects of control, re-
spectively, thereby concurrently controlling the pre-
determined physical value, and the high pressure of
the refrigeration cycle.

3. The refrigeration apparatus of claim 1, further com-
prising:
a heat source side fan (28) for feeding air to the heat
source side heat exchanger (23) in which the refrig-
erant exchanges heat with the air, wherein in cooling
operation,

the predetermined physical value includes, an
evaporating temperature of the refrigerant in the
utilization side heat exchanger (27), and a de-
gree of superheat of the refrigerant at an outlet
of the utilization side heat exchanger (27),
the objects of control further include the heat
source side fan (28), and
the control section (40) receives the evaporating
temperature of the refrigerant, the degree of su-
perheat of the refrigerant, and the high pressure
of the refrigeration cycle as inputs, and concur-
rently controls the compression mechanism
(21), the expansion mechanism (24), and the
heat source side fan (28), thereby concurrently
controlling the evaporating temperature of the
refrigerant, the degree of superheat of the re-
frigerant, and the high pressure of the refriger-
ation cycle.

4. The refrigeration apparatus of claim 1, wherein
in heating operation,

the predetermined physical value includes a de-
gree of superheat of the refrigerant at an outlet
of the heat source side heat exchanger (23), and
the control section (40) receives the degree of
superheat of the refrigerant, and the high pres-
sure of the refrigeration cycle as inputs, and con-

currently controls the compression mechanism
(21) and the expansion mechanism (24), there-
by concurrently controlling the degree of super-
heat of the refrigerant, and the high pressure of
the refrigeration cycle.

5. The refrigeration apparatus of claim 1, wherein
the compression mechanism includes a first com-
pressor (21a) for sucking and compressing a low
pressure refrigerant, and a second compressor
(21b) for further compressing and discharging the
refrigerant discharged from the first compressor
(21a),
the expansion mechanism includes a first expansion
mechanism (24) for expanding a high pressure re-
frigerant, and a second expansion mechanism (26)
for further expanding the refrigerant expanded to an
intermediate pressure refrigerant in the first expan-
sion mechanism (24),
in cooling operation,

the predetermined physical value includes an
evaporating temperature of the refrigerant in the
utilization side heat exchanger (27), a degree of
superheat of the refrigerant at an outlet of the
utilization side heat exchanger (27), and an in-
termediate pressure of the refrigeration cycle,
and
the control section (240) receives the evaporat-
ing temperature of the refrigerant, the degree of
superheat of the refrigerant, the intermediate
pressure of the refrigeration cycle, and the high
pressure of the refrigeration cycle as inputs, and
concurrently controls the first and second com-
pressors (21a, 21b), and the first and second
expansion mechanisms (24, 26), thereby con-
currently controlling the evaporating tempera-
ture of the refrigerant, the degree of superheat
of the refrigerant, the intermediate pressure of
the refrigeration cycle, and the high pressure of
the refrigeration cycle.

6. The refrigeration apparatus of claim 1, further com-
prising gas cooler outlet temperature sensors (37,
39)
wherein
the compression mechanism includes a first com-
pressor (21a) for sucking and compressing a low
pressure refrigerant, and a second compressor
(21b) for further compressing and discharging the
refrigerant discharged from the first compressor (21
a),
the expansion mechanism includes a first expansion
mechanism (24) for expanding a high pressure re-
frigerant, and a second expansion mechanism (26)
for further expanding the refrigerant expanded to an
intermediate pressure refrigerant in the first expan-
sion mechanism (24),
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in heating operation,

the predetermined physical value includes, an
evaporating temperature of the refrigerant in the
heat source side heat exchanger (23), a degree
of superheat of the refrigerant at an outlet of the
heat source side heat exchanger (23), and a gas
cooler outlet temperature which is a temperature
of the refrigerant at an outlet of the utilization
side heat exchanger (27), and
the control section (240) receives the evaporat-
ing temperature of the refrigerant, the degree of
superheat of the refrigerant, the gas cooler outlet
temperature of the refrigerant, and the high pres-
sure of the refrigeration cycle as inputs, and con-
currently controls the first and second compres-
sors (21a, 21b), and the first and second expan-
sion mechanisms (24, 26), thereby concurrently
controlling the evaporating temperature of the
refrigerant, the degree of superheat of the re-
frigerant, the gas cooler outlet temperature of
the refrigerant, and the high pressure of the re-
frigeration cycle.

