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REFRGERATION DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a refrigeration 
device, and particularly relates to a refrigeration device in 
which the refrigerant attains a Supercritical state during the 
refrigeration cycle. 

BACKGROUND ART 

0002 Conventional refrigeration devices are widely 
known that are provided with a refrigerant circuit in which a 
compressor, a radiator, a first expansion valve, a liquid 
receiver, a second expansion valve, and an evaporator are 
connected in sequence (see Patent Document 1, for example). 
0003 <Patent Document 1 > 
0004 Japanese Laid-open Patent Application No. 
10-115470 (page 4, fifth column, line 12 through page 5, 
seventh column, line 39; FIG. 3) 

DISCLOSURE OF THE INVENTION 

Technical Problem 

0005. In a case in which carbon dioxide or another super 
critical refrigerant is used as a refrigerant in the refrigerant 
circuit of Such a refrigeration device, when the refrigerant 
(hereinafter referred to as the high-pressure-side refrigerant) 
that flows from the refrigerant discharge side of the compres 
sor to the refrigerant inflow side of the first expansion valve 
has been in a Subcritical state since the time operation was 
started, the high-pressure-side refrigerant sometimes transi 
tions from a Supercritical state to a subcritical state when the 
refrigerant flowing into the radiator has a low temperature, 
and at other times. When supercooling of the refrigerant that 
flows out from the radiator is insufficient in this state in which 
the high-pressure-side refrigerant is in a Subcritical state, the 
refrigerant that flows out from the first expansion valve attains 
a gas-liquid two-phase state, and it is difficult to control the 
refrigerant level in the liquid receiver. 
0006 An object of the present invention is to enable the 
refrigerant level in the liquid receiver to be stably controlled 
even when the high-pressure-side refrigerant is in a Subcriti 
cal state in a refrigeration device Such as the one described 
above. 

