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Description 

Title of Invention: REFRIGERATION CYCLE APPARATUS 

 

Technical Field 

[0001] The present invention relates to a refrigeration 

cycle apparatus provided with a refrigerant circuit including 

a compressor, a condenser, a pressure-reducing device and an 

evaporator. 

 

Background Art 

[0002] Conventionally, air-conditioning apparatuses using 

R290 refrigerants, i.e. propane, with a small global warming 

potential (GWP) as refrigerants in refrigerant circuits in 

order to reduce an influence to the global warming, have been 

known (See, for example, patent literature 1). 

 

Citation List 

Patent Literature 

[0003] [PTL 1] JP 2001-227822 A 

 

Summary of Invention 

Technical Problem 

[0004] In the conventional air-conditioning apparatus 

described in patent literature 1, propane having 

combustibility is used as refrigerant.  Thus, an amount of the 
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refrigerant in the air-conditioning apparatus is required to 

be reduced to the extent that a concentration of the 

refrigerant in air is less than a lower limit of a combustible 

concentration, even when the refrigerant leaks out in a room.  

However, as the amount of the refrigerant in the air-

conditioning apparatus decreases, a coefficient of performance 

(COP) of the air-conditioning apparatus degrades. 

[0005] The present invention has been made to solve the 

problem described above, and has an object to obtain a 

refrigeration cycle apparatus capable of reducing an amount of 

refrigerant while suppressing degradation of a coefficient of 

performance. 

 

Solution to Problem 

[0006] According to an embodiment of the present 

invention, there is provided a refrigeration cycle apparatus 

including a refrigerant circuit having a compressor, a 

condenser, a pressure-reducing device, and an evaporator; and 

a controller configured to control the refrigerant circuit, 

the refrigerant circulating in the refrigerant circuit 

including propane or propylene, and the controller setting a 

degree of superheat of the refrigerant at an entrance port of 

the compressor to be 10 degrees or more. 

 

Advantageous Effects of Invention 
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[0007] With the refrigeration cycle apparatus according to 

the present invention, the amount of refrigerant in the 

refrigerant circuit can be reduced while suppressing 

degradation of the coefficient of performance of the 

refrigeration cycle apparatus. 

 

Brief Description of Drawings 

[0008] FIG. 1 is a diagram depicting a configuration of a 

refrigeration cycle apparatus according to a first embodiment 

of the present invention. 

 FIG. 2 is a graph depicting a relation between a degree 

of superheat of refrigerant at an entrance port of a 

compressor shown in FIG. 1 and a rate of decrease of a 

required amount of refrigerant in the refrigerant circuit with 

respect to a permissible amount of refrigerant. 

 FIG. 3 is a graph depicting a relation between a degree 

of suction superheat of the compressor and theoretically 

derived coefficients of performance for R290 refrigerant, R32 

refrigerant, and R410A refrigerant, respectively, used as the 

refrigerant in the refrigerant circuit shown in FIG. 1. 

 FIG. 4 is a graph depicting a relation between a degree 

of suction superheat of a compressor of a refrigeration cycle 

apparatus according to a second embodiment of the present 

invention and a rate of decrease of a coefficient of 

performance according to the second embodiment with respect to 
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that of a comparative example in which R32 refrigerant is used 

as refrigerant in a refrigerant circuit. 

 FIG. 5 is a diagram depicting a configuration of a 

refrigeration cycle apparatus according to a fourth embodiment 

of the present invention. 

 FIG. 6 is a diagram depicting a configuration of a 

refrigeration cycle apparatus according to a fifth embodiment 

of the present invention. 

 

Description of Embodiments 

[0009] In the following, embodiment according to the 

present invention will be described with reference to the 

drawings. 

 First embodiment 

 FIG. 1 is a diagram depicting a configuration of a 

refrigeration cycle apparatus according to a first embodiment 

of the present invention.  In FIG. 1, a refrigeration cycle 

apparatus 1 includes a refrigerant circuit 2, in which 

refrigerant can circulate; and a controller 3 that controls 

the refrigerant circuit 2.  In the embodiment, the 

refrigeration cycle apparatus 1 is an air-conditioning 

apparatus.  Moreover, in the embodiment, propane, that is R290 

refrigerant, is used as refrigerant in the refrigerant circuit 

2. 

[0010] The refrigerant circuit 2 includes a compressor 4, 
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a first heat exchanger 5, an expansion valve 6, a second heat 

exchanger 7, and a four-way valve 8.  In the embodiment, the 

compressor 4, the first heat exchanger 5, the expansion valve 

6 and the four-way valve 8 are provided in an outdoor unit, 

and the second heat exchanger 7 is provided in an indoor unit. 

[0011] Each of the first heat exchanger 5 and the second 

heat exchanger 7 is connected to the four-way valve 8 via a 

gas-side refrigerant pipe 9.  A gas-side refrigerant path for 

guiding gaseous refrigerant is formed in each of the four-way 

valve 8 and the gas-side refrigerant pipe 9.  According to the 

above-described configuration, each of the first heat 

exchanger 5 and the second heat exchanger 7 is connected to 

the compressor 4 via the gas-side refrigerant path.  In the 

embodiment, an inner diameter of the gas-side refrigerant path 

is 7.92 mm or more and 14.28 mm or less.  Moreover, in the 

embodiment, a length of the gas-side refrigerant path from the 

first heat exchanger 5 to the second heat exchanger 7 is 5 m 

or less. 

[0012] Moreover, each of the first heat exchanger 5 and 

the second heat exchanger 7 is connected to the expansion 

valve 6 via a liquid-side refrigerant pipe 10.  A liquid-side 

refrigerant path for guiding liquid refrigerant is formed in 

the liquid-side refrigerant pipe 10.  According to the above-

described configuration, each of the first heat exchanger 5 

and the second heat exchanger 7 is connected to the expansion 
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valve 6 via the liquid-side refrigerant path.  In the 

embodiment, an inner diameter of the liquid-side refrigerant 

path is 4.75 mm or more and 11.1 mm or less.  Moreover, in the 

embodiment, a length of the liquid-side refrigerant path from 

the first heat exchanger 5 to the second heat exchanger 7 is 5 

m or less. 

[0013] In the refrigerant circuit 2, a refrigeration cycle 

process is performed, in which refrigerant circulates through 

the compressor 4, the first heat exchanger 5, the expansion 

valve 6 and the second heat exchanger 7 while changing in 

phase, according to an operation of the compressor 4. 

[0014] The outdoor unit is provided with a first fan 11 

that forcibly sends outdoor air to the first heat exchanger 5.  

The indoor unit is provided with a second fan 12 that forcibly 

sends indoor air to the second heat exchanger 7.  Moreover, 

each of the first heat exchanger 5 and the second heat 

exchanger 7 includes a heat transfer pipe in which refrigerant 

flows. 