7. The refrigeration apparatus of claim 1, wherein
a plurality ones of the utilization side heat exchanger
(27a, 27b) are connected in parallel with each other,
the expansion mechanism includes a plurality of uti-
lization side expansion mechanisms (26a, 26b) each
corresponding to the utilization side heat exchangers
(27a, 27b), and a heat source side expansion mech-
anism (24) provided between the utilization side heat
exchangers (27a, 27b) and expansion mechanisms
(26a, 26b), and the heat source side heat exchanger
(23),
in cooling operation,

the predetermined physical value includes
evaporating temperatures of the refrigerant in
the utilization side heat exchangers (27a, 27b),
and degrees of superheat of the refrigerant at
the outlets of the utilization side heat exchangers
(27a, 27b), and
the control section (340) receives the evaporat-
ing temperatures of the refrigerant, the degrees
of superheat of the refrigerant in the utilization
side heat exchangers (27a, 27b), and the high
pressure of the refrigeration cycle as inputs, and
concurrently controls the compression mecha-
nism (21), the plurality of utilization side heat
expansion mechanisms (26a, 26b), and the heat
source side expansion mechanism (24), thereby
concurrently controlling the evaporating temper-
atures of the refrigerant, and the degrees of su-
perheat of the refrigerant in the utilization side
heat exchangers (27a, 27b), and the high pres-
sure of the refrigeration cycle.

8. The refrigeration apparatus of claim 1, further com-
prising gas cooler outlet temperature sensors (37,
39)
wherein
a plurality ones of the utilization side heat exchanger
(27a, 27b) are connected in parallel with each other,
the expansion mechanism includes a plurality of uti-
lization side expansion mechanisms (26a, 26b) each
corresponding to the utilization side heat exchangers
(27a, 27b), and a heat source side expansion mech-
anism (24) provided between the utilization side heat
exchangers (27a, 27b) and expansion mechanisms
(26a, 26b), and the heat source side heat exchanger
(23),
in heating operation,
the predetermined physical value includes a degree
of superheat of the refrigerant at an outlet of the heat
source side heat exchanger (23), and gas cooler out-
let temperatures of the refrigerant which are temper-
atures of the refrigerant at outlets of the utilization
side heat exchangers (27a, 27b), and
the control section (340) receives the degree of su-
perheat of the refrigerant, the gas cooler outlet tem-
peratures of the refrigerant in the utilization side heat
exchangers (27a, 27b), and the high pressure of the
refrigeration cycle as inputs, and concurrently con-
trols the compression mechanism (21), the plurality
of utilization side expansion mechanisms (26a, 26b),
and the heat source side expansion mechanism (24),
thereby concurrently controlling the degree of super-
heat of the refrigerant, the gas cooler outlet temper-
atures of the refrigerant in the utilization side heat
exchangers (27a, 27b), and the high pressure of the
refrigeration cycle.

Patentansprüche

1. Kühleinrichtung, umfassend:

einen Kältemittelkreislauf (20), der hintereinan-
der einen Verdichtungsmechanismus (21) um-
fassend einen Motor, wobei ein Ändern des dem
Motor zugeführten Wechselstroms die Kapazi-
tät des Verdichtungsmechanismus (21) ändert,
einen wärmequellenseitigen Wärmetauscher
(23), einen Expansionsmechanismus (24) um-
fassend ein elektronisches Expansionsventil,
dessen Öffnungsgrad variabel ist, und einen
nutzungsseitigen Wärmetauscher (27) verbin-
det und einen überkritischen Kältekreislauf
durchführt, in dem ein hoher Druck ein überkri-
tischer Druck eines Kältemittels oder höher ist;
einen Niederdrucksensor (32);
Verdampferauslasstemperatursensoren (38a,
38b);
einen Hochdrucksensor (34); und
einen Steuerabschnitt (40) zum Steuern einer
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Vielzahl von Steuerobjekten, die mindestens
den Kompressionsmechanismus (21) und den
Expansionsmechanismus (24) einschließen,
wobei
der Steuerabschnitt (40) angeordnet ist, um die
Vielzahl von Steuerobjekten gleichzeitig zu
steuern, wodurch gleichzeitig ein vorbestimmter
physikalischer Wert als ein Index einer Kapazi-
tät der Kühleinrichtung und der Hochdruck des
Kältekreislaufs gesteuert wird.