Solution to Problem 

0007. A refrigeration device according to a first aspect of 
the present invention comprises a compression mechanism, a 
radiator, a first expansion mechanism, a liquid receiver, a 
second expansion mechanism, an evaporator, and a control 
unit. The compression mechanism compresses a refrigerant. 
The radiatoris connected to a refrigerant discharge side of the 
compression mechanism. The first expansion mechanism is 
connected to an exit side of the radiator. The liquid receiver is 
connected to a refrigerant outflow side of the first expansion 
mechanism. The second expansion mechanism is connected 
to an exit side of the liquid receiver. The evaporator is con 
nected to a refrigerant outflow side of the second expansion 
mechanism and to a refrigerant intakeside of the compression 
mechanism. The control unit minimizes the degree of pres 
Sure reduction by the first expansion mechanism when the 
refrigerant (hereinafter referred to as high-pressure-side 
refrigerant) that flows from the refrigerant discharge side of 
the compression mechanism to a refrigerant inflow side of the 
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first expansion mechanism has undergone a transition from a 
Supercritical state to a Subcritical state. 
0008. In this refrigeration device, the control unit mini 
mizes the degree of pressure reduction by the first expansion 
mechanism when the high-pressure-side refrigerant has 
undergone a transition from a Supercritical state to a Subcriti 
cal state. Therefore, the refrigerant that flows out from the first 
expansion mechanism can be made to approach a saturated 
state even when the high-pressure-side refrigerant has under 
gone a transition from a Supercritical state to a Subcritical 
state in this refrigeration device. Consequently, by adopting 
an appropriate expansion mechanism (in the case of an expan 
sion valve, an expansion valve that has an appropriate maxi 
mum degree of opening) in this refrigeration device, it is 
possible to place the refrigerant that flows out from the first 
expansion mechanism into a near-saturated State even when 
the high-pressure-side refrigerant has undergone a transition 
from a supercritical state to a subcritical state. It is thereby 
possible in this refrigeration device to stably control the level 
of refrigerant in the liquid receiver even when the high-pres 
Sure-side refrigerant has undergone a transition from a Super 
critical state to a Subcritical state. 
0009. A refrigeration device according to a second aspect 
of the present invention is the refrigeration device according 
to the first aspect of the present invention, wherein the first 
expansion mechanism is a first expansion valve. The control 
unit fully opens the first expansion valve when the refrigerant 
that flows from the refrigerant discharge side of the compres 
sion mechanism to the refrigerant inflow side of the first 
expansion mechanism has undergone a transition from a 
Supercritical state to a Subcritical state. 
0010. In this refrigeration device, the control unit fully 
opens the first expansion valve when the refrigerant that flows 
from the refrigerant discharge side of the compression 
mechanism to the refrigerant inflow side of the first expansion 
mechanism has undergone a transition from a Supercritical 
state to a subcritical state. Therefore, the refrigerant that flows 
out from the first expansion valve can be made to approach a 
saturated State even when the high-pressure-side refrigerant 
has undergone a transition from a Supercritical state to a 
Subcritical state in this refrigeration device. Consequently, by 
adopting an expansion valve that has an appropriate maxi 
mum degree of opening as the first expansion valve in this 
refrigeration device, it is possible to place the refrigerant that 
flows out from the first expansion mechanism into a near 
saturated State even when the high-pressure-side refrigerant 
has undergone a transition from a Supercritical state to a 
subcritical state. It is thereby possible in this refrigeration 
device to stably control the level of refrigerant in the liquid 
receiver even when the high-pressure-side refrigerant has 
undergone a transition from a Supercritical state to a Subcriti 
cal state. 
0011. A refrigeration device according to a third aspect of 
the present invention is the refrigeration device according to 
the first aspect of the present invention, further comprising a 
pressure detector. The pressure detector is provided between 
the refrigerant discharge side of the compression mechanism 
and the refrigerant inflow side of the first expansion mecha 
nism. The control unit minimizes the degree of pressure 
reduction by the first expansion mechanism when the pres 
Sure detected by the pressure detector is equal to or less than 
a predetermined pressure. The “predetermined pressure' 
referred to herein is the pressure at which the refrigerant 
attains a Subcritical state. 
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0012. In this refrigeration device, the control unit mini 
mizes the degree of pressure reduction by the first expansion 
mechanism when the pressure detected by the pressure detec 
tor is equal to or less than a predetermined pressure. It is 
therefore possible to easily determine whether the high-pres 
Sure-side refrigerant is in a Subcritical state in this refrigera 
tion device. 
0013. A refrigeration device according to a fourth aspect 
of the present invention is the refrigeration device according 
to the third aspect of the present invention, wherein the first 
expansion mechanism is a first expansion valve. The control 
unit fully opens the first expansion valve when the pressure 
detected by the pressure detector is equal to or less than a 
predetermined pressure. 
0014. In this refrigeration device, the control unit fully 
opens the first expansion valve when the pressure detected by 
the pressure detector is equal to or less than a predetermined 
pressure. It is therefore possible to easily determine whether 
the high-pressure-side refrigerant is in a Subcritical State in 
this refrigeration device. 
0015. A refrigeration device according to a fifth aspect of 
the present invention is the refrigeration device according to 
the first aspect of the present invention, further comprising a 
first temperature detector and a second temperature detector. 
The first temperature detector is provided to a first specific 
region of the radiator. The term “first specific region” refers to 
a region in which the high-pressure-side refrigerant is in a 
gas-liquid two-phase state when the high-pressure-side 
refrigerant has undergone a transition to a subcritical state. 
The second temperature detector is provided to the first spe 
cific region of the radiator. The control unit minimizes the 
degree of pressure reduction by the first expansion mecha 
nism when the difference between the temperature detected 
by the first temperature detector and the temperature detected 
by the second temperature detector is equal to or less than a 
predetermined threshold value. 
0016. In this refrigeration device, the control unit mini 
mizes the degree of pressure reduction by the first expansion 
mechanism when the difference between the temperature 
detected by the first temperature detector and the temperature 
detected by the second temperature detector is equal to or less 
than a predetermined threshold value. It is therefore possible 
to easily determine whether the high-pressure-side refriger 
ant is in a Subcritical state in this refrigeration device. 
0017. A refrigeration device according to a sixth aspect of 
the present invention is the refrigeration device according to 
the fifth aspect of the present invention, wherein the first 
expansion mechanism is a first expansion valve. The control 
unit fully opens the first expansion valve when the difference 
between the temperature detected by the first temperature 
detector and the temperature detected by the second tempera 
ture detector is equal to or less than a predetermined threshold 
value. 
0018. In this refrigeration device, the control unit fully 
opens the first expansion valve when the difference between 
the temperature detected by the first temperature detector and 
the temperature detected by the second temperature detector 
is equal to or less than a predetermined threshold value. It is 
therefore possible to easily determine whether the high-pres 
Sure-side refrigerant is in a Subcritical state in this refrigera 
tion device. 
0019. A refrigeration device according to a seventh aspect 
of the present invention is the refrigeration device according 
to the first aspect of the present invention, further comprising 
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a third temperature detector. The third temperature detector is 
provided to a second specific region of the radiator. The term 
'second specific region” refers to a region in which the high 
pressure-side refrigerant does not attain a temperature equal 
to or lower than the critical temperature when the high-pres 
Sure-side refrigerant is in a Supercritical state, and in which 
the high-pressure-side refrigerant attains the saturation tem 
perature when the high-pressure-side refrigerant is in a Sub 
critical state. The control unit minimizes the degree of pres 
Sure reduction by the first expansion mechanism when the 
temperature detected by the third temperature detector is 
equal to or less than the critical temperature of the refrigerant. 
0020. In this refrigeration device, the control unit mini 
mizes the degree of pressure reduction by the first expansion 
mechanism when the temperature detected by the third tem 
perature detector is equal to or less than the critical tempera 
ture of the refrigerant. It is therefore possible to easily deter 
mine whether the high-pressure-side refrigerant is in a 
subcritical state in this refrigeration device. 
0021. A refrigeration device according to an eighth aspect 
of the present invention is the refrigeration device according 
to the seventh aspect of the present invention, wherein the first 
expansion mechanism is a first expansion valve. The control 
unit fully opens the first expansion valve when the tempera 
ture detected by the third temperature detector is equal to or 
less than the critical temperature of the refrigerant. 
0022. In this refrigeration device, the control unit fully 
opens the first expansion valve when the temperature detected 
by the third temperature detector is equal to or less than the 
critical temperature of the refrigerant. It is therefore possible 
to easily determine whether the high-pressure-side refriger 
ant is in a Subcritical state in this refrigeration device. 