[0015] In the first heat exchanger 5, heat exchange is 

performed between refrigerant that flows in the heat transfer 

pipe of the first heat exchanger 5 and a current of outdoor 

air generated by an operation of the first fan 11.  In the 

second heat exchanger 7, heat exchange is performed between 

refrigerant that flows in the heat transfer pipe of the second 

heat exchanger 7 and a current of indoor air generated by an 
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operation of the second fan 12.  In the embodiment, an inner 

diameter of the heat transfer pipe of each of the first heat 

exchanger 5 and the second heat exchanger 7 is 5 mm. 

[0016] The compressor 4 compresses gaseous refrigerant.  

In the compressor 4, polyalkyleneglycol (PAG)-based oil having 

ether bond, polyolester (POE)-based oil having ester bond or 

the like is used as lubricant. 

[0017] The expansion valve 6 is a pressure reducing device 

that causes liquid refrigerant to expand and thereby reduces a 

pressure of the refrigerant.  According to the above-described 

operation, at an exit port of refrigerant of the expansion 

valve 6, the refrigerant is in a gas-liquid two-phase state.  

The expansion valve 6 is an electric expansion valve that can 

control a flow rate of refrigerant.  The flow rate of 

refrigerant that flows through the expansion valve 6 is 

controlled according to an opening degree of the expansion 

valve 6. 

[0018] An operation of the refrigeration cycle apparatus 1 

can be switched between a cooling operation and a heating 

operation.  The four-way valve 8 is an electromagnetic valve 

that switches a flow direction of refrigerant flowing in a 

gas-side refrigerant path in response to the switching 

operation in the refrigeration cycle apparatus 1 between the 

cooling operation and the heating operation.  The four-way 

valve 8, during the cooling operation, leads refrigerant from 
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the compressor 4 to the first heat exchanger 5, and leads 

refrigerant from the second heat exchanger 7 to the compressor 

4.  Moreover, the four-way valve 8, during the heating 

operation, leads the refrigerant from the compressor 4 to the 

second heat exchanger 7, and leads the refrigerant from the 

first heat exchanger 5 to the compressor 4.  In FIG. 1, a flow 

direction of refrigerant during the cooling operation is shown 

by a solid arrow, and a flow direction of refrigerant during 

the heating operation is shown by a dashed arrow. 

[0019] The controller 3 controls the four-way valve 8, and 

thereby switches between the cooling operation and the heating 

operation of the refrigeration cycle apparatus 1.  Moreover, 

the controller 3 activates the compressor 4, and thereby 

starts an operation of the refrigerant circuit 2.  The 

controller 3 starts the operation of the refrigerant circuit 2 

in a state where the expansion valve 6 is fully opened. 

[0020] During the cooling operation of the refrigeration 

cycle apparatus 1, gaseous refrigerant compressed by the 

compressor 4 is sent to the first heat exchanger 5 through a 

gas-side refrigerant path.  In the first heat exchanger 5, heat 

is radiated from the refrigerant flowing in the heat transfer 

pipe to outdoor air, and thereby the refrigerant is condensed.  

Then, the condensed refrigerant is sent to the expansion valve 

6 through the liquid-side refrigerant path.  In the expansion 

valve 6, the pressure of the liquid refrigerant is reduced, 
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and the liquid refrigerant becomes refrigerant in a gas-liquid 

two-phase state.  The refrigerant with the pressure reduced by 

the expansion valve 6 is sent to the second heat exchanger 7 

through the liquid-side refrigerant path.  Then, the 

refrigerant with the reduced pressure absorbs heat from indoor 

air at the second heat exchanger 7, and evaporates.  The 

evaporated refrigerant returns to the compressor 4 through the 

gas-side refrigerant path.  As described above, during the 

cooling operation of the refrigeration cycle apparatus 1, the 

first heat exchanger 5 operates as a condenser, and the second 

heat exchanger 7 operates as an evaporator. 

[0021] During the heating operation of the refrigeration 

cycle apparatus 1, gaseous refrigerant compressed by the 

compressor 4 is sent to the second heat exchanger 7 through 

the gas-side refrigerant path.  In the second heat exchanger 7, 

heat is radiated from the refrigerant flowing in the heat 

transfer pipe to indoor air, and thereby the refrigerant is 

condensed.  Then, the condensed refrigerant is sent to the 

expansion valve 6 through the liquid-side refrigerant path.  In 

the expansion valve 6, the pressure of the liquid refrigerant 

is reduced, and the liquid refrigerant becomes refrigerant in 

a gas-liquid two-phase state.  The refrigerant with the 

pressure reduced by the expansion valve 6 is sent to the first 

heat exchanger 5 through the liquid-side refrigerant path.  

Then, the refrigerant with the reduced pressure absorbs heat 
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from outdoor air at the first heat exchanger 5, and 

evaporates.  The evaporated refrigerant returns to the 

compressor 4 through the gas-side refrigeration path.  As 

described above, during the heating operation of the 

refrigeration cycle apparatus 1, the first heat exchanger 5 

operates as an evaporator, and the second heat exchanger 7 

operates as a condenser. 

[0022] At the entrance port for refrigerant of the 

compressor 4, a suction temperature sensor 21 for detecting 

temperature of refrigerant is arranged.  At a refrigerant port 

on the expansion valve 6 side of the first heat exchanger 5, a 

first refrigerant port temperature sensor 22 for detecting 

temperature of refrigerant.  The refrigerant port on the 

expansion valve 6 side of the first heat exchanger 5 is an 

exit port for refrigerant of the first heat exchanger 5 when 

the first heat exchanger 5 operates as a condenser, and is an 

entrance port for refrigerant of the first heat exchanger 5 

when the first heat exchanger 5 operates as an evaporator.  At 

a refrigerant port on the expansion valve 6 side of the second 

heat exchanger 7, a second refrigerant port temperature sensor 

23 for detecting temperature of refrigerant.  The refrigerant 

port on the expansion valve 6 side of the second heat 

exchanger 7 is an exit port for refrigerant of the second heat 

exchanger 7 when the second heat exchanger 7 operates as a 

condenser, and is an entrance port for refrigerant of the 



 11 

second heat exchanger 7 when the second heat exchanger 7 

operates as an evaporator. 

[0023] Data about the temperatures detected by the suction 

temperature sensor 21, the first refrigerant port temperature 

sensor 22 and the second refrigerant port temperature sensor 

23 are sent to the controller 3.  The controller 3 causes the 

refrigerant circuit 2 to start operation, and then controls 

the opening degree of the expansion valve 6 based on the data 

about the temperatures detected by the suction temperature 

sensor 21, the first refrigerant port temperature sensor 22 

and the second refrigerant port temperature sensor 23. 

