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(54) FREEZING APPARATUS

(57) An air conditioner (10) comprised of a refriger-
ation apparatus includes a main controller (60), and a
sub-controller (70a, 70b). A compressor control section
of the main controller (60) adjusts operational capacity
of the compressor (31), and stops the compressor (31)
when capability of the air conditioner (10) is excessive
relative to a load. When a frequency at which the com-
pressor (31) is started and stopped by the compressor

control section is increased, a target superheat degree
changing section of the main controller (60) forcibly in-
creases a target degree of superheat. Then, in air cooling
operation, the sub-controller (70a, 70b) adjusts the de-
gree of opening of an indoor expansion valve (42, 47)
based on the increased target degree of superheat. In
air heating operation, the main controller (60) adjusts the
degree of opening of an outdoor expansion valve (34)
based on the increased target degree of superheat.
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Description

TECHNICAL FIELD

[0001] The present invention relates to refrigeration
apparatuses which perform a refrigeration cycle in which
high pressure is set higher than critical pressure of a re-
frigerant.

BACKGROUND ART

[0002] Refrigeration apparatuses which perform a re-
frigeration cycle by circulating a refrigerant in a refrigerant
circuit have been known. In a refrigeration apparatus dis-
closed by Patent Document 1, high pressure of the re-
frigeration cycle performed by the refrigerant circuit is set
higher than critical pressure of the refrigerant. That is,
the refrigerant circuit of the refrigeration apparatus per-
forms a so-called supercritical cycle.
[0003] In an air conditioner disclosed by Patent Doc-
ument 2, a general refrigeration cycle is performed in
which the high pressure is set lower than the critical pres-
sure of the refrigerant. According to Patent Document 2,
a target value for controlling the operation of the air con-
ditioner is adjusted to reduce a frequency of starts and
stops of a compressor in the air conditioner.

CITATION LIST

[0004]

Patent Document 1: Japanese Patent Publication
No. 2001-116376
Patent Document 2: Japanese Patent Publication
No. 2002-061925

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0005] In a refrigeration apparatus which performs the
so-called supercritical cycle, the compressor may be
started/stopped to adjust capability of the refrigeration
apparatus. For example, even when a variable capacity
compressor is used, and the capacity of the compressor
is set to the lowest, the capability of the refrigeration ap-
paratus may be too high relative to a load. In such a state,
the compressor is stopped.
[0006] In the supercritical cycle, the high pressure is
higher than that in the general refrigeration cycle. There-
fore, as compared with the general refrigeration cycle in
which the high pressure is lower than the critical pressure
of the refrigerant, the supercritical cycle consumes higher
energy until the high pressure and the low pressure of
the refrigeration cycle reach appropriate values after the
compressor is started. Nevertheless, effective measures
have not been taken so far to reduce the frequency of
starts and stops of the compressor in the refrigeration

apparatus which performs the supercritical cycle.
[0007] In view of the foregoing, the present invention
has been achieved. An object of the invention is to reduce
the number of times the compressor is started and
stopped in the refrigeration apparatus which performs
the so-called supercritical cycle, thereby improving op-
eration efficiency of the refrigeration apparatus.

SOLUTION TO THE PROBLEM

[0008] A first aspect of the invention is directed to a
refrigeration apparatus including: a refrigerant circuit (20)
which includes a compressor (31), an expansion mech-
anism (34, 42, 47), a heat source-side heat exchanger
(33), and a utilization-side heat exchanger (41, 46) con-
nected thereto, and performs a refrigeration cycle in
which high pressure is set higher than critical pressure
of a refrigerant; and a control means (80) which controls
the compressor (31) and the expansion mechanism (34,
42, 47). The control means (80) is configured to perform
capacity control operation of adjusting capacity of the
compressor (31) in such a manner that a physical value
representing an operating state of the refrigeration cycle
performed by the refrigerant circuit (20) reaches a target
control value, flow rate control operation of adjusting a
flow rate of the refrigerant passing through the expansion
mechanism (34, 42, 47) in such a manner that a degree
of superheat of the refrigerant flowing from one of the
heat source-side heat exchanger (33) and the utilization-
side heat exchanger (41, 46) which functions as an evap-
orator to the compressor (31) reaches a target degree of
superheat, and a target superheat degree changing op-
eration of forcibly increasing the target degree of super-
heat when the compressor (13) is stopped by the capacity
control operation.
[0009] A second aspect of the invention is directed to
a refrigeration apparatus including: a refrigerant circuit
(20) which includes a compressor (31), an expansion
mechanism (34, 42, 47), a heat source-side heat ex-
changer (33), and a utilization-side heat exchanger (41,
46) connected thereto, and performs a refrigeration cycle
in which high pressure is set higher than critical pressure
of a refrigerant; a control means (80) which controls the
compressor (31), the refrigeration apparatus performing
at least cooling operation in which the heat source-side
heat exchanger (33) functions as a gas cooler, and the
utilization-side heat exchanger (41, 46) functions as an
evaporator. The control means (80) is configured to per-
form capacity control operation of adjusting capacity of
the compressor (31) in such a manner that a control pa-
rameter, which is evaporating temperature of the refrig-
erant in the utilization-side heat exchanger (41, 46), or
low pressure of the refrigeration cycle performed by the
refrigerant circuit (20), reaches a target control value,
and target control value changing operation of gradually
reducing the target control value after the compressor
(31) is started in such a manner that the target control
value reaches a predetermined standard target value af-
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ter a predetermined period of time from the start of the
compressor (31).
[0010] A third aspect of the invention is directed to a
refrigeration apparatus including: a refrigerant circuit (20)
which includes a compressor (31), an expansion mech-
anism (34, 42, 47), a heat source-side heat exchanger
(33), and a utilization-side heat exchanger (41, 46) con-
nected thereto, and performs a refrigeration cycle in
which high pressure is set higher than critical pressure
of a refrigerant; and a control means (80) which controls
the compressor (31), the refrigeration apparatus per-
forming at least heating operation in which the utilization-
side heat exchanger (41, 46) functions as a gas cooler,
and the heat source-side heat exchanger (33) functions
as an evaporator. The control means (80) is configured
to perform capacity control operation of adjusting capac-
ity of the compressor (31) in such a manner that a control
parameter, which is high pressure of the refrigeration cy-
cle performed by the refrigerant circuit (20), reaches a
target control value, and target control value changing
operation of gradually increasing the target control value
after the compressor (31) is started in such a manner
that the target control value reaches a predetermined
standard target value after a predetermined period of
time from the start of the compressor (31).
[0011] A fourth aspect of the invention is directed to a
refrigeration apparatus including: a refrigerant circuit (20)
which includes a compressor (31), an expansion mech-
anism (34, 42, 47), a heat source-side heat exchanger
(33), and a utilization-side heat exchanger (41, 46) con-
nected thereto, and performs a refrigeration cycle in
which high pressure is set higher than critical pressure
of a refrigerant; and a control means (80) which controls
the compressor (31). The control means (80) is config-
ured to perform capacity control operation of adjusting
capacity of the compressor (31) based on a command
value calculated using a physical value representing an
operating state of the refrigeration cycle performed by
the refrigerant circuit (20), and a control gain in such a
manner that the physical value reaches a target control
value, and gain adjustment operation of reducing the con-
trol gain as a load of the refrigeration apparatus is re-
duced.
[0012] According to the first to fourth aspects of the
invention, the refrigeration cycle is performed by circu-
lating the refrigerant in the refrigerant circuit (20). In this
case, the pressure of the refrigerant discharged from the
compressor (31) is higher than the critical pressure of
the refrigerant. In the refrigerant circuit (20), one of the
heat source-side heat exchanger (33) and the utilization-
side heat exchanger (41, 46) functions as a gas cooler,
and the other functions as an evaporator.
[0013] According to the first aspect of the invention,
the control means (80) performs the capacity control op-
eration. In the capacity control operation, capacity of the
compressor (31) is adjusted in such a manner that a pre-
determined physical value reaches a target control value.
The control means (80) stops the compressor (31) when