ADVANTAGEOUSEFFECTS OF INVENTION 

0023. In the refrigeration device according to the first 
aspect, the refrigerant that flows out from the first expansion 
mechanism can be made to approach a saturated State even 
when the high-pressure-side refrigeranthas undergone a tran 
sition from a Supercritical state to a Subcritical state. Conse 
quently, by adopting an appropriate expansion mechanism (in 
the case of an expansion valve, an expansion valve that has an 
appropriate maximum degree of opening) in this refrigeration 
device, it is possible to place the refrigerant that flows out 
from the first expansion mechanism into a near-saturated State 
even when the high-pressure-side refrigerant has undergone a 
transition from a Supercritical state to a Subcritical state. It is 
thereby possible in this refrigeration device to stably control 
the level of refrigerant in the liquid receiver even when the 
high-pressure-side refrigerant has undergone a transition 
from a Supercritical state to a Subcritical state. 
0024. In the refrigeration device according to the second 
aspect, the refrigerant that flows out from the first expansion 
valve can be made to approach a saturated State even when the 
high-pressure-side refrigerant has undergone a transition 
from a Supercritical state to a Subcritical state. Consequently, 
by adopting an expansion valve that has an appropriate maxi 
mum degree of opening as the first expansion valve in this 
refrigeration device, it is possible to place the refrigerant that 
flows out from the first expansion mechanism into a near 
saturated State even when the high-pressure-side refrigerant 
has undergone a transition from a Supercritical state to a 
subcritical state. It is thereby possible in this refrigeration 
device to stably control the level of refrigerant in the liquid 
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receiver even when the high-pressure-side refrigerant has 
undergone a transition from a Supercritical state to a Subcriti 
cal state. 
0025. In the refrigeration device according to the third 
through eighth aspects, it is possible to easily determine 
whether the high-pressure-side refrigerant is in a Subcritical 
State. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 is a diagram showing the refrigerant circuit of 
an air conditioning device according to an embodiment of the 
present invention. 
0027 FIG. 2 is a diagram for describing control of the first 
electric expansion valve when the high-pressure-side refrig 
erant is in a Supercritical state in the air conditioning device 
according to an embodiment of the present invention. 
0028 FIG. 3 is a diagram for describing a state in which 
the high-pressure-side refrigerant is in a Subcritical State in 
the air conditioning device according to an embodiment of the 
present invention. 
0029 FIG. 4 is a diagram for describing control of the first 
electric expansion valve when the high-pressure-side refrig 
erant is in a Subcritical state in the air conditioning device 
according to an embodiment of the present invention. 
0030 FIG.5 is a diagram showing the refrigerant circuit of 
the air conditioning device according to Modification (A). 
0031 FIG. 6 is a diagram for describing control of the first 
electric expansion valve when the high-pressure-side refrig 
erant is in a supercritical state in the air conditioning device 
according to Modification (B). 
0032 FIG. 7 is a diagram for describing a state in which 
the high-pressure-side refrigerant is in a Subcritical State in 
the air conditioning device according to Modification (B). 
0033 FIG. 8 is a diagram for describing g control of the 

first electric expansion valve when the high-pressure-side 
refrigerant is in a Subcritical state in the air conditioning 
device according to Modification (B). 

EXPLANATION OF THE REFERENCE 
NUMERALSFSYMBOLSASIGNS 

0034) 1, 101 air conditioning device (refrigeration 
device) 

0035) 11 compressor (compression mechanism) 
0036 13 outdoor heat exchanger 
0037 15 first electric expansion valve (first expansion 
mechanism) 

0038 16 liquid receiver 
0039) 17, 33a, 33b second electric expansion valve 
(second expansion mechanism) 

0040 21 high-pressure sensor (pressure detector) 
0041 23 control device 
0042 31, 31a, 31b indoor heat exchanger 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Structure of Air Conditioning Device 