2. Kühleinrichtung nach Anspruch 1, wobei
der Steuerabschnitt (40) den vorbestimmten physi-
kalischen Wert und den Hochdruck des Kältekreis-
laufs als Eingänge empfängt, Steuersignale erzeugt,
die jeweils der Vielzahl von Steuerobjekten entspre-
chen, indem er den physikalischen Wert und den
Hochdruck miteinander verknüpft, und die Steuersi-
gnale an die entsprechenden Steuerobjekte ausgibt,
wodurch gleichzeitig der vorbestimmte physikali-
sche Wert und der Hochdruck des Kältekreislaufs
gesteuert werden.

3. Kühleinrichtung nach Anspruch 1, weiter umfas-
send:

einen wärmequellenseitigen Ventilator (28) zum
Zuführen von Luft zu dem wärmequellenseitigen
Wärmetauscher (23), in dem das Kältemittel
Wärme mit der Luft austauscht, wobei im Kühl-
betrieb
der vorbestimmte physikalische Wert eine Ver-
dampfungstemperatur des Kältemittels in dem
nutzungsseitigen Wärmetauscher (27) und ei-
nen Überhitzungsgrad des Kältemittels an ei-
nem Auslass des nutzungsseitigen Wärmetau-
schers (27) einschließt,
die Steuerobjekte weiter den wärmequellensei-
tigen Ventilator (28) einschließen und
der Steuerabschnitt (40) die Verdampfungstem-
peratur des Kältemittels, den Überhitzungsgrad
des Kältemittels und den Hochdruck des Kälte-
kreislaufs als Eingänge empfängt und gleichzei-
tig den Verdichtungsmechanismus (21), den Ex-
pansionsmechanismus (24) und den wärme-
quellenseitigen Ventilator (28) steuert, wodurch
gleichzeitig die Verdampfungstemperatur des
Kältemittels, der Überhitzungsgrad des Kälte-
mittels und der Hochdruck des Kältekreislaufs
gesteuert werden.

4. Kühleinrichtung nach Anspruch 1, wobei
im Heizbetrieb
der vorbestimmte physikalische Wert einen Überhit-
zungsgrad des Kältemittels an einem Auslass des
wärmequellenseitigen Wärmetauschers (23) ein-
schließt und
der Steuerabschnitt (40) den Überhitzungsgrad des

Kältemittels und den Hochdruck des Kältekreislaufs
als Eingänge empfängt und gleichzeitig den Verdich-
tungsmechanismus (21) und den Expansionsme-
chanismus (24) steuert, wodurch gleichzeitig der
Überhitzungsgrad des Kältemittels und der Hoch-
druck des Kältekreislaufs gesteuert werden.

5. Kühleinrichtung nach Anspruch 1, wobei
der Verdichtungsmechanismus einen ersten Ver-
dichter (21a) zum Ansaugen und Verdichten eines
Niederdruckkältemittels und einen zweiten Verdich-
ter (21b) zum weiteren Verdichten und Abgeben des
aus dem ersten Verdichter (21a) abgegebenen Käl-
temittels einschließt,
der Expansionsmechanismus einen ersten Expan-
sionsmechanismus (24) zum Expandieren eines
Hochdruckkältemittels und einen zweiten Expansi-
onsmechanismus (26) zum weiteren Expandieren
des zu einem Zwischendruckkältemittel expandier-
ten Kältemittels in dem ersten Expansionsmecha-
nismus (24) einschließt,
im Kühlbetrieb
der vorbestimmte physikalische Wert eine Verdamp-
fungstemperatur des Kältemittels im nutzungsseiti-
gen Wärmetauscher (27), einen Überhitzungsgrad
des Kältemittels an einem Auslass des nutzungssei-
tigen Wärmetauschers (27) und einen Zwischen-
druck des Kältekreislaufs einschließt und
der Steuerabschnitt (240) die Verdampfungstempe-
ratur des Kältemittels, den Überhitzungsgrad des
Kältemittels, den Zwischendruck des Kältekreislaufs
und den Hochdruck des Kältekreislaufs als Eingän-
ge empfängt und gleichzeitig den ersten und zweiten
Verdichter (21a, 21b) und den ersten und zweiten
Expansionsmechanismus (24, 26) steuert, wodurch
gleichzeitig die Verdampfungstemperatur des Kälte-
mittels, der Überhitzungsgrad des Kältemittels, der
Zwischendruck des Kältekreislaufs und der Hoch-
druck des Kältekreislaufs gesteuert werden.