the capacity of the compressor (31) cannot be reduced
anymore although the predetermined physical value is
deviated from the target control value. When the com-
pressor (31) is stopped by the capacity control operation,
the control means (80) performs the target superheat de-
gree changing operation to forcibly increase the target
degree of superheat. Then, after the compressor (31) is
restarted, the control means (80) performs the flow rate
control operation using the target degree of superheat
increased by the target superheat degree changing op-
eration. Specifically, the control means (80) adjusts the
flow rate of the refrigerant passing through the expansion
mechanism (34, 42, 47) in such a manner that the degree
of superheat of the refrigerant flowing from the heat ex-
changer (33, 41, 46) which functions as an evaporator
to the compressor (31) reaches the increased target de-
gree of superheat.
[0014] According to the first aspect of the invention,
the expansion mechanism (34, 42, 47) is brought into the
state where the flow rate of the refrigerant passing
through the expansion mechanism is reduced as the tar-
get degree of superheat is increased. With the capacity
of the compressor (31) kept constant, the amount of the
refrigerant circulating in the refrigerant circuit (20) is re-
duced as the target degree of superheat is increased,
thereby reducing the capability of the refrigeration appa-
ratus (10). That is, a lower limit value of the capability of
the refrigeration apparatus (10) is reduced as the target
degree of superheat is increased. Thus, the compressor
(31), which would have to be stopped by the control
means (80) before the target degree of superheat is in-
creased, is more likely to be continuously operated after
the target degree of superheat is increased.
[0015] According to the second aspect of the invention,
the control means (80) performs the capacity control op-
eration, and the target control value changing operation
in the cooling operation. In the capacity control operation,
the control means (80) adjusts the capacity of the com-
pressor (31) in such a manner that a control parameter,
which is evaporating temperature of the refrigerant in the
utilization-side heat exchanger (41, 46), or the low pres-
sure of the refrigeration cycle performed by the refriger-
ant circuit (20), reaches a target control value. The control
means (80) stops the compressor (31) when the capacity
of the compressor (31) cannot be reduced anymore al-
though the control parameter is deviated from the target
control value. Then, after the compressor (31) is restart-
ed, the control means (80) performs the target control
value changing operation. In the target control value
changing operation, the control means (80) sets the tar-
get control value at a point of time when the compressor
(31) is restarted higher than a standard target value, and
then gradually reduces the target control value to be close
to the standard target value in a predetermined period of
time from the point of time. During this period, in the ca-
pacity control operation, the capacity of the compressor
(31) is adjusted using the target control value adjusted
by the target control value changing operation.
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[0016] Immediately after the start of the compressor
(31), there is a big difference between the control param-
eter, which is the evaporating temperature of the refrig-
erant, or an actual measurement of the low pressure of
the refrigeration cycle, and the standard target value.
Thus, when the target control value is not changed from
the standard target value immediately after the start of
the compressor (31), the capacity of the compressor (31)
is abruptly increased to bring the control parameter close
to the standard target value as soon as possible. When
the cooling capability of the refrigeration apparatus (10)
is abruptly increased due to the abrupt increase in ca-
pacity of the compressor (31), the cooling capability be-
comes excessive in a relatively short time after the start
of the compressor (31), and the compressor (31) has to
be stopped again.
[0017] In contrast, according to the control means (80)
of the second aspect of the invention, the target control
value is set higher than the standard target value for some
time after the start of the compressor (31). Thus, even
immediately after the start of the compressor (31), the
difference between the control parameter, which is the
evaporating temperature of the refrigerant or the actual
measurement of the low pressure of the refrigeration cy-
cle, and the target control value is smaller than the dif-
ference in the case where the target control value is not
changed from the standard target value. This alleviates
the abrupt increase in capacity of the compressor (31)
after the start of the compressor (31), thereby gently
changing the cooling capability of the refrigeration appa-
ratus (10). Thus, with the target control value set higher
than the standard target value by the control means (80)
of the present invention, the compressor (31), which
would have to be stopped by the control means (80) when
the target control value is not changed from the standard
target value, is more likely to be continuously operated.
[0018] According to the third aspect of the invention,
the control means (80) performs the capacity control op-
eration, and the target control value changing operation
in the heating operation. In the capacity control operation,
the control means (80) adjusts the capacity of the com-
pressor (31) in such a manner that the control parameter,
which is the high pressure of the refrigeration cycle per-
formed by the refrigerant circuit (20), reaches the target
control value. The control means (80) stops the compres-
sor (31) when the capacity of the compressor (31) cannot
be reduced anymore although the control parameter is
deviated from the target control value. Then, after the
compressor (31) is restarted, the control means (80) per-
forms the target control value changing operation. In the
target control value changing operation, the control
means (80) sets the target control value at a point of time
when the compressor (31) is restarted lower than the
standard target value, and then gradually increases the
target control value to be close to the standard target
value in a predetermined period of time from the point of
time. During this period, in the capacity control operation,
the capacity of the compressor (31) is adjusted using the

target control value adjusted by the target control value
changing operation.
[0019] Immediately after the start of the compressor
(31), there is a big difference between the control param-
eter, which is the actual measurement of the high pres-
sure of the refrigeration cycle, and the standard target
value. Thus, when the target control value is not changed
from the standard target value immediately after the start
of the compressor (31), the capacity of the compressor
(31) is abruptly increased to bring the control parameter
close to the standard target value as soon as possible.
When the heating capability of the refrigeration apparatus
(10) is abruptly increased due to the abrupt increase in
capacity of the compressor (31), the heating capability
becomes excessive in a relatively short time after the
start of the compressor (31), and the compressor (31)
has to be stopped again.
[0020] In contrast, according to the control means (80)
of the third aspect of the invention, the target control value
is set lower than the standard target value for some time
after the start of the compressor (31). Thus, even imme-
diately after the start of the compressor (31), the differ-
ence between the actual measurement of the high pres-
sure of the refrigeration cycle as the control parameter,
and the target control value is smaller than the difference
in the case where the target control value is not changed
from the standard target value. This alleviates the abrupt
increase in capacity of the compressor (31) after the start
of the compressor (31), thereby gently changing the heat-
ing capability of the refrigeration apparatus (10). Thus,
with the target control value set lower than the standard
target value by the control means (80) of the present
invention, the compressor (31), which would have to be
stopped by the control means (80) when the target control
value is not changed from the standard target value, is
more likely to be continuously operated.
[0021] According to the fourth aspect of the invention,
the control means (80) performs the capacity control op-
eration, and the target control value changing operation.
In the capacity control operation, the capacity of the com-
pressor (31) is adjusted in such a manner that a prede-
termined physical value reaches a target control value.
The control means (80) stops the compressor (31) when
the capacity of the compressor (31) cannot be reduced
anymore although the predetermined physical value is
deviated from the target control value. Further, the control
means (80) performs the gain adjustment operation of
reducing the control gain used in the capacity control
operation as the load of the refrigeration apparatus (10)
is reduced.
[0022] When the control gain is kept high although the
load of the refrigeration apparatus (10) is reduced, the
amount of change in capacity of the compressor (31)
determined based on a deviation between the predeter-
mined physical value and the target control value is in-
creased. As a result, the capability of the refrigeration
apparatus (10) becomes excessive relative to the load,
and the compressor (31) is more likely to be stopped.
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[0023] In contrast, according to the control means (80)
of the fourth aspect of the invention, the control gain is
reduced as the load of the refrigeration apparatus (10)
is reduced. Thus, the command value calculated using
the predetermined physical value and the control gain is
reduced as compared with the case where the control
gain is constant. With the control gain reduced by the
control means (80) according to the invention, the com-
pressor (31), which would have to be stopped by the con-
trol means (80) when the control gain is constant, is more
likely to be continuously operated.