0043 FIG. 1 is a schematic view of the refrigerant circuit 
2 of the air conditioning device 1 according to an embodiment 
of the present invention. 
0044) This air conditioning device 1 is an air conditioning 
device that is capable of cooling operation and heating opera 
tion using carbon dioxide as the refrigerant, and is primarily 
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composed of a refrigerant circuit 2, blower fans 26, 32, a 
control device 23, a high-pressure sensor 21, an intermediate 
pressure sensor 24, a temperature sensor 22, and other com 
ponents. 
0045. The refrigerant circuit 2 is equipped primarily with 
a compressor 11, a four-way Switch valve 12, an outdoor heat 
exchanger 13, a first electric expansion valve 15, a liquid 
receiver 16, a second electric expansion valve 17, and an 
indoor heat exchanger 31, and the devices are connected via 
a refrigerant pipe, as shown in FIG. 1. 
0046. In the present embodiment, the air conditioning 
device 1 is a separate-type air conditioning device, and can 
also be described as comprising an indoor unit 30 primarily 
having the indoor heat exchanger 31 and an indoor fan 32; an 
outdoor unit 10 primarily having the compressor 11, the four 
way switch valve 12, the outdoor heat exchanger 13, the first 
electric expansion valve 15, the liquid receiver 16, the second 
electric expansion valve 17, the high-pressure sensor 21, the 
temperature sensor 22, and the control device 23; a first con 
necting pipe 41 for connecting the pipe for refrigerant fluid 
and the like of the indoor unit 30 and the pipe for refrigerant 
fluid and the like of the outdoor unit 10; and a second con 
necting pipe 42 for connecting the pipe for refrigerant gas and 
the like of the indoor unit 30 and the pipe for refrigerant gas 
and the like of the outdoor unit 10. The first connecting pipe 
41 and the pipe for refrigerant fluid and the like of the outdoor 
unit 10 are connected via a first close valve 18 of the outdoor 
unit 10, and the second connecting pipe 42 and the pipe for 
refrigerant gas and the like of the outdoor unit 10 are con 
nected via a second close valve 19 of the outdoor unit 10. 

0047 (1) Indoor Unit 
0048. The indoor unit 30 primarily has the indoor heat 
exchanger 31, the indoor fan 32, and other components. 
0049. The indoor heat exchanger 31 is a heat exchanger for 
exchanging heat between the refrigerant and the indoor air, 
which is the air inside the room to be air-conditioned. 

0050. The indoor fan 32 is a fan for taking the air inside the 
air-conditioned room into the unit 30 and blowing condi 
tioned air, which is the air after heat exchange with the refrig 
erant via the indoor heat exchanger 31, back into the air 
conditioned room. 
0051 Employing such a configuration makes it possible 
for the indoor unit 30 to cause heat to be exchanged between 
the indoor air taken in by the indoor fan 32 and the liquid 
refrigerant that flows through the indoor heat exchanger 31, 
and generate conditioned air (cool air) during cooling opera 
tion, as well as to cause heat to be exchanged between the 
indoor air taken in by the indoor fan 32 and supercritical 
refrigerant that flows through the indoor heat exchanger 31, 
and generate conditioned air (warm air) during heating opera 
tion. 

0052 (2) Outdoor Unit 
0053. The outdoor unit 10 primarily has the compressor 
11, the four-way switch valve 12, the outdoor heat exchanger 
13, the first electric expansion valve 15, the liquid receiver 16, 
the second electric expansion valve 17, an outdoor fan 26, the 
control device 23, the high-pressure sensor 21, the interme 
diate-pressure sensor 24, the temperature sensor 22, and other 
components. 
0054 The compressor 11 is a device for sucking in low 
pressure refrigerant gas flowing through an intake pipe and 
compressing the refrigerant gas to a Supercritical state, and 
then discharging the refrigerant to a discharge pipe. 
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0055. The four-way switch valve 12 is a valve for switch 
ing the flow direction of the refrigerant in accordance with 
each operation mode, and is capable of connecting the dis 
charge side of the compressor 11 and the high-temperature 
side of the outdoor heat exchanger 13, and connecting the 
intakeside of the compressor 11 and the gas side of the indoor 
heat exchanger 31 during cooling operation; as well as con 
necting the discharge side of the compressor 11 and the sec 
ond close valve 19, and connecting the intake side of the 
compressor 11 and the gas side of the outdoor heat exchanger 
13 during heating operation. 
0056. The outdoor heat exchanger 13 is capable of cooling 
the high-pressure Supercritical refrigerant discharged from 
the compressor 11 using the air outside the air-conditioned 
room as a heat source during cooling operation, and evapo 
rating the liquid refrigerant returning from the indoor heat 
exchanger 31 during heating operation. 
0057 The first electric expansion valve 15 reduces the 
pressure of the Supercritical refrigerant (during cooling 
operation) that flows out from the low-temperature side of the 
outdoor heat exchanger 13, or the liquid refrigerant (during 
heating operation) that flows in through the liquid receiver 16. 
0058. The liquid receiver 16 stores refrigerant that occurs 
as excess depending on the operating mode or the air condi 
tioning load. 
0059. The second electric expansion valve 17 reduces the 
pressure of the liquid refrigerant (during cooling operation) 
that flows in through the liquid receiver 16, or the supercriti 
cal refrigerant (during heating operation) that flows out from 
the low-temperature side of the indoor heat exchanger 31. 
0060. The outdoor fan 26 is a fan for taking the outdoor air 
into the unit 10 and discharging the air after heat exchange 
with the refrigerant via the outdoor heat exchanger 13. 
0061 The high-pressure sensor 21 is provided to the dis 
charge side of the compressor 11. 
0062. The temperature sensor 22 is provided on the out 
door heat exchanger side of the first electric expansion valve 
15. 
0063. The intermediate-pressure sensor 24 is provided 
between the first electric expansion valve 15 and the liquid 
receiver 16. 