[0024] R290 refrigerant that circulates through the 

refrigerant circuit 2 is combustible refrigerant.  Thus, in the 

refrigeration cycle apparatus 1, an amount of the refrigerant 

enclosed in the refrigerant circuit 2 is required to be less 

than or equal to a permissible amount of refrigerant so that 

even when the combustible refrigerant leaks out in a room from 

the refrigerant circuit 2, a concentration of the refrigerant 

in air is less than the lower limit of a combustible 

concentration.  The permissible amount of refrigerant is 

determined based on a floor area of the room, an installation 

height of the indoor unit, and the lower limit of the 

combustible concentration of refrigerant in air, as regulated 

by IEC 60335-2-40 ED6. 

[0025] FIG. 2 is a graph depicting a relation between a 



 12 

degree of superheat SH of refrigerant at the entrance port of 

the compressor 4 shown in FIG. 1 and a rate of decrease of a 

required amount of refrigerant in the refrigerant circuit 2 

with respect to a permissible amount of refrigerant.  In the 

refrigeration cycle apparatus 1, when the degree of superheat 

SH of refrigerant at the entrance port of the compressor 4 (in 

the following, referred to as a �degree of suction superheat 

SH of the compressor 4�) increases, a gas region in the heat 

exchanger of the first heat exchanger 5 and the second heat 

exchanger 7 that operates as an evaporator becomes greater.  

Thus, in the refrigeration cycle apparatus 1, as the degree of 

suction superheat SH of the compressor 4 increases, the 

required amount of refrigerant in the refrigerant circuit 2 

becomes smaller.  As shown in FIG. 2, in the refrigeration 

cycle apparatus 1, the required amount of refrigerant in the 

refrigerant circuit 2 is found to be less than or equal to the 

permissible amount of refrigerant when the degree of suction 

superheat SH of the compressor 4 is greater than or equal to 

10 degrees. 

[0026] The degree of suction superheat SH of the 

compressor 4 is obtained based on the temperature of 

refrigerant at the entrance port of the compressor 4 and the 

temperature of refrigerant at the entrance port of the 

evaporator.  Moreover, the degree of suction superheat SH of 

the compressor 4 is adjustable by controlling the opening 
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degree of the expansion valve 6.  Thus, the controller 3 

controls the opening degree of the expansion valve 6 based on 

the temperature of refrigerant at the entrance port of the 

compressor 4 and the temperature of refrigerant at the 

entrance port of the evaporator, and thereby makes the degree 

of suction superheat SH of the compressor 4 greater than or 

equal to 10 degrees. 

[0027] Specifically, the temperature of refrigerant at the 

entrance port of the compressor 4 is detected by the suction 

temperature sensor 21.  The temperature of refrigerant at the 

entrance port of the evaporator during the cooling operation 

is detected by the second refrigerant port temperature sensor 

23.  Moreover, the temperature of refrigerant at the entrance 

port of the evaporator during the heating operation is 

detected by the first refrigerant port temperature sensor 22.  

Thus, during the cooling operation, the controller 3 controls 

the opening degree of the expansion valve 6 based on the data 

about the temperatures detected by the suction temperature 

sensor 21 and the second refrigerant port temperature sensor 

23, respectively, and thereby makes the degree of suction 

superheat SH of the embodiment 4 greater than or equal to 10 

degrees.  Moreover, during the heating operation, the 

controller 3 controls the opening degree of the expansion 

valve 6 based on the data about the temperatures detected the 

suction temperature sensor 21 and the first refrigeration port 
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temperature sensor 22, respectively, and thereby the degree of 

suction superheat SH of the embodiment 4 greater than or equal 

to 10 degrees.  Accordingly, the amount of refrigerant 

circulating through the refrigerant circuit 2 is made less 

than or equal to the permissible amount of refrigerant. 

[0028] Next, an example in which R32 refrigerant having a 

global warming potential (GWP) greater than that of R290 

refrigerant is used as refrigerant in the refrigerant circuit 

2 will be examined as a comparative example.  During an 

operation of the refrigeration cycle apparatus according to 

the comparative example, due to the physical property of the 

R32 refrigerant, a discharge temperature of refrigerant at the 

exit port of the compressor is liable to rise.  Thus, during 

the operation of the refrigeration cycle apparatus according 

to the comparative example, the degree of suction superheat SH 

of the compressor is limited to be within a range of 0 °C to 

2 °C, in order to prevent a failure of the compressor due to 

the rise of the temperature of refrigerant.  In the 

refrigeration cycle apparatus according to the comparative 

example, an upper limit of the discharge temperature of 

refrigerant at the exit port of the compressor is set to fall 

within a range of 100 °C to 120 °C. 

[0029] For the compressor operating with the same 

efficiency, a rise amount of discharge temperature of 

refrigerant per 1 °C of temperature rise of the degree of 
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suction superheat SH of the compressor is 1.13 °C/°C in the 

case where R32 refrigerant is used in the refrigerant circuit, 

but 0.95 °C/°C in the case where R290 refrigerant is used in 

the refrigerant circuit.  As described above, the rise amount 

of the discharge temperature of refrigerant at the exit port 

of the compressor with respect to the amount of rise of the 

degree of suction superheat SH of the compressor in the case 

of using R290 refrigerant as the refrigerant in the 

refrigerant circuit is less than that in the case of using R32 

refrigerant as the refrigerant in the refrigerant circuit.  

Thus, in the embodiment in which R290 refrigerant is used as 

the refrigerant in the refrigerant circuit 2, the rise of the 

discharge temperature of refrigerant at the exit port of the 

compressor 4 is controlled to be less than that in the 

comparative example, and the degree of suction superheat SH of 

the compressor 4 can be made greater than or equal to 10 

degrees. 

[0030] FIG. 3 is a graph depicting a relation between the 

degree of suction superheat SH of the compressor 4 and 

theoretically derived coefficients of performance (in the 

following, referred to as a �theoretical COP�) for R290 

refrigerant, R32 refrigerant, and R410A refrigerant, 

respectively, used as refrigerant in the refrigerant circuit 2 

shown in FIG. 1.  As shown in FIG. 3, each of the theoretical 

COP for the R32 refrigerant and the theoretical COP for the 
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R410A refrigerant becomes smaller as the degree of suction 

superheat SH of the compressor 4 increases.  In contrast, the 

theoretical COP for the R290 refrigerant is found to become 

greater as the degree of suction superheat SH of the 

compressor 4 increases.  The above-described difference in the 

theoretical COP reflects difference between the physical 

property of the R290 refrigerant and the physical properties 

of the R32 and R410A refrigerants. 