ADVANTAGES OF THE INVENTION

[0024] As described above, according to the first as-
pect of the invention, the target degree of superheat is
increased to reduce the lower limit value of the capability
of the refrigeration apparatus (10), thereby reducing the
possibility that the compressor (31) is stopped due to
excessive capability of the refrigeration apparatus (10)
relative to the load. According to the second aspect of
the invention, the control parameter in the cooling oper-
ation is set higher immediately after the start of the com-
pressor (31), thereby reducing the possibility that the
compressor (31) is stopped due to excessive cooling ca-
pability of the refrigeration apparatus (10) relative to the
load. According to the third aspect of the invention, the
control parameter in the heating operation is set lower
immediately after the start of the compressor (31), there-
by reducing the possibility that the compressor (31) is
stopped due to excessive heating capability of the refrig-
eration apparatus (10) relative to the load. According to
the fourth aspect of the invention, the control gain is set
lower when the load of the refrigeration apparatus (10)
is small, thereby reducing the possibility that the com-
pressor (31) is stopped due to excessive capability of the
refrigeration apparatus (10) relative to the load.
[0025] Thus, according to the invention, in the refrig-
eration apparatus (10) which performs the so-called su-
percritical cycle, the possibility that the compressor (31)
is stopped due to the excessive capability of the refrig-
eration apparatus (10) relative to the load can be re-
duced. Specifically, in the refrigeration apparatus (10)
which performs the supercritical cycle in which "high en-
ergy is consumed until the high pressure and the low
pressure of the refrigeration cycle reach the appropriate
values after the compressor (31) is started," the number
of times the compressor (31) is started and stopped for
capability adjustment can be reduced. Thus, according
to the invention, the number of times the compressor (31)
is started and stopped for capability adjustment can be
reduced, thereby reducing the power consumed while
the refrigeration apparatus (10) is operated, and improv-
ing operation efficiency of the refrigeration apparatus
(10).

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

[FIG. 1] FIG. 1 is a refrigerant circuit diagram illus-
trating the schematic structure of an air conditioner
of a first embodiment.

[FIG. 2] FIG. 2 is a block diagram illustrating the
structure of a main controller and sub-controllers of
the first embodiment.

[FIG. 3] FIG. 3 is a block diagram illustrating the
structure of a main controller of a second embodi-
ment.

[FIG. 4] FIG. 4 is a block diagram illustrating the
structure of a main controller of a third embodiment.

DESCRIPTION OF REFERENCE CHARACTERS

[0027]

10 Air conditioner (refrigeration apparatus)
20 Refrigeration circuit
31 Compressor
33 Outdoor heat exchanger (heat source-side heat

exchanger)
34 Outdoor expansion valve (expansion mecha-

nism)
41 Indoor heat exchanger (utilization-side heat ex-

changer)
42 Indoor expansion valve (expansion mechanism)
46 Indoor heat exchanger (utilization-side heat ex-

changer)
47 Indoor expansion valve (expansion mechanism)
60 Main controller
70a Sub-controller
70b Sub-controller
80 Control means

DESCRIPTION OF EMBODIMENTS

[0028] Embodiments of the present invention will be
described in detail with reference to the drawings. The
embodiments described below are directed to an air con-
ditioner (10) comprised of a refrigeration apparatus.

[First Embodiment of the Invention]

[0029] As shown in FIG. 1, the air conditioner (10) of
the present embodiment includes a single outdoor unit
(11), and two indoor units (12, 13). The outdoor unit (11)
is placed outside. The indoor units (12, 13) are placed
inside. The number of the outdoor unit (11) and the
number of the indoor units (12, 13) are merely described
as examples. The air conditioner (10) includes a main
controller (60), and sub-controllers (70a, 70b). The main
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controller (60) and the sub-controllers (70a, 70b) consti-
tute a control means (80).
[0030] In the air conditioner (10) of this embodiment,
an outdoor circuit (30) of the outdoor unit (11) and indoor
circuits (40, 45) of the indoor units (12, 13) are connected
through a liquid flow pipe (21) and a gas flow pipe (22)
to form a refrigerant circuit (20). The refrigerant circuit
(20) is filled with carbon dioxide (CO2) as a refrigerant.
The refrigerant circuit (20) performs a refrigeration cycle
in which high pressure is set higher than critical pressure
of carbon dioxide as the refrigerant.
[0031] The outdoor unit (11) contains a single outdoor
circuit (30). The outdoor circuit (30) includes the com-
pressor (31), a four-way switching valve (32), an outdoor
heat exchanger (33) as a heat source-side heat exchang-
er, an outdoor expansion valve (34) as an expansion
mechanism, a receiver (35), a liquid stop valve (36), and
a gas stop valve (37). The outdoor unit (11) is provided
with an outdoor fan (16) for sending outdoor air to the
outdoor heat exchanger (33).
[0032] In the outdoor circuit (30), the compressor (31)
is connected to a first port of the four-way switching valve
(32) through a discharge side thereof, and is connected
to a second port of the four-way switching valve (32)
through a suction side thereof. The outdoor heat ex-
changer (33) is connected to a third port of the four-way
switching valve through a gas end thereof, and is con-
nected to an end of the outdoor expansion valve (34)
through a liquid end thereof. The other end of the outdoor
expansion valve (34) is connected to the liquid stop valve
(36) through the receiver (35). A fourth port of the four-
way switching valve (32) is connected to the gas stop
valve (37).
[0033] The indoor units (12, 13) contain indoor circuits
(40, 45), respectively. Each of the indoor circuits (40, 45)
includes an indoor heat exchanger (41, 46) as a utiliza-
tion-side heat exchanger, and an indoor expansion valve
(42, 47) as an expansion mechanism. The indoor heat
exchanger (41, 46) and the indoor expansion valve (42,
47) in each of the indoor circuits (40, 45) are connected
in series. Each of the indoor units (12, 13) contains an
indoor fan (17, 18) for sending room air to the indoor heat
exchanger (41, 46).
[0034] In the refrigerant circuit (20), an end of the liquid
flow pipe (21) is connected to the liquid stop valve (36).
The other end of the liquid flow pipe (21) is branched in
two, and the branched ends are connected to the ends
of the indoor units (40, 45) near the indoor expansion
valves (42, 47), respectively. An end of the gas flow pipe
(22) is connected to the gas stop valve (37). The other
end of the gas flow pipe (22) is branched in two, and the
branched ends are connected to the ends of the indoor
units (40, 45) near the indoor heat exchangers (41, 46),
respectively. Specifically, the two indoor units (40, 45)
are parallel-connected to the single outdoor circuit (30)
in the refrigerant circuit (20).
[0035] The compressor (31) is a hermetic compressor
including a compression mechanism and a motor in a

single casing. The outdoor heat exchanger (33), and the
indoor heat exchangers (41, 46) are fin-and-tube air heat
exchangers which are configured to exchange heat be-
tween the refrigerant and the air. The outdoor expansion
valve (34), and the indoor expansion valves (42, 47) are
motor-operated expansion valves capable of changing
the degree of opening. The four-way switching valve (32)
is configured to be able to switch between a first state
where the first and third ports communicate 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 com-
municate with each other, and the second and third ports
communicate with each other (a state indicated by a bro-
ken line in FIG. 1).
[0036] The outdoor unit (11) includes a high pressure
sensor (51), a low pressure sensor (52), a suction tem-
perature sensor (53), an outdoor gas temperature sensor
(54), and an outdoor air temperature sensor (58). The
high pressure sensor (51) is connected to the refrigerant
circuit (20) between the discharge side of the compressor
(31) and the first port of the four-way switching valve (32)
to measure the pressure of the refrigerant discharged
from the compressor (31). The low pressure sensor (52)
is connected to the refrigerant circuit (20) between the
suction side of the compressor (31) and the second port
of the four-way switching valve (32) to measure the pres-
sure of the refrigerant sucked into the compressor (31).
The suction temperature sensor (53) is attached to the
refrigerant circuit (20) between the suction side of the
compressor (31) and the second port of the four-way
switching valve (32) to measure the temperature of the
refrigerant sucked into the compressor (31). The outdoor
gas temperature sensor (54) is arranged near the gas
end of the outdoor heat exchanger (33) in the outdoor
circuit (30) to measure the temperature of the refrigerant
passing through the gas end. The outdoor air tempera-
ture sensor (58) measures the temperature of outdoor
air before passing through the outdoor heat exchanger
(33).
[0037] The indoor units (12, 13) include room air tem-
perature sensors (55a, 55b), indoor gas temperature
sensors (56, 56b), and indoor liquid temperature sensors
(57, 57b), respectively. The room air temperature sensor
(55a, 55b) measures the temperature of the room air be-
fore passing through the indoor heat exchanger (41, 46).
The indoor gas temperature sensor (56, 56b) is arranged
near an end of indoor heat exchanger (41, 46) opposite
the indoor expansion valve (42, 47) in the corresponding
indoor circuit (40, 45) to measure the temperature of the
refrigerant passing through the end. The indoor liquid
temperature sensor (57, 57b) is arranged near an end of
the indoor heat exchanger (41, 46) close to the indoor
expansion valve (42, 47) in the corresponding indoor cir-
cuit (40, 45) to measure the temperature of the refrigerant
passing through the end.
[0038] The main controller (60) is arranged in the out-
door unit (11). As shown in FIG. 2, the main controller
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(60) includes a target low pressure determining section
(61), a target high pressure determining section (62), a
compressor control section (63), an outdoor expansion
valve control section (64), and a target superheat degree
changing section (65). The main controller (60) receives
measurements of the high pressure sensor (51), the low
pressure sensor (52), the suction temperature sensor
(53), the outdoor gas temperature sensor (54), the room
air temperature sensors (55a, 55b), and the outdoor air
temperature sensor (58).
[0039] The sub-controllers (70a, 70b) are arranged in
the indoor units (12, 13), respectively. As shown in FIG.
2, the sub-controllers (70a, 70b) include indoor expan-
sion valve control sections (71 a, 71b), respectively. Each
of the sub-controllers (70a, 70b) receives a measurement
of the low pressure sensor (52). Each of the sub-control-
lers (70a, 70b) receives measurements of the indoor gas
temperature sensor (56, 56b) and the indoor liquid tem-
perature sensor (57, 57b) arranged in the same indoor
unit (12, 13).
[0040] The main controller (60) and the sub-controllers
(70a, 70b) control the operation of the air conditioner (10)
using the measurements input from the sensors. Details
of the control operation performed by the main controller
(60) and the sub-controllers (70a, 70b) will be described
in detail below.