0064. The control device 23 has a communication connec 
tion with the high-pressure sensor 21, the intermediate-pres 
sure sensor 24, the temperature sensor 22, the first electric 
expansion valve 15, the second electric expansion valve 17, 
and other components, and controls the degree of opening of 
the first electric expansion valve 15 and the second electric 
expansion valve 17 on the basis of temperature information 
transmitted from the temperature sensor 22, high-pressure 
information transmitted from the high-pressure sensor 21, 
and intermediate-pressure information transmitted from the 
intermediate-pressure sensor 24. Control of the degree of 
opening of the first electric expansion valve 15 and the second 
electric expansion valve 17 will be described in detail using 
Mollier diagram. 
0065. When the high pressure information transmitted 
from the high-pressure sensor 21 indicates a pressure equal to 
or above the supercritical pressure, the control device 23 
determines that the refrigerant (hereinafter referred to as 
high-pressure-side refrigerant) that flows from the refrigerant 
discharge side of the compressor 11 to the refrigerant inflow 
side of the first electric expansion valve 15 is in a supercritical 
state, and performs first liquid receiver level control and 
Superheating degree control. Since the high-pressure sensor 
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21 is disposed on the discharge side of the compressor 11, and 
the temperature sensor 22 is disposed on the outdoor heat 
exchanger side of the first electric expansion valve 15 in the 
air conditioning device 1 of the present embodiment, the 
saturation pressure of the refrigerant that flows out from the 
first electric expansion valve 15 can be calculated using a 
Mollier diagram (see FIG. 2). Therefore, during first liquid 
receiver level control in this air conditioning device 1, the 
control device 23 appropriately adjusts the degree of opening 
of the first electric expansion valve 15 and the second electric 
expansion valve 17 so that the refrigerant that has flowed out 
from the first electric expansion valve 15 is in the state of 
point Do in FIG. 2; i.e., so that the value indicated by the 
intermediate-pressure sensor 24 corresponds to the Saturation 
pressure calculated as described above. In FIG. 2, A->Bo 
indicates the compression stroke, Bo eCo indicates the cool 
ing stroke, Co->Do indicates the first expansion stroke (pres 
sure reduction by the first electric expansion valve 15), 
Do eEo indicates the second expansion stroke (pressure 
reduction by the second electric expansion valve 17), and 
Eos Ao indicates the evaporation stroke. Also, K indicates a 
critical point, and Tm indicates an isothermal line. At this 
time, since the degree of Superheating is also controlled at the 
same time, the control device 23 concurrently controls the 
degree of opening of the second electric expansion valve 17. 
In the present embodiment, the control device 23 controls the 
first electric expansion valve 15 and the second electric 
expansion valve 17 so that the pressure indicated by the 
intermediate-pressure sensor 24 is equal to or lower than the 
pressure of critical pressure (MPa)-0.3 (MPa)}. The pres 
sure of critical pressure (MPa)-0.3 (MPa)} is determined in 
the following manner. The results of tests performed by the 
inventors show that the pressure (hereinafter referred to as the 
intermediate pressure) between the first electric expansion 
valve 15 and the second electric expansion valve 17 can be 
controlled to within a range of about+0.1 MPa from the target 
value in the case of the refrigerant. In order to prevent the 
intermediate pressure from coming near the critical point, the 
target value of the intermediate pressure is preferably the 
critical pressure (MPa)-0.3 (MPa), with a safety factor of 3. 
0066. When the high-pressure-side refrigerant attains a 
subcritical state, the control device 23 performs second liquid 
receiver level control at the same time as Superheating degree 
control. When the high-pressure-side refrigerant attains a 
Subcritical state, the refrigeration cycle is a refrigeration cycle 
such as the one indicated by the solid line in FIG. 3. The 
refrigeration cycle indicated by the dashed line in FIG.3 is the 
refrigeration cycle shown in FIG. 2, i.e., the refrigeration 
cycle that occurs when the high-pressure-side refrigerant is in 
a Supercritical state. As is apparent from FIG. 3, the pressure 
significantly decreases when the high-pressure-side refriger 
ant attains a subcritical state. When the control device 23 in 
this state requires the same degree of opening of the first 
electric expansion valve 15 as during the first liquid receiver 
level control, the refrigeration cycle becomes 
A->B->C->D->E->A, the refrigerant that flows out 
from the first electric expansion valve 15 attains a gas-liquid 
two-phase state, and it becomes essentially impossible to 
stabilize the level of refrigerant stored in the liquid receiver 
16. Therefore, when the high-pressure information transmit 
ted from the high-pressure sensor 21 indicates a pressure that 
is less than the critical pressure, i.e., when the high-pressure 
side refrigerant is in a subcritical state, the control device 23 
performs the second liquid receiver level control in which the 
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first electric expansion valve 15 is fully opened. The refrig 
eration cycle is then the refrigeration cycle indicated by the 
solid line in FIG. 4. The refrigeration cycle indicated by the 
dashed line in FIG. 4 is the refrigeration cycle shown in FIG. 
2, i.e., the refrigeration cycle that occurs when the high 
pressure-side refrigerant is in a Supercritical state. Specifi 
cally, since the refrigeration cycle is 
A->B->C->D->E->A, the refrigerant that flows out 
from the first electric expansion valve 15 is in a near-saturated 
state. In this air conditioning device 1, the refrigerant level in 
the liquid receiver is stably controlled in this manner during 
cooling operation. 