[0031] Specifically, an evaporation latent heat of the 

R290 refrigerant is 1.2 times greater than the evaporation 

latent heat of the R32 refrigerant.  Moreover, refrigeration 

effect of the R290 refrigerant against the increase of the 

degree of suction superheat SH of the compressor 4 is greater 

than that of the R32 refrigerant.  The refrigeration effect is 

expressed by a difference between enthalpies of refrigerant at 

the entrance port and the exit port of the evaporator.  

Furthermore, for the same degree of suction superheat SH of 

the compressor 4, an amount of R290 refrigerant required for 

obtaining a predetermined performance of the refrigeration 

cycle apparatus is 0.8 times as great as an amount of R32 

refrigerant.  Thus, in the embodiment in which R290 refrigerant 

is used as the refrigerant circulating through the refrigerant 

circuit 2, the decrease in the amount of refrigerant due to 

the increase of the degree of suction superheat SH of the 

compressor 4 can be compensated by an effect of refrigeration.  
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Thus, in the embodiment in which R290 refrigerant is used as 

the refrigerant circulating through the refrigerant circuit 2, 

workload in the compressor 4 becomes smaller according to the 

decrease in the amount of refrigerant circulating through the 

refrigerant circuit 2.  Thus, in the embodiment in which the 

R290 refrigerant is used, even when the amount of refrigerant 

circulating through the refrigerant circuit 2 becomes smaller 

due to the increase of the degree of suction superheat SH of 

the compressor 4, the coefficient of performance (COP) of the 

refrigeration cycle apparatus 1 is prevented from degrading. 

[0032] In the above-described refrigeration cycle 

apparatus 1, R290 refrigerant, i.e. propane, is used as 

refrigerant circulating through the refrigerant circuit 2.  

Moreover, the degree of suction superheat SH of the compressor 

4 is set to be greater than or equal to 10 degrees under the 

control of the controller 3.  Thus, the degree of suction 

superheat SH of the compressor 4 can be made greater while 

preventing the discharge temperature of refrigerant at the 

exit port of the compressor 4 from increasing.  According to 

the above-described configuration, the amount of refrigerant 

circulating through the refrigerant circuit 2 can be made less 

than or equal to the permissible amount of refrigerant.  

Moreover, because R290 refrigerant is used as refrigerant 

circulating through the refrigerant circuit 2, even when the 

amount of refrigerant circulating through the refrigerant 
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circuit 2 becomes smaller due to the increase of the degree of 

suction superheat SH of the compressor 4, the coefficient of 

performance (COP) of the refrigeration cycle apparatus 1 is 

prevented from degrading. 

[0033] Moreover, in the embodiment, the inner diameter of 

the heat transfer pipe of each of the first heat exchanger 5 

and the second heat exchanger 7 is 5 mm.  Then, an efficiency 

of heat exchange between air and refrigerant can be improved 

in each of the first heat exchanger 5 and the second heat 

exchanger 7.  Thus, when the inner diameter of the heat 

transfer pipe of each of the first heat exchanger 5 and the 

second heat exchanger 7 is set to 5 mm, the amount of 

refrigerant circulating through the refrigerant circuit 2 can 

be further and certainly reduced.  Specifically, the amount of 

refrigerant circulating through the refrigerant circuit 2 can 

be further and certainly reduced to the permissible amount of 

refrigerant or less, while suppressing degradation of the 

coefficient of performance (COP) of the refrigeration cycle 

apparatus 1. 

[0034] Moreover, in the embodiment, the inner diameter of 

the gas-side refrigerant path is 7.92 mm or more and 14.28 mm 

or less.  Moreover, in the embodiment, the inner diameter of 

the liquid-side refrigerant path is 4.75 mm or more and 11.1 

mm or less.  Furthermore, in the embodiment, the length of each 

of the gas-side refrigerant path and the liquid-side 
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refrigerant path is 5 m or less.  Then, the inner diameter and 

the length of each of the gas-side refrigerant path and the 

liquid-side refrigerant path can be determined according to 

the changing in phase of the refrigerant.  Thus, it is possible 

to suppress degradation of efficiency of circulation of 

refrigerant through the refrigerant circuit 2, and the 

performance of the refrigeration cycle apparatus 1 can be 

improved. 

[0035] In the embodiment, the inner diameter of the heat 

transfer pipe of each of the first heat exchanger 5 and the 

second heat exchanger 7 is 5 mm.  However, the inner diameter 

of the heat transfer pipe of each of the first heat exchanger 

5 and the second heat exchanger 7 may be less than 5 mm.  

According to the above-described configuration, the efficiency 

of heat exchange can be further improved in each of the first 

heat exchanger 5 and the second heat exchanger 7.  Thus, the 

amount of refrigerant circulating through the refrigerant 

circuit 2 can be further and certainly reduced to the 

permissible amount of refrigerant or less, while suppressing 

degradation of the coefficient of performance (COP) of the 

refrigeration cycle apparatus 1. 

[0036] Second embodiment 

 FIG. 4 is a graph depicting a relation between a degree 

of suction superheat SH of a compressor of a refrigeration 

cycle apparatus according to a second embodiment of the 
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present invention and a rate of decrease of a coefficient of 

performance (COP) according to the second embodiment with 

respect to that of the comparative example in which R32 

refrigerant is used as refrigerant in a refrigerant circuit.  

FIG. 4 shows a coefficient of performance (COP) for an 

operation of the refrigeration cycle apparatus taking into 

account an influence of pressure loss in refrigerant 

circulating through the refrigerant circuit. 

[0037] A configuration of the refrigeration cycle 

apparatus according to the second embodiment is the same as 

the configuration of the refrigeration cycle apparatus 1 

according to the first embodiment shown in FIG. 1.  Moreover, 

also in the second embodiment, R290 refrigerant is used as 

refrigerant circulating through the refrigerant circuit 2. 