-Operation Mechanism of Air Conditioner-

[0041] The air conditioner (10) of the present embod-
iment selectively performs air cooling operation as cool-
ing operation, and air heating operation as heating op-
eration. Switching between the air cooling operation and
the air heating operation is performed by switching the
four-way switching valve (32).

<Air Cooling Operation>

[0042] Operation of the air conditioner (10) in the air
cooling operation will be described. In the air cooling op-
eration, the four-way switching valve (32) is set to the
first state (the state indicated by a solid line in FIG. 1). In
the air cooling operation, the outdoor expansion valve
(34) is fully opened, and the degrees of opening of the
indoor expansion valves (42, 47) are suitably adjusted.
[0043] The refrigerant circuit (20) performs a refriger-
ation cycle by circulating the refrigerant. In the refrigerant
circuit (20) performing the air cooling operation, the out-
door heat exchanger (33) functions as a gas cooler, and
each of the indoor heat exchangers (41, 46) functions as
an evaporator.
[0044] Specifically, the supercritical refrigerant dis-
charged from the compressor (31) passes through the
four-way switching valve (32) to enter the outdoor heat
exchanger (33), and dissipates heat to the outdoor air.
The refrigerant flowing out of the outdoor heat exchanger
(33) passes through the outdoor expansion valve (34)
and the receiver (35), flows into the liquid flow pipe (21),

and is distributed to the indoor circuits (40, 45).
[0045] Each of the refrigerant streams that entered the
corresponding indoor circuit (40, 45) is reduced in pres-
sure as it passes through the indoor expansion valve (42,
47) to reach a gas-liquid two phase state, and absorbs
heat from the room air in the indoor heat exchanger (41,
46) to evaporate. Each of the indoor units (12, 13) feeds
the room air cooled in the indoor heat exchanger (41, 46)
to the inside of a room. The refrigerant streams that
passed through the indoor heat exchangers (41, 46), re-
spectively, flow into the gas flow pipe (22) to merge with
each other, and the merged stream is sucked into the
compressor (31) after passing through the four-way
switching valve (32). The compressor (31) compresses
the sucked refrigerant, and discharges the compressed
refrigerant.

<Air Heating Operation>

[0046] Operation of the air conditioner (10) in the air
heating operation will be described. In the air heating
operation, the four-way switching valve (32) is set to the
second state (the state indicated by a broken line in FIG.
1). In the air heating operation, the degrees of opening
of the outdoor expansion valve (34) and the indoor ex-
pansion valves (42, 47) are suitably adjusted.
[0047] The refrigerant circuit (20) performs a refriger-
ation cycle by circulating the refrigerant. In refrigerant
circuit (20) performing the air heating operation, each of
the indoor heat exchangers (41, 46) functions as a gas
cooler, and the outdoor heat exchanger (33) functions
as an evaporator.
[0048] Specifically, the supercritical refrigerant dis-
charged from the compressor (31) passes through the
four-way switching valve (32) to enter the gas flow pipe
(22), and is distributed to the indoor circuits (40, 45). Each
of the refrigerant streams that entered the corresponding
indoor circuit (40, 45) dissipates heat to the room air in
the indoor heat exchanger (41, 46). Each of the indoor
units (12, 13) feeds the room air heated in the indoor heat
exchanger (41, 46) to the inside of the room. The refrig-
erant flowing out of the indoor heat exchanger (41, 46)
flows into the liquid flow pipe (21) after passing through
the indoor expansion valve (42, 47), and then flows into
the outdoor circuit (3 0).
[0049] The refrigerant that entered the outdoor circuit
(30) is sent to the outdoor expansion valve (34) after
passing through the receiver (35), and is reduced in pres-
sure as it passes through the outdoor expansion valve
(34) to reach a gas-liquid two phase state. The refrigerant
that passed through the outdoor expansion valve (34) is
sent to the outdoor heat exchanger (33), and absorbs
heat from the outdoor air to evaporate. The refrigerant
flowing out of the outdoor heat exchanger (33) passes
through the four-way switching valve (32), and is sucked
into the compressor (31). The compressor (31) com-
presses the sucked refrigerant, and discharges the com-
pressed refrigerant.
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-Operation of Main Controller and Sub-Controller-

[0050] As described above, the main controller (60)
and the sub-controllers (70a, 70b) control the operation
of the air conditioner (10) based on the measurements
input from the sensors.

<Air Cooling Operation>

[0051] Operation of the main controller (60) and the
sub-controllers (70a, 70b) in the air cooling operation will
be described. In the air cooling operation, the target low
pressure determining section (61), the compressor con-
trol section (63), and the target superheat degree chang-
ing section (65) of the main controller (60) are operated.
In the main controller (60), the outdoor expansion valve
control section (64) performs only operation of keeping
the outdoor expansion valve (34) fully opened, and the
target high pressure determining section (62) is suspend-
ed. In each of the sub-controllers (70a, 70b), the indoor
expansion valve control section (71 a, 71 b) is operated.
[0052] The indoor expansion valve control section
(71a, 71b) of each of the sub-controllers (70a, 70b) ad-
justs the degree of opening of the indoor expansion valve
(42, 47) arranged in the corresponding indoor unit (12,
13). Specifically, in a first indoor unit (12), the indoor ex-
pansion valve control section (71 a) of the sub-controller
(70a) adjusts the degree of opening of a first expansion
valve (42) in such a manner that the degree of superheat
of the refrigerant at the exit of a first indoor heat exchang-
er (41) reaches the predetermined target degree of su-
perheat. In a second indoor unit (13), the indoor expan-
sion valve control section (71b) of the sub-controller (70b)
adjusts the degree of opening of a second indoor expan-
sion valve (47) in such a manner that the degree of su-
perheat of the refrigerant at the exit of a second indoor
heat exchanger (46) reaches the predetermined target
degree of superheat.
[0053] The control operation performed by each of the
indoor expansion valve control sections (71 a, 71b) will
be described in detail below. The indoor expansion valve
control section (71a, 71 b) calculates the degree of su-
perheat of the refrigerant at the exit of the indoor heat
exchanger (41, 46) in the corresponding indoor unit (12,
13) by subtracting saturation temperature of the refriger-
ant associated with a detected value of the low pressure
sensor (52) from a detected value of the indoor gas tem-
perature sensor (56, 56b) in the corresponding indoor
unit (12, 13). Then, the degree of opening of the indoor
expansion valve (42, 47) in the corresponding indoor unit
(12, 13) is adjusted in such a manner that the calculated
degree of superheat reaches the target degree of super-
heat. The control of the degree of opening of the indoor
expansion valve (42, 47) by the indoor expansion valve
control section (71a, 71b) is performed by general feed-
back control, such as PID control etc.
[0054] Specifically, when the calculated degree of su-
perheat is lower than the target degree of superheat, the