Operation of the Air Conditioning Device 
0067. The operation of the air conditioning device 1 will 
be described using FIG. 1. This air conditioning device 1 is 
capable of cooling operation and heating operation, as 
described above. 
0068 (1) Cooling Operation 
0069. During cooling operation, the four-way switch 
valve 12 is in the state indicated by the solid line in FIG.1, i.e., 
a state in which the discharge side of the compressor 11 is 
connected to the high-temperature side of the outdoor heat 
exchanger 13, and the intake side of the compressor 11 is 
connected to the second close valve 19. The first close valve 
18 and the second close valve 19 are also open at this time. 
0070. When the compressor 11 is activated in this state of 
the refrigerant circuit 2, the refrigerant gas is Sucked into the 
compressor 11 and compressed to a Supercritical state, and 
then sent through the four-way switch valve 12 to the outdoor 
heat exchanger 13 and cooled in the outdoor heat exchanger 
13. 
0071. This cooled supercritical refrigerant is sent to the 

first electric expansion valve 15. The supercritical refrigerant 
sent to the first electric expansion valve 15 is depressurized to 
a saturated State, and then sent to the second electric expan 
sion valve 17 via the liquid receiver 16. The refrigerant in a 
saturated state sent to the second electric expansion valve 17 
is depressurized to liquid refrigerant, and then fed to the 
indoor heat exchanger 31 via the first close valve 18, where 
the refrigerant cools the indoor air and evaporates into refrig 
erant gas. 
0072 The refrigerant gas is again sucked into the com 
pressor 11 via the second close valve 19, the internal heat 
exchanger 14, and the four-way Switch valve 12. Cooling 
operation is performed in this manner. The control device 23 
performs the control described above in this cooling opera 
tion. 
0073 (2) Heating Operation 
0074. During heating operation, the four-way switch valve 
12 is in the state indicated by the dashed line in FIG. 1, i.e., a 
state in which the discharge side of the compressor 11 is 
connected to the second close valve 19, and the intake side of 
the compressor 11 is connected to the gas side of the outdoor 
heat exchanger 13. The first close valve 18 and the second 
close valve 19 are also open at this time. 
0075 When the compressor 11 is activated in this state of 
the refrigerant circuit 2, the refrigerant gas is Sucked into the 
compressor 11 and compressed to a Supercritical state, and 
then is fed to the indoor heat exchanger 31 via the four-way 
switch valve 12 and the second close valve 19. 
0076. The supercritical refrigerant heats the indoor air, 
and is cooled in the indoor heat exchanger 31. The cooled 
Supercritical refrigerant is sent through the first close valve to 
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the second electric expansion valve 17. The supercritical 
refrigerant sent to the second electric expansion valve 17 is 
depressurized to a saturated State, and then sent to the first 
electric expansion valve 15 via the liquid receiver 16. The 
refrigerant in a saturated State sent to the first electric expan 
sion valve 15 is depressurized to liquid refrigerant, and then 
sent to the outdoor heat exchanger 13 via the internal heat 
exchanger 14 and evaporated to refrigerant gas in the outdoor 
heat exchanger 13. This refrigerant gas is again Sucked into 
the compressor 11 via the four-way switch valve 12. Heating 
operation is performed in this manner. 

Characteristics of the Air Conditioning Device 
0077. In the air conditioning device 1 according to the 
present embodiment, the control device 23 is capable of fully 
opening the first electric expansion valve 15 and placing the 
refrigerant that flows out from the first electric expansion 
valve 15 in a near-saturated state when the high-pressure 
information transmitted from the high-pressure sensor 21 
indicates a pressure that is less than the critical pressure, i.e., 
when the high-pressure-side refrigerant is in a Subcritical 
state. The refrigerant level in the liquid receiver can therefore 
be stably controlled even when the high-pressure-side refrig 
erant is in a Subcritical state. 