[0038] The rate of decrease of a coefficient of 

performance (COP) according to the second embodiment, in which 

R290 refrigerant is used, with respect to the rate of decrease 

of the comparative example, in which R32 refrigerant is used, 

becomes greater as the degree of suction superheat SH of the 

compressor 4 separates from about 17.5 degrees, as shown in 

FIG. 4.  Specifically, when the degree of suction superheat SH 

of the compressor 4 becomes less than about 17.5 degrees, with 

rising of an evaporation temperature and increasing of an 

evaporation pressure of the evaporator, a suction density of 

R290 refrigerant at the entrance port of the compressor 4 
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increases and the amount of the R290 refrigerant circulating 

through the refrigerant circuit 2 increases.  Accordingly, when 

the degree of suction superheat SH of the compressor 4 becomes 

less than about 17.5 degrees, a workload of the compressor 4 

increases and the coefficient of performance (COP) of the 

refrigeration cycle apparatus 1 degrades.  Moreover, when the 

degree of suction superheat SH of the compressor 4 becomes 

greater than about 17.5 degrees, a gas region in the 

evaporator increases and a performance of the evaporator 

degrades.  In order to suppress the degradation of the 

performance of the evaporator, it is possible to decrease the 

evaporation temperature in the refrigeration cycle apparatus 1 

to increase a difference in temperature between the R290 

refrigerant and air.  However, the decrease in the evaporation 

temperature leads to an increase in a compression ratio of 

refrigerant in the compressor 4, and thereby increases the 

workload of the compressor 4.  Accordingly, even when the 

degree of suction superheat SH of the compressor 4 becomes 

greater than about 17.5 degrees, the coefficient of 

performance (COP) of the refrigeration cycle apparatus 1 

degrades. 

[0039] It is possible to improve the coefficient of 

performance (COP) of the refrigeration cycle apparatus 1 by 

adding R290 refrigerant to the refrigerant in the refrigerant 

circuit 2.  Specifically, in the refrigeration cycle apparatus 
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1, when R290 refrigerant of an amount of 1.55% of the 

refrigerant in the refrigerant circuit 2 is added to the 

refrigerant, the coefficient of performance (COP) is improved 

by 1%.  Furthermore, when the degree of suction superheat SH of 

the compressor 4 becomes greater than about 17.5 degrees, 

because the amount of the refrigerant circulating through the 

refrigerant circuit 2 decreases, the addition amount of 

refrigerant in order to improve the coefficient of performance 

(COP) of the refrigeration cycle apparatus 1 becomes greater 

than the addition amount of refrigerant when the degree of 

suction superheat SH of the compressor 4 becomes less than 

about 17.5 degrees. 

[0040] The addition of R290 refrigerant to the refrigerant 

in the refrigerant circuit 2 is allowed until the amount of 

the refrigerant in the refrigerant circuit 2 reaches the 

permissible amount of refrigerant.  In the case where the 

degree of suction superheat SH of the compressor 4 is less 

than about 17.5 degrees, while R290 refrigerant is added to 

the refrigerant in the refrigerant circuit 2 as long as the 

amount of the refrigerant in the refrigerant circuit 2 is less 

than or equal to the permissible amount of refrigerant, when 

the degree of suction superheat SH of the compressor 4 is 

greater than or equal to 15.4 degrees, the coefficient of 

performance (COP) of the refrigeration cycle apparatus 1 is 

the same as that of the comparative example.  Moreover, in the 
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case where the degree of suction superheat SH of the 

compressor 4 is greater than about 17.5 degrees, while R290 

refrigerant is added to the refrigerant in the refrigerant 

circuit 2 as long as the amount of the refrigerant in the 

refrigerant circuit 2 is less than or equal to the permissible 

amount of refrigerant, when the degree of suction superheat SH 

of the compressor 4 is less than or equal to 20.6 degrees, the 

coefficient of performance (COP) of the refrigeration cycle 

apparats 1 is the same as that of the comparative example. 

[0041] According to the above-described configuration, it 

is found, from the relation between the rate of decrease of 

the coefficient of performance (COP) and the rate of addition 

of R290 refrigerant to the refrigerant in the refrigerant 

circuit 2, that, in the refrigeration cycle apparatus 1 of the 

embodiment, the coefficient of performance (COP) of the 

refrigeration cycle apparatus can be made the same as that of 

the comparative example, while maintaining the amount of the 

refrigerant circulating in the refrigerant circuit 2 less than 

or equal to the permissible amount of refrigerant, if the 

degree of suction superheat SH of the compressor 4 is greater 

than or equal to 15.4 degrees and less than or equal to 20.6 

degrees. 

[0042] In the second embodiment, the opening degree of the 

expansion valve 6 is controlled by the controller 3, and 

thereby the degree of suction superheat SH of the compressor 4 
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is made greater than or equal to 15.4 degrees and less than or 

equal to 20.6 degrees.  Other configurations of the second 

embodiment are the same as those of the first embodiment. 

[0043] In the refrigeration cycle apparatus 1 according to 

the second embodiment, because the degree of suction superheat 

SH of the compressor 4 is controlled by the controller 3 and 

caused to fall within a range from 15.4 degrees to 20.6 

degrees, it is possible to further and certainly suppress 

degradation of the coefficient of performance (COP) of the 

refrigeration cycle apparatus 1, while maintaining the amount 

of refrigerant circulating in the refrigerant circuit 2 less 

than or equal to the permissible amount of refrigerant. 

[0044] Third embodiment 

 A configuration of a refrigeration cycle apparatus 

according to a third embodiment is the same as the 

configuration of the refrigeration cycle apparatus 1 according 

to the first embodiment, shown in FIG. 1, except for a state 

of an expansion valve 6 when an operation of a refrigerant 

circuit 2 starts.  A controller 3 in the third embodiment 

causes the operation of the refrigerant circuit 2 to start in 

a state where an opening degree of the expansion valve 6 is 

smaller than an opening degree of the expansion valve 6 in a 

full open state.  Moreover, during a cooling operation, the 

controller 3 controls the opening degree of the expansion 

valve 6 based on data about temperatures detected at a suction 
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temperature sensor 21 and a second refrigerant port 

temperature sensor 23, respectively, after a set period of 

time from when the refrigerant circuit 2 starts its operation.  

During a heating operation, the controller 3 controls the 

opening degree of the expansion valve 6 based on data about 

temperatures detected at the suction temperature sensor 21 and 

a first refrigerant port temperature sensor 22, respectively, 

after the set period of time from when the refrigerant circuit 

2 starts its operation.  The controller 3 controls the opening 

degree of the expansion valve 6, and thereby set the degree of 

suction superheat SH of the compressor 4 to 10 degrees or 

more.  Other configurations are the same as those in the first 

embodiment. 

[0045] In the refrigeration cycle apparatus 1 according to 

the embodiment, under the control of the controller 3, in a 

state where the opening degree of the expansion valve 6 is 

smaller than the opening degree of the expansion valve 6 in 

the full open state, the operation of the refrigerant circuit 

2 starts.  Thus, enlarging the degree of suction superheat SH 

of the compressor 4 can be accelerated, and increasing the 

discharge temperature of refrigerant at the exit port of the 

compressor 4 can be accelerated.  According to the above-

described configuration, it becomes possible to reduce time 

until the refrigeration cycle apparatus 1 exhibits its 

performance, compared with the case of starting the operation 
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of the refrigerant circuit 2 in a state where the expansion 

valve 6 is fully opened. 