indoor expansion valve control section (71a, 71b) reduc-
es the degree of opening of the indoor expansion valve
(42, 47) to reduce the flow rate of the refrigerant passing
through the indoor heat exchanger (41, 46), thereby in-
creasing the degree of superheat of the refrigerant at the
exit of the indoor heat exchanger (41, 46). When the cal-
culated degree of superheat is higher than the target de-
gree of superheat, the indoor expansion valve control
section (71 a, 71 b) increases the degree of opening of
the indoor expansion valve (42, 47) to increase the flow
rate of the refrigerant passing through the indoor heat
exchanger (41, 46), thereby reducing the degree of su-
perheat of the refrigerant at the exit of the indoor heat
exchanger (41, 46). In the indoor expansion valve control
section (71a, 71b), the target degree of superheat is set
at a certain standard value (e.g., 5°C) except for the case
where the target degree of superheat is changed by the
target superheat degree changing section (65).
[0055] The target low pressure determining section
(61) is configured to perform target low pressure deter-
mining operation. In the target low pressure determining
operation, the target low pressure, which is a target value
of the low pressure of the refrigeration cycle, is deter-
mined to correspond to a cooling load of the indoor unit
(12, 13) in the air cooling operation.
[0056] Specifically, the target low pressure determin-
ing section (61) determines whether air cooling capability
of the indoor unit (12, 13) is sufficient or not based on
the measurements of the room air temperature sensors
(55a, 55b), set room temperature for cooling the room,
etc. Then, when the target low pressure determining sec-
tion (61) has made a determination that the air cooling
capability of the indoor unit (12, 13) is insufficient, the
target low pressure is reduced to increase the air cooling
capability. When the target low pressure determining
section (61) has made a determination that the air cooling
capability of the indoor unit (12, 13) is excessive, the
target low pressure is increased to reduce the air cooling
capability.
[0057] The compressor control section (63) is config-
ured to perform capacity control operation. In the capacity
control operation, operational capacity of the compressor
(31) is adjusted in such a manner that the measurement
of the low pressure sensor (52) (i.e., an actual measure-
ment of the low pressure of the refrigeration cycle) reach-
es the target low pressure. Specifically, the compressor
control section (63) adjusts the operational capacity of
the compressor (31) using the low pressure of the refrig-
eration cycle as a control parameter in such a manner
that the control parameter reaches the target low pres-
sure.
[0058] Specifically, the compressor control section
(63) changes a frequency of alternating current fed to a
motor of the compressor (31) to change rotation speed
of the compression mechanism driven by the motor,
thereby changing the operational capacity of the com-
pressor (31). When the measurement of the low pressure
sensor (52) is higher than the target low pressure, the
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compressor control section (63) increases the rotation
speed of the motor of the compressor (31) to increase
the operational capacity of the compressor (31), thereby
reducing the low pressure of the refrigeration cycle.
When the measurement of the low pressure sensor (52)
is lower than the target low pressure, the compressor
control section (63) reduces the rotation speed of the
motor of the compressor (31) to reduce the operational
capacity of the compressor (31), thereby increasing the
low pressure of the refrigeration cycle.
[0059] In this case, the compressor control section (63)
calculates a command value for changing a frequency
of the alternating current fed to the motor of the compres-
sor (31) using the measurement of the low pressure sen-
sor (52) and the predetermined control gain. Specifically,
in the compressor control section (63), the command val-
ue for changing the frequency of the alternating current
is increased as a difference between the measurement
of the low pressure sensor (52) and the target low pres-
sure is increased. Further, the command value for chang-
ing the frequency of the alternating current is reduced as
the difference between the measurement of the low pres-
sure sensor (52) and the target low pressure is reduced.
[0060] When the measurement of the low pressure
sensor (52) remains lower than the target low pressure
for a predetermined period of time although the frequency
of the alternating current fed to the motor of the compres-
sor (31) has reached the lower limit value, the compres-
sor control section (63) determines that the air cooling
capability is excessive relative to the cooling load, and
stops the compressor (31). Further, when a difference
between the measurement of the room air temperature
sensor (55a, 55b) and the set room temperature for cool-
ing the room reaches or exceeds a certain level, the com-
pressor control section (63) determines that the air inside
the room has to be cooled, and starts the compressor
(31).
[0061] The target superheat degree changing section
(65) is configured to perform target superheat degree
changing operation. In the target superheat degree
changing operation, the target superheat degree chang-
ing section (65) counts the number of times the compres-
sor (31) is stopped by the compressor control section
(63). When the number of times the compressor is
stopped by the compressor control section (63) reaches
the predetermined number (e.g., two) within a predeter-
mined period of time (e.g., in 15 minutes), the target su-
perheat degree changing section (65) forcibly increases
the target degree of superheat from a standard value
(e.g., 5°C). After the target superheat degree changing
section (65) forcibly increased the target degree of su-
perheat, the indoor expansion valve control section (71a,
71b) adjusts the degree of opening of the indoor expan-
sion valve (42, 47) using the target degree of superheat
increased from the standard value.
[0062] However, when the degree of superheat of the
refrigerant flowing out of the indoor heat exchanger (41,
46) in the air cooling operation is too high, the degree of

superheat of the refrigerant sucked into the compressor
(31) may be too high, and the temperature of the refrig-
erant discharged from the compressor (31) may be too
high. Therefore, the target superheat degree changing
section (65) sets an upper limit value on the increase in
target degree of superheat by the target superheat de-
gree changing operation to prevent the temperature of
the refrigerant discharged from the compressor (31) from
being too high.

<Air Heating Operation>

[0063] Operation of the main controller (60) and the
sub-controllers (70a, 70b) in the air heating operation will
be described below. In the air heating operation, the tar-
get high pressure determining section (62), the compres-
sor control section (63), the outdoor expansion valve con-
trol section (64), and the target superheat degree chang-
ing section (65) of the main controller (60) are operated,
and the target low pressure determining section (61) is
suspended. In each of the sub-controllers (70a, 70b), the
indoor expansion valve control section (71a, 71 b) is op-
erated.
[0064] The indoor expansion valve control section
(71a, 71b) of each of the sub-controllers (70a, 70b) ad-
justs the degree of opening of the indoor expansion valve
(42, 47) in the corresponding indoor unit (12, 13). This
operation is the same as that in the air cooling operation.
However, in the air heating operation, the indoor expan-
sion valve control section (71a, 71b) adjusts the degree
of opening of the indoor expansion valve (42, 47) in such
a manner that a detected value of the indoor liquid tem-
perature sensor (57, 57b) in the corresponding indoor
unit (12, 13) reaches the predetermined target value.
Specifically, in the air heating operation, the indoor ex-
pansion valve control section (71a, 71b) adjusts the de-
gree of opening of the indoor expansion valve (42, 47)
in such a manner that the temperature of the refrigerant
at the exit of the indoor heat exchanger (41, 46) which
functions as a gas cooler reaches the predetermined tar-
get value. The control of the degree of opening of the
indoor expansion valve (42, 47) by the indoor expansion
valve control section (71 a, 71b) is performed by general
feedback control, such as PID control etc.
[0065] Specifically, when the detected value of the in-
door liquid temperature sensor (57, 57b) is higher than
the target value, the indoor expansion valve control sec-
tion (71 a, 71b) reduces the degree of opening of the
indoor expansion valve (42, 47) to reduce the flow rate
of the refrigerant passing through the indoor heat ex-
changer (41, 46), thereby reducing the temperature of
the refrigerant at the exit of the indoor heat exchanger
(41, 46). When the detected value of the indoor liquid
temperature sensor (57, 57b) is lower than the target
value, the indoor expansion valve control section (71a,
71b) increases the degree of opening of the indoor ex-
pansion valve (42, 47) to increase the flow rate of the
refrigerant passing through the indoor heat exchanger
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(41, 46), thereby increasing the temperature of the re-
frigerant at the exit of the indoor heat exchanger (41, 46).
[0066] The target high pressure determining section
(62) is configured to perform target high pressure deter-
mining operation. In the target high pressure determining
operation, the target high pressure, which is a target val-
ue of the high pressure of the refrigeration cycle, is de-
termined to correspond to a heating load of the indoor
unit (12, 13) in the air heating operation.
[0067] Specifically, the target high pressure determin-
ing section (62) determines whether the air heating ca-
pability of the indoor unit (12, 13) is sufficient or not based
on the measurements of the room air temperature sen-
sors (55a, 55b), the set room temperature for heating the
room, etc. When the target high pressure determining
section (62) has made a determination that the air heating
capability of the indoor unit (12, 13) is insufficient, the
target high pressure is increased to increase the air heat-
ing capability. When the target high pressure determining
section (62) has made a determination that the air heating
capability of the indoor unit (12, 13) is excessive, the
target high pressure is reduced to reduce the air heating
capability.
[0068] The compressor control section (63) is config-
ured to perform capacity control operation. In the capacity
control operation, operational capacity of the compressor
(31) is adjusted in such a manner that the measurement
of the high pressure sensor (51) (i.e., an actual meas-
urement of the high pressure of the refrigeration cycle)
reaches the target high pressure. Specifically, the com-
pressor control section (63) adjusts the operational ca-
pacity of the compressor (31) using the high pressure of
the refrigeration cycle as a control parameter in such a
manner that the control parameter reaches the target
high pressure.
[0069] Specifically, the compressor control section
(63) changes a frequency of alternating current fed to a
motor of the compressor (31) to change rotation speed
of the compression mechanism driven by the motor,
thereby changing the operational capacity of the com-
pressor (31). When the measurement of the high pres-
sure sensor (51) is lower than the target high pressure,
the compressor control section (63) increases the rota-
tion speed of the motor of the compressor (31) to increase
the operational capacity of the compressor (31), thereby
increasing the high pressure of the refrigeration cycle.
When the measurement of the high pressure sensor (51)
is higher than the target high pressure, the compressor
control section (63) reduces the rotation speed of the
motor of the compressor (31) to reduce the operational
capacity of the compressor (31), thereby reducing the
high pressure of the refrigeration cycle.
[0070] In this case, the compressor control section (63)
calculates a command value for changing a frequency
of the alternating current fed to the motor of the compres-
sor (31) using the measurement of the high pressure sen-
sor (51) and the predetermined control gain. Specifically,
in the compressor control section (63), the command val-