6. Kühleinrichtung nach Anspruch 1, weiter umfassend
Gaskühlerauslasstemperatursensoren (37, 39)
wobei
der Verdichtungsmechanismus einen ersten Ver-
dichter (21a) zum Ansaugen und Verdichten eines
Niederdruckkältemittels und einen zweiten Verdich-
ter (21b) zum weiteren Verdichten und Abgeben des
aus dem ersten Verdichter (21a) abgegebenen Käl-
temittels einschließt,
der Expansionsmechanismus einen ersten Expan-
sionsmechanismus (24) zum Expandieren eines
Hochdruckkältemittels und einen zweiten Expansi-
onsmechanismus (26) zum weiteren Expandieren
des zu einem Zwischendruckkältemittel expandier-
ten Kältemittels in dem ersten Expansionsmecha-
nismus (24) einschließt,
im Heizbetrieb
der vorbestimmte physikalische Wert eine Verdamp-
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fungstemperatur des Kältemittels in dem wärme-
quellenseitigen Wärmetauscher (23), einen Überhit-
zungsgrad des Kältemittels an einem Auslass des
wärmequellenseitigen Wärmetauschers (23) und ei-
ne Gaskühlerauslasstemperatur, die eine Tempera-
tur des Kältemittels an einem Auslass des nutzungs-
seitigen Wärmetauschers (27) ist, einschließt, und
der Steuerabschnitt (240) die Verdampfungstempe-
ratur des Kältemittels, den Überhitzungsgrad des
Kältemittels, die Gaskühlerauslasstemperatur des
Kältemittels und den Hochdruck des Kältekreislaufs
als Eingänge empfängt und gleichzeitig den ersten
und zweiten Verdichter (21a, 21b) und den ersten
und zweiten Expansionsmechanismus (24, 26) steu-
ert, wodurch gleichzeitig die Verdampfungstempe-
ratur des Kältemittels, der Überhitzungsgrad des
Kältemittels, die Gaskühlerauslasstemperatur des
Kältemittels und der Hochdruck des Kältekreises ge-
steuert werden.

7. Kühleinrichtung nach Anspruch 1, wobei
eine Vielzahl der nutzungsseitigen Wärmetauscher
(27a, 27b) parallel miteinander verbunden sind,
der Expansionsmechanismus eine Vielzahl von nut-
zungsseitigen Expansionsmechanismen (26a, 26b)
einschließt, die jeweils den nutzungsseitigen Wär-
metauschern (27a, 27b) entsprechen, und einen
wärmequellenseitigen Expansionsmechanismus
(24), der zwischen den nutzungsseitigen Wärmetau-
schern (27a, 27b) und den Expansionsmechanis-
men (26a, 26b) und dem wärmequellenseitigen Wär-
metauscher (23) bereitgestellt ist,
im Kühlbetrieb
der vorbestimmte physikalische Wert Verdamp-
fungstemperaturen des Kältemittels in den nut-
zungsseitigen Wärmetauschern (27a, 27b) und
Überhitzungsgrade des Kältemittels an den Ausgän-
gen der nutzungsseitigen Wärmetauscher (27a,
27b) einschließt, und
der Steuerabschnitt (340) die Verdampfungstempe-
raturen des Kältemittels, die Überhitzungsgrade des
Kältemittels in den nutzungsseitigen Wärmetau-
schern (27a, 27b) und den Hochdruck des Kälte-
kreislaufs als Eingänge empfängt und gleichzeitig
den Verdichtermechanismus (21), die Vielzahl von
nutzungsseitigen Wärmeexpansionsmechanismen
(26a, 26b) und den wärmequellenseitigen Expansi-
onsmechanismus (24) steuert, wodurch gleichzeitig
die Verdampfungstemperaturen des Kältemittels
und die Überhitzungsgrade des Kältemittels in den
nutzungsseitigen Wärmetauschern (27a, 27b) und
der Hochdruck des Kältekreislaufs gesteuert wer-
den.