[0046] Specifically, when the degrees of suction superheat 

SH of the compressor 4 are the same, the discharge temperature 

of refrigerant at the exit port of the compressor 4 with R290 

refrigerant used in the refrigerant circuit 2 is lower than 

that with R32 refrigerant used in the refrigerant circuit 2.  

For example, in the refrigeration cycle apparatus 1 with the 

refrigeration performance of 4.0 kW and the degree of suction 

superheat SH of the compressor 4 of 10 degrees, the discharge 

temperature when R290 refrigerant is used as refrigerant of 

the refrigerant circuit 2 is 63 °C, but the discharge 

temperature when R32 refrigerant is used as refrigerant of the 

refrigerant circuit 2 is 89 °C.  Then, in the case of using 

R290 refrigerant in the refrigerant circuit 2, it takes time 

to increase the discharge temperature of refrigerant at the 

exit port the compressor 4.  Thus, when the operation of the 

refrigerant circuit 2 starts in a state where the expansion 

valve 6 is fully opened, it takes time for a cooling 

operation, a heating operation and a defrosting operation.  

However in the third embodiment, because the opening degree of 

the expansion valve 6 is preliminarily closed, it becomes 

possible to reduce the time until the discharge temperature of 

refrigerant at the exit port of the compressor 4 reaches a set 

temperature to, for example, two third in the case of starting 
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the operation of the refrigerant circuit 2 in the state where 

the opening degree of the expansion valve 6 is fully opened.  

According to the above-described configuration, it is possible 

to reduce the time until the refrigeration cycle apparatus 1 

exhibits its performance. 

[0047] In the above-described example, the configuration 

of starting the operation of the refrigerant circuit 2 in the 

state where the opening degree of the expansion valve 6 is 

less than that in the full open state of the expansion valve 6 

is applied to the refrigeration cycle apparatus 1 according to 

the first embodiment.  However, the configuration of starting 

the operation of the refrigerant circuit 2 in the state where 

the opening degree of the expansion valve 6 is less than that 

in the full open state of the expansion valve 6 may be applied 

to the refrigeration cycle apparatus 1 according to the second 

embodiment. 

[0048] Fourth embodiment 

 FIG. 5 is a diagram depicting a configuration of a 

refrigeration cycle apparatus according to a fourth embodiment 

of the present invention.  In a heat transfer pipe of a first 

heat exchanger 5, a first inner temperature sensor 24 for 

detecting temperature of refrigerant is provided.  A length of 

the heat transfer pipe between a refrigerant port on the 

expansion valve 6 side of the first heat exchanger 5 and the 

first inner temperature sensor 24 is 66% to 88% of the length 
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of the heat transfer pipe between one refrigerant port of the 

first heat exchanger 5 and the other refrigerant port. 

[0049] Specifically, a first refrigerant port temperature 

sensor 22 is provided at an entrance port of the first heat 

exchanger 5 when the first heat exchanger 5 is an evaporator.  

Moreover, when the first heat exchanger 5 is an evaporator, a 

length of the heat transfer pipe between the entrance port of 

the first heat exchanger 5 and the first inner temperature 

sensor 24 is 66% to 88% of a length of the heat transfer pipe 

between the entrance port and the exit port of the first heat 

exchanger 5. 

[0050] In a heat transfer pipe of a second heat exchanger 

7, a second inner temperature sensor 25 for detecting 

temperature of refrigerant is provided.  A length of the heat 

transfer pipe between a refrigerant port on the expansion 

valve 6 side of the second heat exchanger 7 and the second 

inner temperature sensor 25 is 66% to 88% of the length of the 

heat transfer pipe between one refrigerant port of the second 

heat exchanger 7 and the other refrigerant port. 

[0051] Specifically, a second refrigerant port temperature 

sensor 23 is provided at an entrance port of the second heat 

exchanger 7 when the second heat exchanger 7 is an evaporator.  

Moreover, when the second heat exchanger 7 is an evaporator, a 

length of the heat transfer pipe between the entrance port of 

the second heat exchanger 7 and the second inner temperature 
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sensor 25 is 66% to 88% of a length of the heat transfer pipe 

between the entrance port and the exit port of the second heat 

exchanger 7. 

[0052] Data about the temperatures detected at the suction 

temperature sensor 21, the first refrigerant port temperature 

sensor 22, the second refrigerant port temperature sensor 23, 

the first inner temperature sensor 24 and the second inner 

temperature sensor 25 are sent to the controller 3.  The 

controller 3 controls the opening degree of the expansion 

valve 6 based on the data about the temperatures detected at 

the suction temperature sensor 21, the first refrigerant port 

temperature sensor 22, the second refrigerant port temperature 

sensor 23, the first inner temperature sensor 24 and the 

second inner temperature sensor 25. 

[0053] The controller 3 sets the degree of suction 

superheat SH of the compressor 4 to a value of 10 degrees or 

more by controlling the opening degree of the expansion valve 

6, as in the first embodiment.  Moreover, during the cooling 

operation, the controller 3 controls the opening degree of the 

expansion valve 6 so that the temperature detected at the 

second inner temperature sensor 25 is higher than the 

temperature detected at the second refrigerant port 

temperature sensor 23.  Furthermore, during the heating 

operation, the controller 3 controls the opening degree of the 

expansion valve 6 so that the temperature detected at the 
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first inner temperature sensor 24 is higher than the 

temperature detected at the first refrigerant port temperature 

sensor 22.  Specifically, the controller 3 controls the 

refrigerant circuit 2 so that the temperature Twmid detected 

at the inner temperature sensor of the first and second inner 

temperature sensors 24 and 25 that is provided at the entrance 

port of the evaporator is higher than the temperature Tein 

detected at the refrigerant port temperature sensor of the 

first and second refrigerant port temperature sensors 22 and 

23 that is provided at the entrance port of the evaporator.  

That is, the controller 3 controls the opening degree of the 

expansion valve 6 so that a relation (detected temperature 

Twmid) � (detected temperature Tein) > 0 is satisfied.  Other 

configurations are the same as those in the first embodiment. 

[0054] In the above-described refrigeration cycle 

apparatus 1, the length of the heat transfer pipe between the 

entrance port of the evaporator and the inner temperature 

sensor is 66% to 88% of the length of the heat transfer pipe 

between the entrance port of the evaporator and the exit port 

of the evaporator.  Moreover, the controller 3 controls the 

refrigerant circuit 2 so that the temperature Twmid detected 

at the inner temperature sensor is higher than the temperature 

Tein detected at the refrigerant port temperature sensor.  