ue for changing the frequency of the alternating current
is increased as a difference between the measurement
of the high pressure sensor (51) and the target high pres-
sure is increased. Further, the command value for chang-
ing the frequency of the alternating current is reduced as
the difference between the measurement of the high
pressure sensor (51) and the target high pressure is re-
duced.
[0071] The outdoor expansion valve control section
(64) is configured to perform flow rate control operation.
In the flow rate control operation, the degree of opening
of the outdoor expansion valve (34) is adjusted in such
a manner that the degree of superheat of the refrigerant
at the exit of the outdoor heat exchanger (33) which func-
tions as the evaporator in the air heating operation reach-
es the target degree of superheat. Specifically, the out-
door expansion valve control section (64) adjusts the de-
gree of opening of the outdoor expansion valve (34) to
control the flow rate of the refrigerant passing through
the outdoor expansion valve (34). The control of the de-
gree of opening of the outdoor expansion valve (34) by
the outdoor expansion valve control section (64) is per-
formed by general feedback control, such as PID control
etc.
[0072] The outdoor expansion valve control section
(64) calculates the degree of superheat of the refrigerant
at the exit of the outdoor heat exchanger (33) by sub-
tracting saturation temperature of the refrigerant associ-
ated with a detected value of the low pressure sensor
(52) from a detected value of the outdoor gas temperature
sensor (54). Then, the degree of opening of the outdoor
expansion valve (34) is adjusted in such a manner that
the calculated degree of superheat reaches the target
degree of superheat. Specifically, when the calculated
degree of superheat is lower than the target degree of
superheat, the outdoor expansion valve control section
(64) reduces the degree of opening of the outdoor ex-
pansion valve (34) to reduce the flow rate of the refrig-
erant passing through the outdoor heat exchanger (33),
thereby increasing the degree of superheat of the refrig-
erant at the exit of the outdoor heat exchanger (33). When
the calculated degree of superheat is higher than the
target degree of superheat, the outdoor expansion valve
control section (64) increases the degree of opening of
the outdoor expansion valve (34) to increase the flow
rate of the refrigerant passing through the outdoor heat
exchanger (33), thereby reducing the degree of super-
heat of the refrigerant at the exit of the outdoor heat ex-
changer (33).
[0073] The target superheat degree changing section
(65) is configured to perform target superheat degree
changing operation. Specifically, like in the air cooling
operation, the target superheat degree changing section
(65) forcibly increases the target degree of superheat
from a standard value (e.g., 5°C) when the number of
times the compressor is stopped by the compressor con-
trol section (63) reaches the predetermined number with-
in a predetermined period of time. After the target super-
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heat degree changing section (65) forcibly increased the
target degree of superheat, the outdoor expansion valve
control section (64) adjusts the degree of opening of the
outdoor expansion valve (34) using the target degree of
superheat increased from the standard value.
[0074] However, when the degree of superheat of the
refrigerant flowing out of the outdoor heat exchanger (33)
in the air heating operation is too high, the degree of
superheat of the refrigerant sucked into the compressor
(31) may be too high, and the temperature of the refrig-
erant discharged from the compressor (31) may be too
high. Therefore, the target superheat degree changing
section (65) sets an upper limit value on the increase in
target degree of superheat by the target superheat de-
gree changing operation to prevent the temperature of
the refrigerant discharged from the compressor (31) from
being too high.

-Advantages of First Embodiment-

[0075] In this embodiment, the target superheat de-
gree changing section (65) of the main controller (60)
forcibly increases the target degree of superheat from
the standard value when the capability of the air condi-
tioner (10) is excessive, and a frequency at which the
compressor (31) is stopped by the compressor control
section (63) is increased. In the air cooling operation, the
indoor expansion valve control section (71 a, 71b) of the
sub-controller (70a, 70b) adjusts the degree of opening
of the indoor expansion valve (42, 47) in such a manner
that the degree of superheat of the refrigerant flowing
from the indoor heat exchanger (41, 46) to the compres-
sor (31) reaches the increased target degree of super-
heat. In the air heating operation, the outdoor expansion
valve control section (64) of the main controller (60) ad-
justs the degree of opening of the outdoor expansion
valve (34) in such a manner that the degree of superheat
of the refrigerant flowing from the outdoor heat exchanger
(33) to the compressor (31) reaches the increased target
degree of superheat.
[0076] Provided that the temperature and flow rate of
the air sent to the evaporator are constant, the degree
of superheat of the refrigerant at the exit of the evaporator
is increased as the flow rate of the refrigerant passing
through the evaporator is reduced. Thus, the degrees of
opening of the indoor expansion valves (42, 47) and the
outdoor expansion valve (34) are reduced as the target
degree of superheat is increased. Specifically, the indoor
expansion valves (42, 47) and the outdoor expansion
valve (34) are brought into the state where the flow rate
of the refrigerant passing through them is reduced (i.e.,
the state where the degrees of opening are set low).
Thus, with the rotation speed of the compression mech-
anism of the compressor (31) kept constant, the amount
of the refrigerant circulating in the refrigerant circuit (20)
is reduced as the target degree of superheat is increased,
thereby reducing the capability of the air conditioner (10).
[0077] Specifically, the lower limit value of the capa-

bility of the air conditioner (10) is reduced as the target
degree of superheat is increased. Therefore, the com-
pressor (31), which would have to be stopped by the com-
pressor control section (63) before the target degree of
superheat is increased, is more likely to be continuously
operated after the target degree of superheat is in-
creased.
[0078] Thus, according to the present embodiment, in
the air conditioner (10) which performs the so-called su-
percritical cycle, the possibility that the compressor (31)
is stopped due to the excessive capability of the air con-
ditioner (10) relative to the load can be reduced. Specif-
ically, in the air conditioner (10) which performs the su-
percritical cycle in which "high energy is consumed until
the high pressure and the low pressure of the refrigeration
cycle reach the appropriate values after the compressor
(31) is started," the number of times the compressor (31)
is started and stopped for capability adjustment can be
reduced. Therefore, according to the present embodi-
ment, the number of times the compressor (31) is started
and stopped for capability adjustment is reduced, thereby
reducing the power consumed while the air conditioner
(10) is operated, and improving operation efficiency of
the air conditioner (10).