Modifications 

0078 (A) 
0079. In the embodiment described above, the invention of 
the present application is applied to a separate-type air con 
ditioning device 1 in which one indoor unit 30 is provided for 
one outdoor unit 10, but the invention of the present applica 
tion may also be applied to a multi-type air conditioning 
device 101 in which a plurality of indoor units is provided for 
one outdoor unit, such as shown in FIG.5. In FIG. 5, the same 
reference numerals are used to refer to components that are 
the same as those of the air conditioning device 1 according to 
the embodiment described above. In FIG. 5, the reference 
numeral 102 refers to a refrigerant circuit, 110 refers to an 
outdoor unit, 130a and 130b refer to indoor units, 31a and 31b 
refer to indoor heat exchangers, 32a and 32b refer to indoor 
fans, 33a and 33b refer to second electric expansion valves, 
34a and 34b refer to indoor control devices, and 141 and 142 
refer to connecting ducts. In this case, the control device 23 
controls the second electric expansion valves 33a, 33b via the 
indoor control devices 34a, 34b. The second electric expan 
sion valves 33a,33barehoused in the indoor units 130a, 130b 
in the present modification, but the second electric expansion 
valves 33a, 33b may also be housed in the outdoor unit 110. 
0080 (B) 
I0081. In the air conditioning device 1 according to the 
embodiment described above, although not particularly men 
tioned in the above description, a Supercooling heat 
exchanger (which may be an internal heat exchanger) may be 
provided between the liquid receiver 16 and the second elec 
tric expansion valve 17. In this case, in the first liquid receiver 
level control, the degree of opening of the first electric expan 
sion valve 15 is controlled by the control device 23 so that a 
refrigeration cycle such as the one shown in FIG. 6 is 
executed. In FIG.6, A->Bo indicates the compression stroke, 
Bo->Co indicates the cooling stroke, Co->Do indicates the 
first expansion stroke (pressure reduction by the first electric 
expansion valve 15), D >F indicates the Supercooling 
stroke (cooling by the Supercooling heat exchanger), Foe E. 
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indicates the second expansion stroke (pressure reduction by 
the second electric expansion valve 17), and E->A indicates 
the evaporation stroke. Also, K indicates a critical point, and 
Tm indicates an isothermal line. In other words, in this first 
liquid receiver level control, the control device 23 controls the 
degree of opening of the first electric expansion valve 15 so 
that the refrigerant that flows out from the first electric expan 
sion valve 15 attains a saturated state. 
0082 In the second liquid receiver level control, the refrig 
eration cycle is a refrigeration cycle Such as indicated by the 
solid line in FIG. 7, and when the control device 23 in this 
state requires the same degree of opening of the first electric 
expansion valve 15 as during the liquid receiver level control, 
the refrigeration cycle becomes 
A->B->C->D->F->E->A, the refrigerant that flows 
out from the first electric expansion valve 15 attains a gas 
liquid two-phase state, and it becomes essentially impossible 
to stabilize the level of refrigerant stored in the liquid receiver 
16. Therefore, when the high-pressure information transmit 
ted from the high-pressure sensor 21 indicates a pressure that 
is less than the critical pressure, i.e., when the high-pressure 
side refrigerant is in a subcritical state, the control device 23 
causes the first electric expansion valve 15 to be fully open. 
The refrigeration cycle is then the refrigeration cycle indi 
cated by the solid line in FIG.8. Specifically, since the refrig 
eration cycle is A->B->C->Do->Fo->E->A, the refrig 
erant that flows out from the first electric expansion valve 15 
is in a near-saturated State. In this air conditioning device 1, 
the refrigerant level in the liquid receiver is stably controlled 
in this manner during cooling operation. 
0083) (C) 
0084. In the air conditioning device 1 according to the 
embodiment described above, the first electric expansion 
valve 15, the liquid receiver 16, the second electric expansion 
valve 17, and other components are disposed in the outdoor 
unit 10, but the positioning of these components is not par 
ticularly limited. For example, the second electric expansion 
valve 17 may be disposed in the indoor unit 30. 
0085 (D) 
I0086. An electric expansion valve is used as the means for 
reducing the pressure of the refrigerant in the air conditioning 
device 1 according to the embodiment described above, but 
an expansion device or the like may instead be used. 
I0087 (E) 
0088 Although not particularly mentioned in the air con 
ditioning device 1 according to the embodiment described 
above, the liquid receiver 16 and the intake pipe of the com 
pressor 11 may be connected to form a gas release circuit. In 
this case, an electric expansion valve, an electromagnetic 
valve, or the like is preferably provided to the gas release 
circuit. 