Thus, it becomes possible to certainly put refrigerant flowing 

in the heat transfer pipe of the evaporator into a superheat 
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state until the refrigerant reaches the exit port of the 

evaporator.  According to the above-described configuration, it 

is possible to increase the degree of superheat of the 

refrigerant at the exit port of the evaporator, and set more 

certainly and more quickly the degree of suction superheat SH 

of the compressor 4 to a value of 10 degrees or more. 

[0055] In the above-described example, the configuration 

of controlling the refrigerant circuit 2 so that the 

temperature Twmid detected at the inner temperature sensor 

provided in the evaporator is higher than the temperature Tein 

detected at the refrigerant port temperature sensor provided 

at the entrance port of the evaporator is applied to the 

refrigeration cycle apparatus according to the first 

embodiment.  However, the configuration of controlling the 

refrigerant circuit 2 so that the temperature Twmid detected 

at the inner temperature sensor is higher than the temperature 

Tein detected at the refrigerant port temperature sensor may 

be applied to the refrigeration cycle apparatuses according to 

the second and third embodiments. 

[0056] Fifth embodiment 

 FIG. 6 is a diagram depicting a configuration of a 

refrigeration cycle apparatus according to a fifth embodiment 

of the present invention.  The refrigeration cycle apparatus 1 

is provided with a refrigerant circuit 2 including a 

compressor 4, a first heat exchanger 5, an expansion valve 6 
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and a second heat exchanger 7.  In the fifth embodiment, a 

four-way valve is not present in the refrigeration cycle 

apparatus 1.  Thus, the refrigeration cycle apparatus 1 

according to the fifth embodiment is not provided with a 

function of switching between a cooling operation and a 

heating operation.  Refrigerant circulating in the refrigerant 

circuit 2 is R290 refrigerant.  In the fifth embodiment, the 

refrigeration cycle apparatus is applied to a refrigerator. 

[0057] Each of the first heat exchanger 5 and the second 

heat exchanger 7 is connected to the compressor 4 via a gas-

side refrigerant pipe 9.  According to the above-described 

configuration, each of the first heat exchanger 5 and the 

second heat exchanger 7 is connected to the compressor 4 via a 

gas-side refrigerant path for guiding refrigerant. 

[0058] Moreover, each of the first heat exchanger 5 and 

the second heat exchanger 7 is connected to the expansion 

valve 6 via a liquid-side refrigerant pipe 10.  According to 

the above-described configuration, each of the first heat 

exchanger 5 and the second heat exchanger 7 is connected to 

the expansion valve 6 via a liquid-side refrigerant path for 

guiding refrigerant. 

[0059] In the refrigerant circuit 2, a refrigeration cycle 

process is performed, in which refrigerant circulates through 

the compressor 4, the first heat exchanger 5, the expansion 

valve 6 and the second heat exchanger 7 while changing in 
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phase, according to the operation of the compressor 4.  In FIG. 

6, refrigerant circulating in the refrigerant circuit 2 flows 

along a direction indicated by an arrow.  In the fifth 

embodiment, the compressor 4 and the first heat exchanger 5 

and the expansion valve 6 are provided in an outdoor unit, and 

the second heat exchanger 7 is provided in an indoor unit. 

[0060] The outdoor unit is provided with a first fan 11 

that forcibly sends outdoor air to the first heat exchanger 5.  

The indoor unit is provided with a second fan 12 that forcibly 

sends indoor air to the second heat exchanger 7. 

[0061] In the first heat exchanger 5, heat exchange is 

performed between refrigerant that flows in the heat transfer 

pipe of the first heat exchanger 5 and a current of outdoor 

air generated by an operation of the first fan 11.  In the 

second heat exchanger 7, heat exchange is performed between 

refrigerant that flows in the heat transfer pipe of the second 

heat exchanger 7 and a current of indoor air generated by an 

operation of the second fan 12. 

[0062] In the operation of the refrigeration cycle 

apparatus 1, gaseous refrigerant compressed in the compressor 

4 is sent to the first heat exchanger 5 through the gas-side 

refrigerant path.  In the first heat exchanger 5, refrigerant 

is condensed according to heat dissipation from the 

refrigerant flowing through the heat transfer pipe to the 

outdoor air.  Thus, the first heat exchanger 5 operates as a 
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condenser.  Then, the condensed refrigerant is sent to the 

expansion valve 6 through the liquid-side refrigerant path.  In 

the expansion valve 6, a pressure of the liquid refrigerant is 

reduced, and the liquid refrigerant becomes refrigerant in a 

gas-liquid two-phase state.  The refrigerant with the pressure 

reduced by the expansion valve 6 is sent to the second heat 

exchanger 7 through the liquid-side refrigerant path.  Then, 

the refrigerant with the reduced pressure absorbs heat from 

indoor air at the second heat exchanger 7, and evaporates.  

Thus, the second heat exchanger 7 operates as an evaporator.  

The refrigerant evaporates at the second heat exchanger 7, 

which operates as an evaporator, and returns to the compressor 

4 through the gas-side refrigerant path. 

[0063] At the entrance port of the second heat exchanger 

7, which is an evaporator, a second refrigerant port 

temperature sensor 23 is provided.  The controller 3 controls 

the opening degree of the expansion valve 6 based on 

temperatures of refrigerants detected by a suction temperature 

sensor 21 and the second refrigerant port temperature sensor 

23, respectively, and thereby sets the degree of suction 

superheat SH of the compressor 4 to a value of 10 degrees or 

more.  Other configurations are the same as those in the first 

embodiment. 

[0064] According to the above-described configuration, 

even in the refrigeration cycle apparatus that is not provided 
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with the function of switching between the cooling operation 

and the heating operation, it is possible to set the degree of 

suction superheat SH of the compressor 4 to a value of 10 

degrees or more by using R290 refrigerant as refrigerant 

circulating in the refrigerant circuit 2.  Moreover, inner 

diameters of the heat transfer pipes of the first heat 

exchanger 5 and the second heat exchanger 7, respectively, are 

set to be less than 5 mm.  Thus, it is possible to suppress 

degradation of efficiency of heat exchange at each of the 

first heat exchanger 5 and the second heat exchanger 7, and 

reduce an amount of refrigerant circulating in the refrigerant 

circuit 2 to a permissible amount of refrigerant or less.  

Furthermore, because R290 refrigerant is used as refrigerant 

circulating in the refrigerant circuit 2, it is possible to 

suppress degradation of the coefficient of performance (COP) 

of the refrigeration cycle apparatus 1, even when the amount 

of refrigerant circulating in the refrigerant circuit 2 

becomes smaller. 

[0065] In the above-described example, the degree of 

suction superheat SH of the compressor 4 may be limited so as 

to fall within a range from 15.4 degrees to 20.6 degrees, 

according to the control by the controller 3, as in the second 

embodiment.  In this way, it is possible to certainly suppress 

degradation of the coefficient of performance (COP) of the 

refrigeration cycle apparatus 1, while maintaining the amount 
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of refrigerant circulating through the refrigerant circuit 2 

at the permissible amount of refrigerant or less. 