8. Kühleinrichtung nach Anspruch 1, weiter umfassend
Gaskühlerauslasstemperatursensoren (37, 39)
wobei
eine Vielzahl der nutzungsseitigen Wärmetauscher

(27a, 27b) parallel miteinander verbunden sind,
der Expansionsmechanismus eine Vielzahl von nut-
zungsseitigen Expansionsmechanismen (26a, 26b)
beinhaltet, die jeweils den nutzungsseitigen Wärme-
tauschern (27a, 27b) entsprechen, und einen wär-
mequellenseitigen Expansionsmechanismus (24),
der zwischen den nutzungsseitigen Wärmetau-
schern (27a, 27b) und den Expansionsmechanis-
men (26a, 26b) und dem wärmequellenseitigen Wär-
metauscher (23) bereitgestellt ist,
im Heizbetrieb
der vorbestimmte physikalische Wert einen Überhit-
zungsgrad des Kältemittels an einem Auslass des
wärmequellenseitigen Wärmetauschers (23) und
Gaskühlerauslasstemperaturen des Kältemittels
einschließt, die Temperaturen des Kältemittels an
Auslässen der nutzungsseitigen Wärmetauscher
(27a, 27b) sind, und
der Steuerabschnitt (340) den Überhitzungsgrad
des Kältemittels, die Gaskühlerauslasstemperatu-
ren des Kältemittels in den nutzungsseitigen Wär-
metauschern (27a, 27b) und den Hochdruck des Käl-
tekreislaufs als Eingänge empfängt und gleichzeitig
den Verdichtungsmechanismus (21), die Vielzahl
von nutzungsseitigen Expansionsmechanismen
(26a, 26b) und den wärmequellenseitigen Expansi-
onsmechanismus (24) steuert, wodurch gleichzeitig
der Überhitzungsgrad des Kältemittels, die Gasküh-
lerauslasstemperaturen des Kältemittels in den nut-
zungsseitigen Wärmetauschern (27a, 27b) und der
Hochdruck des Kältekreislaufs gesteuert werden.

Revendications

1. Appareil de réfrigération comprenant :

un circuit de réfrigérant (20) connectant séquen-
tiellement un mécanisme de compression (21)
comprenant un moteur, dans lequel un change-
ment du courant alternatif, CA, alimenté vers le
moteur change la capacité du mécanisme de
compression (21), un échangeur de chaleur cô-
té source de chaleur (23), un mécanisme de dé-
tente (24) comprenant un détendeur électroni-
que dont un degré d’ouverture est variable, et
un échangeur de chaleur côté utilisation (27), et
effectuant un cycle de réfrigération supercritique
dans lequel une haute pression est une pression
supercritique d’un réfrigérant ou supérieure ;
un capteur de basse pression (32) ;
des capteurs de température de sortie d’évapo-
rateur (38a, 38b) ;
un capteur de haute pression (34) ; et
une section de commande (40) pour comman-
der une pluralité d’objets de commande incluant
au moins le mécanisme de compression (21) et
le mécanisme de détente (24), dans lequel
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la section de commande (40) est agencée pour
commander simultanément la pluralité d’objets
de commande, en commandant ainsi simulta-
nément une valeur physique prédéterminée en
tant qu’indice d’une capacité de l’appareil de ré-
frigération, et la haute pression du cycle de ré-
frigération.

2. Appareil de réfrigération selon la revendication 1,
dans lequel
la section de commande (40) reçoit la valeur physi-
que prédéterminée et la haute pression du cycle de
réfrigération en tant qu’entrées, génère des signaux
de commande correspondant chacun à la pluralité
d’objets de commande en associant la valeur phy-
sique et la haute pression l’une à l’autre, et délivre
en sortie les signaux de commande aux objets de
commande correspondants, respectivement, en
commandant ainsi simultanément la valeur physique
prédéterminée et la haute pression du cycle de ré-
frigération.

3. Appareil de réfrigération selon la revendication 1,
comprenant en outre :

un ventilateur côté source de chaleur (28) pour
alimenter en air l’échangeur de chaleur côté
source de chaleur (23) dans lequel le réfrigérant
échange de la chaleur avec l’air, dans lequel
lors d’une opération de refroidissement,
la valeur physique prédéterminée inclut, une
température d’évaporation du réfrigérant dans
l’échangeur de chaleur côté utilisation (27), et
un degré de surchauffe du réfrigérant au niveau
d’une sortie de l’échangeur de chaleur côté uti-
lisation (27),
les objets de commande incluent en outre le
ventilateur côté source de chaleur (28), et
la section de commande (40) reçoit la tempéra-
ture d’évaporation du réfrigérant, le degré de
surchauffe du réfrigérant et la haute pression du
cycle de réfrigération en tant qu’entrées, et com-
mande simultanément le mécanisme de com-
pression (21), le mécanisme de détente (24), et
le ventilateur côté source de chaleur (28), en
commandant ainsi simultanément la températu-
re d’évaporation du réfrigérant, le degré de sur-
chauffe du réfrigérant et la haute pression du
cycle de réfrigération.