[Second Embodiment of the Invention]

[0079] A second embodiment of the invention will be
described. This embodiment is the same as the first em-
bodiment except that the structure of the main controller
(60) of the air conditioner (10) is changed.
[0080] As shown in FIG. 3, the main controller (60) of
the present embodiment includes a target control value
changing section (66) in place of the target superheat
degree changing section (65) described in the first em-
bodiment. In the main controller (60) of the present em-
bodiment, the target low pressure determining section
(61), the target high pressure determining section (62),
the compressor control section (63), and the outdoor ex-
pansion valve control section (64) are operated in the
same manner as described in the first embodiment.
[0081] The target control value changing section (66)
is configured to perform target control value changing
operation. In the target control value changing operation,
the target control value changing section (66) counts the
number of times the compressor (31) is stopped by the
compressor control section (63). When the number of
times the compressor is stopped by the compressor con-
trol section (63) reaches the predetermined number (e.g.,
two) within a predetermined period of time (e.g., 15 min-
utes), the target control value changing section (66) for-
cibly changes a target control value used in the compres-
sor control section (63).

<Operation Mechanism in Air Cooling Operation>

[0082] In the air cooling operation, the target control
value changing section (66) performs operation of forci-
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bly changing the target low pressure as the target control
value changing operation. Specifically, when the number
of times the compressor is stopped by the compressor
control section (63) reaches the predetermined number
within the predetermined period of time, the target control
value changing section (66) increases the target low
pressure used in the compressor control section (63)
from a standard target value which is determined by the
target low pressure determining section (61). Then, at a
point of time when the compressor (31) is started, the
compressor control section (63) adjusts operational ca-
pacity of the compressor (31) using the target low pres-
sure increased by the target control value changing sec-
tion (66). Then, the compressor control section (63) grad-
ually reduces the target low pressure in such a manner
that the target low pressure reaches the standard target
value at a point of time when the predetermined period
of time (e.g., 4 minutes) has passed from the start of the
compressor (31).
[0083] Immediately after the start of the compressor
(31), there is a big difference between the measurement
of the low pressure sensor (52) and the standard target
value. Thus, when the target low pressure is not changed
from the standard target value immediately after the start
of the compressor (31), the capacity of the compressor
(31) is abruptly increased to bring the measurement of
the low pressure sensor (52) close to the standard target
value as soon as possible. When the air cooling capability
of the air conditioner (10) is abruptly increased due to
the abrupt increase in capacity of the compressor (31),
the room temperature becomes lower than the set tem-
perature in a relatively short time after the start of the
compressor (31), and the compressor (3 1) has to be
stopped again.
[0084] In contrast, according to the target control value
changing section (66) of the present embodiment, the
target low pressure is set higher than the standard target
value for some time after the start of the compressor (31).
Thus, even immediately after the start of the compressor
(31), a difference between the measurement of the low
pressure sensor (52) and the target low pressure is small-
er than a difference between the measurement and the
target low pressure which is not changed from the stand-
ard target value. This alleviates the abrupt increase in
capacity of the compressor (31) after the start of the com-
pressor (31), thereby gently changing the air cooling ca-
pability of the air conditioner (10). Thus, with the target
low pressure set higher than the standard target value
by the target control value changing section (66) accord-
ing to the present embodiment, the compressor (31),
which would have to be stopped by the compressor con-
trol section (63) when the target low pressure is not
changed from the standard target value, is more likely to
be continuously operated.

<Operation Mechanism in Air Heating Operation>

[0085] In the air heating operation, the target control

value changing section (66) performs operation of forci-
bly changing the target high pressure as the target control
value changing operation. Specifically, when the number
of times the compressor is stopped by the compressor
control section (63) reaches the predetermined number
in the predetermined period of time, the target control
value changing section (66) reduces the target high pres-
sure used in the compressor control section (63) from a
standard target value determined by the target high pres-
sure determining section (62). Then, at a point of time
when the compressor (31) is started, the compressor
control section (63) adjusts the operational capacity of
the compressor (31) using the target high pressure re-
duced by the target control value changing section (66).
Then, the compressor control section (63) gradually in-
creases the target high pressure in such a manner that
the target high pressure reaches the standard target val-
ue at a point of time when a predetermined period of time
(e.g., 4 minutes) has passed from the start of the com-
pressor (31).
[0086] Immediately after the start of the compressor
(31), there is a big difference between the measurement
of the high pressure sensor (51) and the standard target
value. Thus, when the target high pressure is not
changed from the standard target value immediately after
the start of the compressor (31), the capacity of the com-
pressor (31) is abruptly increased to bring the measure-
ment of the high pressure sensor (51) close to the stand-
ard target value as soon as possible. When the air heating
capability of the air conditioner (10) is abruptly increased
due to the abrupt increase in capacity of the compressor
(31), the room temperature exceeds the set temperature
in a relatively short time after the start of the compressor
(31), and the compressor (31) has to be stopped again.
[0087] In contrast, according to the target control value
changing section (66) of the present embodiment, the
target high pressure is set lower than the standard target
value for some period of time after the start of the com-
pressor (31). Thus, even immediately after the start of
the compressor (31), a difference between the measure-
ment of the high pressure sensor (51) and the target high
pressure is smaller than a difference between the meas-
urement and the target high pressure which is not
changed from the standard target value. This alleviates
the abrupt increase in capacity of the compressor (31)
after the start of the compressor (31), thereby gently
changing the air heating capability of the air conditioner
(10). Thus, with the target high pressure set lower than
the standard target value by the target control value
changing section (66) according to the present embodi-
ment, the compressor (31), which would have to be
stopped by the compressor control section (63) when the
target high pressure is not changed from the standard
target value, is more likely to be continuously operated.

-Advantages of Second Embodiment-

[0088] According to the present embodiment, in the air
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conditioner (10) which performs the so-called supercrit-
ical cycle, the possibility that the compressor (31) is
stopped due to the excessive capability of the air condi-
tioner (10) relative to the load can be reduced. Thus,
according to the present embodiment, like in the first em-
bodiment described above, the number of times the com-
pressor (31) is started and stopped for capability adjust-
ment is reduced, thereby reducing power consumed
while the air conditioner (10) is operated, and improving
the operation efficiency of the air conditioner (10).

-Alternative Example of Second Embodiment-

[0089] The compressor control section (63) of the
present embodiment may be configured to use, as a con-
trol parameter in the air cooling operation, evaporating
temperature of the refrigerant in the indoor heat exchang-
er (41, 46) which functions as an evaporator. In the main
controller (60) of this alternative example, the target low
pressure determining section (61) is replaced with a tar-
get evaporating temperature determining section. The
target evaporating temperature determining section de-
termines target evaporating temperature of the refriger-
ant in the indoor heat exchanger (41, 46) based on the
cooling load of the air conditioner (10). Further, as the
target control value changing operation in the air cooling
operation, the target control value changing section (66)
of this alternative example increases the target evapo-
rating temperature used in the compressor control sec-
tion (63) from a standard target value determined by the
target evaporating temperature determining section, and
gradually reduces the target evaporating temperature in
such a manner that the target evaporating temperature
reaches the standard target value at a point of time when
a predetermined period of time has passed after the start
of the compressor (31).