[0066] Moreover, in the fifth embodiment, the 

configuration of the refrigeration cycle apparatus 1 which is 

not provided with the function of switching between a cooling 

operation and a heating operation is applied to the 

refrigeration cycle apparatus 1 according to the first 

embodiment.  However, the configuration of the refrigeration 

cycle apparatus 1 which is not provided with the function of 

switching between a cooling operation and a heating operation 

may be applied to the refrigeration cycle apparatuses 1 

according to the third and fourth embodiments. 

[0067] Moreover, in the above-described first to fifth 

embodiments, R290 refrigerant is used as refrigerant 

circulating through the refrigerant circuit 2.  However, R1270 

refrigerant, which is propylene, may be used as refrigerant 

circulating through the refrigerant circuit 2.  Because R1270 

refrigerant has the same property as that of R290 refrigerant, 

even when R1270 refrigerant is used as refrigerant circulating 

through the refrigerant circuit 2, the same effect as that in 

the case of using R290 refrigerant in the refrigerant circuit 

2 can be obtained. 

[0068] In the above-described first to fifth embodiments, 

R290 refrigerant that contains only propane is used as 

refrigerant circulating through the refrigerant circuit 2.  
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However, when at least one of propane and propylene are 

contained in the refrigerant circulating through the 

refrigerant circuit 2, the refrigerant has the property that 

the theoretical COP increases as the degree of suction 

superheat SH of the compressor 4 increases.  Thus, even in the 

case where a component other than propane and propylene is 

contained in refrigerant, when propane or propylene is 

contained in the refrigerant, it is possible to use the 

refrigerant as refrigerant circulating through the refrigerant 

circuit 2. 

[0069] In the above-described first to fifth embodiments, 

the degree of suction superheat SH of the compressor 4 is 

controlled by controlling the expansion valve 6 based on the 

temperature of refrigerant at the entrance port of the 

compressor 4 and the temperature of refrigerant at the 

entrance port of the evaporator.  However, the degree of 

suction superheat SH of the compressor 4 may be controlled by 

controlling the expansion valve 6 based on the discharge 

temperature of refrigerant at the exit port of the compressor 

4 and the temperature of refrigerant at the entrance port of 

the evaporator.  In this case, a discharge temperature sensor 

for detecting the temperature of refrigerant is provided at 

the exit port of the compressor 4.  Moreover, in this case, the 

controller 3 controls the opening degree of the expansion 

valve 6 based on the data about the temperatures detected at 
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the refrigerant port temperature sensor provided at the 

entrance port of the evaporator and the discharge temperature 

sensor provided at the exit port of the compressor 4, 

respectively. 

[0070] Moreover, in the above-described first to fifth 

embodiments, the degree of suction superheat SH of the 

compressor 4 is controlled by controlling the opening degree 

of the expansion valve 6.  However, the degree of suction 

superheat SH of the compressor 4 may be controlled by 

controlling the output of the compressor 4. 

[0071]  Moreover, the present invention is not limited to 

the above-described embodiments, and may be changed and 

implemented within the scope of the invention.  Furthermore, 

the present invention may be implemented by combining the 

above-described embodiments. 

 

Reference Signs List 

[0072] 1 refrigeration cycle apparatus, 2 refrigerant 

circuit, 3 controller, 4 compressor, 5 first heat exchanger 

(condenser or evaporator), 6 expansion valve (pressure-

reducing device), 7 second heat exchanger (evaporator or 

condenser), 22 first refrigerant port temperature sensor, 23 

second refrigerant port temperature sensor, 24 first inner 

temperature sensor, 25 second inner temperature sensor. 
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Claims 

[Claim 1] A refrigeration cycle apparatus comprising: 

 a refrigerant circuit including 

  a compressor, 

  a condenser, 

  a pressure-reducing device, and 

  an evaporator; and 

 a controller configured to control the refrigerant 

circuit, wherein 

 refrigerant circulating through the refrigerant circuit 

is refrigerant containing propane or propylene, and 

 the controller sets a degree of superheat of refrigerant 

at an entrance port of the compressor to be a value greater 

than or equal to 10 degrees. 

 

[Claim 2] The refrigeration cycle apparatus according to 

claim 1, wherein the controller set the degree of superheat of 

refrigerant at the entrance port of the compressor to be a 

value greater than or equal to 15.4 degrees and less than or 

equal to 20.6 degrees. 

 

[Claim 3] The refrigeration cycle apparatus according to 

claim 1 or 2, wherein the controller starts an operation of 

the refrigerant circuit in a state where an opening degree of 

the pressure-reducing device is smaller than an opening degree 
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of the pressure-reducing device in a full open state. 

 

[Claim 4] The refrigeration cycle apparatus according to any 

one of claims 1 to 3, wherein 

 a refrigerant port temperature sensor for detecting 

temperature of refrigerant is provided at an entrance port of 

the evaporator, 

 an inner temperature sensor for detecting temperature of 

refrigerant is provided in a heat transfer pipe of the 

evaporator, 

 in the evaporator, a length of the heat transfer pipe 

between the entrance port of the evaporator and the inner 

temperature sensor is greater than or equal to 66% of a length 

of the heat transfer pipe between the entrance port of the 

evaporator and an exit port of the evaporator, and less than 

or equal to 88% of the length of the heat transfer pipe 

between the entrance port and the exit port, and 

 the controller controls the refrigerant circuit so that 

the temperature of refrigerant detected by the inner 

temperature sensor is higher than the temperature of 

refrigerant detected by the refrigerant port temperature 

sensor. 

 

[Claim 5] The refrigeration cycle apparatus according to any 

one of claims 1 to 4, wherein 
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 each of the condenser and the evaporator has a heat 

transfer pipe in which refrigerant flows, 

 an inner diameter of the heat transfer pipe is less than 

or equal to 5 mm. 

 

[Claim 6] The refrigeration cycle apparatus according of any 

one of claims 1 to 5, wherein 

 each of the condenser and the evaporator is connected to 

the compressor via a gas-side refrigerant path, 

 each of the condenser and the evaporator is connected to 

the pressure-reducing device via a liquid-side refrigerant 

path, 

 an inner diameter of the gas-side refrigerant path is 

greater than or equal to 7.92 mm and less than or equal to 

14.28 mm, 

 an inner diameter of the liquid-side refrigerant path is 

greater than or equal to 4.75 mm and less than or equal to 

11.1 mm, and 

 a length of each of the gas-side refrigerant path and the 

liquid-side refrigerant path is less than or equal to 5 m. 

 

 