4. Appareil de réfrigération selon la revendication 1,
dans lequel
lors d’une opération de chauffage,

la valeur physique prédéterminée inclut un de-
gré de surchauffe du réfrigérant au niveau d’une
sortie de l’échangeur de chaleur côté source de
chaleur (23), et

la section de commande (40) reçoit le degré de
surchauffe du réfrigérant et la haute pression du
cycle de réfrigération en tant qu’entrées, et com-
mande simultanément le mécanisme de com-
pression (21) et le mécanisme de détente (24),
en commandant ainsi simultanément le degré
de surchauffe du réfrigérant et la haute pression
du cycle de réfrigération.

5. Appareil de réfrigération selon la revendication 1,
dans lequel
le mécanisme de compression inclut un premier
compresseur (21a) pour aspirer et comprimer un ré-
frigérant basse pression, et un second compresseur
(21b) pour comprimer et évacuer davantage le réfri-
gérant déchargé du premier compresseur (21a),
le mécanisme de détente inclut un premier mécanis-
me de détente (24) pour dilater un réfrigérant haute
pression, et un second mécanisme de détente (26)
pour dilater davantage le réfrigérant dilaté en un ré-
frigérant à pression intermédiaire dans le premier
mécanisme de détente (24),
lors d’une opération de refroidissement,
la valeur physique prédéterminée inclut une tempé-
rature d’évaporation du réfrigérant dans l’échangeur
de chaleur côté utilisation (27), un degré de sur-
chauffe du réfrigérant à une sortie de l’échangeur de
chaleur côté utilisation (27), et une pression inter-
médiaire du cycle de réfrigération, et
la section de commande (240) reçoit la température
d’évaporation du réfrigérant, le degré de surchauffe
du réfrigérant, la pression intermédiaire du cycle de
réfrigération, et la haute pression du cycle de réfri-
gération en tant qu’entrées, et commande simulta-
nément les premier et second compresseurs (21a,
21b) et les premier et second mécanismes de dé-
tente (24, 26), en commandant ainsi simultanément
la température d’évaporation du réfrigérant, le degré
de surchauffe du réfrigérant, la pression intermédiai-
re du cycle de réfrigération, et la haute pression du
cycle de réfrigération.

6. Appareil de réfrigération selon la revendication 1,
comprenant en outre des capteurs de température
de sortie de refroidisseur à gaz (37, 39)
dans lequel
le mécanisme de compression inclut un premier
compresseur (21a) pour aspirer et comprimer un ré-
frigérant basse pression, et un second compresseur
(21b) pour comprimer et évacuer davantage le réfri-
gérant déchargé du premier compresseur (21a),
le mécanisme de détente inclut un premier mécanis-
me de détente (24) pour dilater un réfrigérant haute
pression, et un second mécanisme de détente (26)
pour dilater davantage le réfrigérant dilaté en un ré-
frigérant à pression intermédiaire dans le premier
mécanisme de détente (24),
lors d’une opération de chauffage,
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la valeur physique prédéterminée inclut une tempé-
rature d’évaporation du réfrigérant dans l’échangeur
de chaleur côté source de chaleur (23), un degré de
surchauffe du réfrigérant à une sortie de l’échangeur
de chaleur côté source de chaleur (23), et une tem-
pérature de sortie du refroidisseur à gaz qui est une
température du réfrigérant à une sortie de l’échan-
geur de chaleur côté utilisation (27), et
la section de commande (240) reçoit la température
d’évaporation du réfrigérant, le degré de surchauffe
du réfrigérant, la température de sortie de refroidis-
seur à gaz et la haute pression du cycle de réfrigé-
ration en tant qu’entrées, et commande simultané-
ment les premier et second compresseurs (21a, 21b)
et les premier et second mécanismes de détente (24,
26), en commandant ainsi simultanément la tempé-
rature d’évaporation du réfrigérant, le degré de sur-
chauffe du réfrigérant, la température de sortie de
refroidisseur à gaz du réfrigérant, et la haute pres-
sion du cycle de réfrigération.