[Third Embodiment of the Invention]

[0090] A third embodiment of the invention will be de-
scribed. The present embodiment is the same as the first
embodiment except that the structure of the main con-
troller (60) of the air conditioner (10) is changed.
[0091] As shown in FIG. 4, the main controller (60) of
the present embodiment includes a gain adjustment sec-
tion (67) in place of the target superheat degree changing
section (65) of the first embodiment. In the main controller
(60) of the present embodiment, the target low pressure
determining section (61), the target high pressure deter-
mining section (62), the compressor control section (63),
and the outdoor expansion valve control section (64) are
operated in the same manner as described in first em-
bodiment.
[0092] The gain adjustment section (67) is configured
to perform gain adjustment operation. In the gain adjust-
ment operation, the gain adjustment section (67) adjusts
a control gain used in the compressor control section (63)
in accordance with a difference between the measure-

ment of the outdoor air temperature sensor (58) (i.e., an
actual measurement of outside temperature) and the set
room temperature.
[0093] In the air cooling operation, the gain adjustment
section (67) compares the measurement of the outdoor
air temperature sensor (58) and the set room tempera-
ture. In the air cooling operation, the cooling load for cool-
ing the room is reduced as a value obtained by subtract-
ing the set room temperature from the measurement of
the outdoor air temperature sensor (58) is reduced.
Therefore, the gain adjustment section (67) sets the con-
trol gain used in the compressor control section (63)
smaller as the value obtained by subtracting the set room
temperature from the measurement of the outdoor air
temperature sensor (58) is smaller.
[0094] In the air cooling operation, the compressor
control section (63) of the present embodiment adjusts
the capacity of the compressor (31) using the small con-
trol gain set by the gain adjustment section (67). Specif-
ically, the compressor control section (63) calculates a
command value for changing a frequency of alternating
current fed to the motor of the compressor (31) using a
difference between the measurement of the low pressure
sensor (52) and the target low pressure, and the control
gain. With the difference between the measurement of
the low pressure sensor (52) and the target low pressure
kept constant, the command value for changing the fre-
quency of the alternating current is reduced as the control
gain is reduced in the compressor control section (63).
[0095] Also in the air heating operation, the gain ad-
justment section (67) compares the measurement of the
outdoor air temperature sensor (58) and the set room
temperature. In the air heating operation, the heating load
for heating the room is reduced as the value obtained by
subtracting the measurement of the outdoor air temper-
ature sensor (58) from the set room temperature is re-
duced. Thus, the gain adjustment section (67) sets the
control gain used in the compressor control section (63)
smaller as the value obtained by subtracting the meas-
urement of the outdoor air temperature sensor (58) from
the set room temperature is smaller.
[0096] In the air heating operation, the compressor
control section (63) of the present embodiment adjusts
the capacity of the compressor (31) using the small con-
trol gain set by the gain adjustment section (67). Specif-
ically, the compressor control section (63) calculates a
command value for changing a frequency of alternating
current fed to the motor of the compressor (31) using a
difference between the measurement of the high pres-
sure sensor (51) and the target high pressure, and the
control gain. With the difference between the measure-
ment of the high pressure sensor (51) and the target high
pressure kept constant, the command value for changing
the frequency of the alternating current is reduced as the
control gain is reduced in the compressor control section
(63).
[0097] When the control gain used in the compressor
control section (63) remains high although the load of the
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air conditioner (10) is reduced, the command value for
changing the frequency of the alternating current ob-
tained based on the difference between the measure-
ment of the low pressure sensor (52) and the target low
pressure, or the difference between the measurement of
the high pressure sensor (51) and the target high pres-
sure is increased. As a result, the capability of the air
conditioner (10) becomes excessive relative to the load,
and the compressor (31) is more likely to be stopped.
[0098] In contrast, the gain adjustment section (67) of
the present embodiment reduces the control gain as the
load of the air conditioner (10) is reduced. Thus, the com-
mand value calculated based on the measurement of the
low pressure sensor (52) or the high pressure sensor
(51), and the control gain is reduced as compared with
the case where the control gain is constant. Therefore,
with the control gain reduced by the gain adjustment sec-
tion (67) according to the present embodiment, the com-
pressor (31), which would have to be stopped by the com-
pressor control section (63) when the control gain is con-
stant, is more likely to be continuously operated.

-Advantages of Third Embodiment-

[0099] According to the present embodiment, in the air
conditioner (10) which performs the so-called supercrit-
ical cycle, the compressor (31) is less likely to be stopped
due to the excessive capability of the air conditioner (10)
relative to the load. Thus, according to the present em-
bodiment, like the first embodiment, the number of times
the compressor (31) is started and stopped for capability
adjustment is reduced, thereby reducing power con-
sumed while the air conditioner (10) is operated, and im-
proving the operation efficiency of the air conditioner (10).

INDUSTRIAL APPLICABILITY

[0100] As described above, the present invention is
useful for a refrigeration apparatus which performs a re-
frigeration cycle in which high pressure is set higher than
critical pressure of the refrigerant.

Claims

1. A refrigeration apparatus comprising:

a refrigerant circuit (20) which includes a com-
pressor (31), an expansion mechanism (34, 42,
47), a heat source-side heat exchanger (33),
and a utilization-side heat exchanger (41, 46)
connected thereto, and performs a refrigeration
cycle in which high pressure is set higher than
critical pressure of a refrigerant; and
a control means (80) which controls the com-
pressor (31) and the expansion mechanism (34,
42, 47), wherein
the control means (80) is configured to performs

capacity control operation of adjusting capacity
of the compressor (31) in such a manner that a
physical value representing an operating state
of the refrigeration cycle performed by the re-
frigerant circuit (20) reaches a target control val-
ue,
flow rate control operation of adjusting a flow
rate of the refrigerant passing through the ex-
pansion mechanism (34, 42, 47) in such a man-
ner that a degree of superheat of the refrigerant
flowing from one of the heat source-side heat
exchanger (33) and the utilization-side heat ex-
changer (41, 46) which functions as an evapo-
rator to the compressor (31) reaches a target
degree of superheat, and
a target superheat degree changing operation
of forcibly increasing the target degree of super-
heat when the compressor (13) is stopped by
the capacity control operation.

2. The refrigeration apparatus comprising:

a refrigerant circuit (20) which includes a com-
pressor (31), an expansion mechanism (34, 42,
47), a heat source-side heat exchanger (33),
and a utilization-side heat exchanger (41, 46)
connected thereto, and performs a refrigeration
cycle in which high pressure is set higher than
critical pressure of a refrigerant; and
a control means (80) which controls the com-
pressor (31),
the refrigeration apparatus performing at least
cooling operation in which the heat source-side
heat exchanger (33) functions as a gas cooler,
and the utilization-side heat exchanger (41, 46)
functions as an evaporator, wherein
the control means (80) is configured to perform
capacity control operation of adjusting capacity
of the compressor (31) in such a manner that a
control parameter, which is evaporating temper-
ature of the refrigerant in the utilization-side heat
exchanger (41, 46), or low pressure of the re-
frigeration cycle performed by the refrigerant cir-
cuit (20), reaches a target control value, and
target control value changing operation of grad-
ually reducing the target control value after the
compressor (31) is started in such a manner that
the target control value reaches a predeter-
mined standard target value after a predeter-
mined period of time from the start of the com-
pressor (31).

3. The refrigeration apparatus comprising:

a refrigerant circuit (20) which includes a com-
pressor (31), an expansion mechanism (34, 42,
47), a heat source-side heat exchanger (33),
and a utilization-side heat exchanger (41, 46)
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connected thereto, and performs a refrigeration
cycle in which high pressure is set higher than
critical pressure of a refrigerant; and
a control means (80) which controls the com-
pressor (31),
the refrigeration apparatus performing at least
heating operation in which the utilization-side
heat exchanger (41, 46) functions as a gas cool-
er, and the heat source-side heat exchanger
(33) functions as an evaporator, wherein
the control means (80) is configured to perform
capacity control operation of adjusting capacity
of the compressor (31) in such a manner that a
control parameter, which is high pressure of the
refrigeration cycle performed by the refrigerant
circuit (20), reaches a target control value, and
target control value changing operation of grad-
ually increasing the target control value after the
compressor (31) is started in such a manner that
the target control value reaches a predeter-
mined standard target value after a predeter-
mined period of time from the start of the com-
pressor (31).

4. The refrigeration apparatus comprising:

a refrigerant circuit (20) which includes a com-
pressor (31), an expansion mechanism (34, 42,
47), a heat source-side heat exchanger (33),
and a utilization-side heat exchanger (41, 46)
connected thereto, and performs a refrigeration
cycle in which high pressure is set higher than
critical pressure of a refrigerant; and
a control means (80) which controls the com-
pressor (31), wherein
the control means (80) is configured to perform
capacity control operation of adjusting capacity
of the compressor (31) based on a command
value calculated using a physical value repre-
senting an operating state of the refrigeration
cycle performed by the refrigerant circuit (20),
and a control gain in such a manner that the
physical value reaches a target control value,
and
gain adjustment operation of reducing the con-
trol gain as a load of the refrigeration apparatus
is reduced.
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