I0089 (F) 
0090 The intermediate-pressure sensor 24 is provided in 
the air conditioning device 1 according to the embodiment 
described above, but the intermediate-pressure sensor 24 may 
also be omitted. In this case, during the first liquid receiver 
level control, the total degree of opening of the first electric 
expansion valve 15 and the second electric expansion valve 
17 may be expressed as a function in advance using the degree 
of Superheating in the intake pipe of the compressor 11 as the 
variable, for example, or a control table may be created that 
shows the relationship of the total degree of opening and the 
degree of Superheating, and the ratio of the degree of opening 
of the first electric expansion valve 15 and the second electric 
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expansion valve 17 may thereby be expressed as a function in 
advance using the high pressure and the entry temperature of 
the first electric expansion valve as variables. The degree of 
opening of the first electric expansion valve 15 and the second 
electric expansion valve 17 can thereby be uniquely deter 
mined. 
0.091 (G) 
0092. In the air conditioning device 1 according to the 
embodiment described above, the transition of the high-pres 
Sure-side refrigerant from a Supercritical state to a subcritical 
state is detected by the high-pressure sensor 21. However, the 
transition of the high-pressure-side refrigerant from a Super 
critical state to a subcritical state may be detected by another 
method. For example, two temperature sensors may be pro 
vided to the region in which the high-pressure-side refriger 
ant attains a gas-liquid two-phase state when the high-pres 
Sure-side refrigerant undergoes a transition to a subcritical 
state, i.e., a specific region of the heat transfer tube of the 
radiator, and it can be determined that the high-pressure-side 
refrigerant has undergone a transition to a Subcritical State 
when the temperature information obtained from the two 
temperature sensors is Substantially the same (e.g., the tem 
perature information is determined to be substantially the 
same when the difference between the sets of temperature 
information is equal to or Smaller than a predetermined 
threshold value). A temperature sensor may also be provided 
in a region in which the high-pressure-side refrigerant does 
not reach a temperature equal to or lower than the critical 
temperature when the high-pressure-side refrigerant is in a 
Supercritical state, and in which the high-pressure-side refrig 
erant reaches the Saturation temperature when the high-pres 
Sure-side refrigerant is in a Subcritical state, i.e., a specific 
region of the heat transfer tube of the radiator, for example, 
and a determination can be made that the high-pressure-side 
refrigerant has undergone a transition to the Subcritical State 
when the temperature information obtained from the tem 
perature sensor indicates a temperature that is equal to or 
lower than the critical temperature. A single temperature sen 
sor is adequate in this case. 

INDUSTRIAL APPLICABILITY 

0093. The refrigeration device of the present invention has 
the characteristic of enabling the refrigerant level in the liquid 
receiver to be stably controlled, and the present invention is 
particularly useful in a refrigeration device in which carbon 
dioxide or the like is used as the refrigerant. 

1. A refrigeration device comprising: 
a compression mechanism configured to compress a refrig 

erant; 
a radiator connected to a refrigerant discharge side of said 

compression mechanism; 
a first expansion mechanism connected to an exit side of 

said radiator; 
a liquid receiver connected to a refrigerant outflow side of 

said first expansion mechanism; 
a second expansion mechanism connected to an exit side of 

said liquid receiver, 
an evaporator connected to a refrigerant outflow side of 

said second expansion mechanism and to a refrigerant 
intake side of said compression mechanism; and 

a control unit configured to minimize a degree of pressure 
reduction by said first expansion mechanism when 
refrigerant flowing from the refrigerant discharge side of 
said compression mechanism to a refrigerant inflow side 



US 2010/0050674 A1 

of said first expansion mechanism has undergone a tran 
sition from a Supercritical state to a subcritical state. 

2. The refrigeration device according to claim 1, wherein 
said first expansion mechanism is a first expansion valve; 
and 

said control unit is configured to fully open said first expan 
sion valve when refrigerant flowing from the refrigerant 
discharge side of said compression mechanism to the 
refrigerant inflow side of said first expansion mechanism 
has undergone the transition from the Supercritical state 
to the subcritical state. 

3. The refrigeration device according to claim 1, further 
comprising: 

a pressure detector arranged to detect a refrigerant pressure 
between the refrigerant discharge side of said compres 
sion mechanism and the refrigerant inflow side of said 
first expansion mechanism; wherein 

said control unit is configured to minimize the degree of 
pressure reduction by said first expansion mechanism 
when the refrigerant pressure detected by said pressure 
detector is equal to or less than a predetermined pres 
S. 

4. The refrigeration device according to claim 3, wherein 
said first expansion mechanism is a first expansion valve; 
and 

said control unit is configured to fully open said first expan 
sion valve when the refrigerant pressure detected by said 
pressure detector is equal to or less than the predeter 
mined pressure. 

5. The refrigeration device according to claim 1, further 
comprising: 

a first temperature detector arranged to detect a refrigerant 
temperature in a first specific region of said radiator, and 

a second temperature detector arranged to detect a refrig 
erant temperature in said first specific region of said 
radiator; wherein 
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said control unit is configured to minimize the degree of 
pressure reduction by said first expansion mechanism 
when a difference between the refrigerant temperature 
detected by said first temperature detector and the refrig 
erant temperature detected by said second temperature 
detector is equal to or less than a predetermined thresh 
old value. 

6. The refrigeration device according to claim 5, wherein 
said first expansion mechanism is a first expansion valve; 

and 

said control unit unit is configured to fully open said first 
expansion valve when the difference between the refrig 
erant temperature detected by said first temperature 
detector and the refrigerant temperature detected by said 
second temperature detector is equal to or less than the 
predetermined threshold value. 

7. The refrigeration device according to claim 1, further 
comprising: 

a temperature detector arranged to detect a refrigerant tem 
perature in a specific region of said radiator, wherein 

said control unit is configured to minimize the degree of 
pressure reduction by said first expansion mechanism 
when the refrigerant temperature detected by said tem 
perature detector is equal to or less than a critical tem 
perature of said refrigerant. 

8. The refrigeration device according to claim 7, wherein 
said first expansion mechanism is a first expansion valve; 

and 

said control unit is configured to fully open said first expan 
sion valve when the refrigerant temperature detected by 
said temperature detector is equal to or less than the 
critical temperature of said refrigerant. 

c c c c c 