7. Appareil de réfrigération selon la revendication 1,
dans lequel
une pluralité d’échangeurs de chaleur côté utilisation
(27a, 27b) sont connectés en parallèle les uns aux
autres,
le mécanisme de détente inclut une pluralité de mé-
canismes de détente côté utilisation (26a, 26b) cor-
respondant chacun aux échangeurs de chaleur côté
utilisation (27a, 27b), et un mécanisme de détente
côté source de chaleur (24) prévu entre les échan-
geurs de chaleur côté utilisation (27a, 27b) et les
mécanismes de détente (26a, 26b), et l’échangeur
de chaleur côté source de chaleur (23),
lors d’une opération de refroidissement,
la valeur physique prédéterminée inclut des tempé-
ratures d’évaporation du réfrigérant dans les échan-
geurs de chaleur côté utilisation (27a, 27b), et de
degrés de surchauffe du réfrigérant au niveau des
sorties des échangeurs de chaleur côté utilisation
(27a, 27b), et
la section de commande (340) reçoit les températu-
res d’évaporation du réfrigérant, les degrés de sur-
chauffe du réfrigérant dans les échangeurs de cha-
leur côté utilisation (27a, 27b) et la haute pression
du cycle de réfrigération en tant qu’entrées, et com-
mande simultanément le mécanisme de compres-
sion (21), la pluralité de mécanismes de détente ther-
mique côté utilisation (26a, 26b) et le mécanisme de
détente côté source de chaleur (24), en commandant
ainsi simultanément les températures d’évaporation
du réfrigérant et les degrés de surchauffe du réfri-
gérant dans les échangeurs de chaleur côté utilisa-
tion (27a, 27b), et la haute pression du cycle de ré-
frigération.

8. Appareil de réfrigération selon la revendication 1,
comprenant en outre des capteurs de température

de sortie de refroidisseur à gaz (37, 39)
dans lequel
une pluralité d’échangeurs de chaleur côté utilisation
(27a, 27b) sont connectés en parallèle les uns aux
autres,
le mécanisme de détente inclut une pluralité de mé-
canismes de détente côté utilisation (26a, 26b) cor-
respondant chacun aux échangeurs de chaleur côté
utilisation (27a, 27b), et un mécanisme de détente
côté source de chaleur (24) prévu entre les échan-
geurs de chaleur côté utilisation (27a, 27b) et les
mécanismes de détente (26a, 26b), et l’échangeur
de chaleur côté source de chaleur (23),
lors d’une opération de chauffage,
la valeur physique prédéterminée inclut un degré de
surchauffe du réfrigérant au niveau d’une sortie de
l’échangeur de chaleur côté source de chaleur (23),
et des températures de sortie de refroidisseur à gaz
du réfrigérant qui sont des températures du réfrigé-
rant au niveau de sorties des échangeurs de chaleur
côté utilisation (27a, 27b), et
la section de commande (340) reçoit le degré de
surchauffe du réfrigérant, les températures de sortie
de refroidisseur à gaz dans les échangeurs de cha-
leur côté utilisation (27a, 27b), et la haute pression
du cycle de réfrigération en tant qu’entrées, et com-
mande simultanément le mécanisme de compres-
sion (21), la pluralité de mécanismes de détente côté
utilisation (26a, 26b) et le mécanisme de détente cô-
té source de chaleur (24), en commandant ainsi si-
multanément le degré de surchauffe du réfrigérant,
les températures de sortie de refroidisseur à gaz du
réfrigérant dans les échangeurs de chaleur côté uti-
lisation (27a, 27b), et la haute pression du cycle de
réfrigération.

51 52 



EP 2 175 212 B1

28



EP 2 175 212 B1

29



EP 2 175 212 B1

30



EP 2 175 212 B1

31



EP 2 175 212 B1

32



EP 2 175 212 B1

33



EP 2 175 212 B1

34



EP 2 175 212 B1

35



EP 2 175 212 B1

36



EP 2 175 212 B1

37



EP 2 175 212 B1

38



EP 2 175 212 B1

39

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2002022242 A [0004]
• US 20070068178 A1 [0008]

• US 2005284164 A1 [0008]


	bibliography
	description
	claims
	drawings
	cited references

