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(57) Abstract: A refrigeration cycle device (10) is provided with 
a compressor (1), a four-way valve (2), a first outdoor heat ex
changer (3), a first expansion valve, and an indoor heat exchang

10 er (5). The four-way valve (2) includes a casing (21), a first flow 

26d- ---.- -26 path, a second flow path, a flow path switching piston (23), and a 
26b- - ---- 260 wall part (24). The flow path switching piston (23) is configured 

to slide on an inner surface (IS) to switch the flow of a refrigerant 
between the first flow path and the second flow path. The wall 
part (24) is configured to slide on the inner surface (IS) together 
with the flow path switching piston (23) and is disposed so as 
to cover the flow path switching piston (23) with a spacing (SP) 

= from the flow path switching piston (23).  
S 22d 22b 22

0

In4



W O 2021/009850 A0111 1 | |||||||I ||||||||II ||||||||||||||||||||||||||i||||||||||||||l||i| 

LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, 
SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).  

- 3|Tytj4me(AM21 (3)) 

(57) :'t--'c-f E (1 0) tt, ENtM (1) L, Vqt# (2) L, (12A3 (3) 
L, s1 Eg# (4) L, r (5) t%# TG,\. V2# (2) (t, tl* (2 1) L, 

M 1 1tJ t Y 2 j6 1, -At)JML0 7V: (2f3) tA E (2 4) L ; t, 0 6. jM 
tJ f4 L : (2 3) £t, rAJM ( I S) Mjt B 76 1 ;J3t; 1% jA3;thx 2 jit 

t\; J~ etj f; 7 Q 4- c Ti -- c o7o. =AMA (2 4) (t, Jj X ' (2 3) L 
SrA ( I S) % 4 6 J34-jf l -Ct D t-J fELXF (2 3) t0C'1 ¶ 
(S P)%t26 [tJfL '/(2 3) % AUCELTBtVc 6.



TITLE OF INVENTION 

Refrigeration Cycle Device 

TECHNICAL FIELD 

[0001] The present invention relates to a refrigeration cycle apparatus.  

5 BACKGROUND ART 

[0002] In a conventional refrigeration cycle apparatus, a four-way valve is configured 

to switch a flow channel by laterally sliding a flow channel switching piston that 

partitions a high-pressure side and a low-pressure side of a refrigerant circuit. For 

example, Japanese Patent Laying-Open No. 01-314870 (PTL 1) discloses a four-way 

10 valve configured to switch a flow channel by laterally sliding a flow channel switching 

piston that partitions a high-pressure side and a low-pressure side of a refrigerant 

circuit.  

CITATION LIST 

PATENT LITERATURE 

15 [0003] PTL 1: Japanese Patent Laying-Open No. 01-314870 

SUMMARY OF INVENTION 

[0004] In the four-way valve disclosed in the above publication, there is a gap between 

the flow channel switching piston and the installation surface along which the flow 

channel switching piston slides. This results in refrigerant leakage from the high

20 pressure side to the low-pressure side through this gap.  

[0005] The present invention has been made in view of the above problem. It would 

be desirable to provide a refrigeration cycle apparatus that can reduce an amount of 

refrigerant leakage from a high-pressure side to a low-pressure side in a four-way 

valve.  

25 [0006] According to an aspect of the present invention, there is provided a 

refrigeration cycle apparatus comprising: a compressor configured to compress 

refrigerant; a four-way valve connected to the compressor; a first outdoor heat 

exchanger connected to the four-way valve; a first expansion valve connected to the 

first outdoor heat exchanger; and an indoor heat exchanger connected to the first 
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expansion valve and the four-way valve, the four-way valve being configured to switch 

between passing the refrigerant compressed by the compressor to the first outdoor heat 

exchanger in a first flow path and passing the refrigerant compressed by the compressor 

to the indoor heat exchanger in a second flow path, the four-way valve comprising a 

5 casing having an inner surface, and a flow path switching piston and a wall portion 

disposed in the casing, the flow path switching piston providing a channel, and being 

configured to slide along the inner surface, to switch between a first position in which 

the channel forms a part of the first flow path for passing the refrigerant through the 

four-way valve and a second position in which the channel forms a part of the second 

10 flow path for passing the refrigerant through the four-way valve, the wall portion being 

configured to slide along the inner surface together with the flow path switching piston, 

the wall portion being disposed so that there is a space between the flow path switching 

piston and the wall portion to cover the flow path switching piston, wherein in use, 

leakage refrigerant from a high-pressure side of the four-way valve toward a low

15 pressure side of the four-way valve will pass through the space.  

[0006A] A refrigeration cycle apparatus according to an embodiment of the present 

invention includes a compressor, a four-way valve, a first outdoor heat exchanger, a 

first expansion valve, and an indoor heat exchanger. The compressor compresses the 

refrigerant. The four-way valve is connected to the compressor. The first outdoor 

20 heat exchanger is connected to the four-way valve. The first expansion valve is 

connected to the first outdoor heat exchanger. The indoor heat exchanger is connected 

to the first expansion valve and the four-way valve. The four-way valve is configured 

to switch between passing the refrigerant compressed by the compressor to the first 

outdoor heat exchanger and passing the refrigerant compressed by the compressor to 

25 the indoor heat exchanger. The four-way valve includes a casing, a first flow channel, 

a second flow channel, a flow channel switching piston, and a wall portion. The 

casing has an inner surface. The first flow channel and the second flow channel are 

disposed in the casing. The flow channel switching piston and the wall portion are 

disposed in the casing. The flow channel switching piston is configured to slide along 
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the inner surface to switch between passing the refrigerant through the first flow 

channel and passing the refrigerant through the second flow channel. The wall 

portion is configured to slide along the inner surface together with the flow channel 

switching piston and is disposed with a space between the flow channel switching 

5 piston and the wall portion to cover the flow channel switching piston.  

[0007] According to an aspect of the present invention, in the four-way valve, the 

wall portion is configured to slide along the inner surface together with the flow 

channel switching piston and is disposed with a space between the flow channel 

switching piston and the wall portion to cover the flow channel switching piston. The 

10 pressure of the refrigerant can thus be an intermediate pressure between a high-pressure 

side and a low-pressure side in the space between the wall portion and the flow channel 

switching piston. This can reduce an amount of refrigerant leakage from the high

pressure side to the low-pressure side in the four-way valve.  

BRIEF DESCRIPTION OF DRAWINGS 

15 [0008] Fig. 1 is a refrigerant circuit diagram of a refrigeration cycle apparatus 

according to Embodiment 1.  

Fig. 2 is a refrigerant circuit diagram of the refrigeration cycle apparatus 

according to Embodiment 1 during cooling operation.  

Fig. 3 is a refrigerant circuit diagram of the refrigeration cycle apparatus 

20 according to Embodiment 1 during heating operation.  

Fig. 4 is a refrigerant circuit diagram of a refrigeration cycle apparatus 

according to a comparative example.  

Fig. 5 is a sectional view showing a configuration of a flow channel switching 

piston and its surroundings of the refrigeration cycle apparatus according to the 

25 comparative example.  

Fig. 6 is a sectional view showing a configuration of a flow channel switching 

piston and its surroundings of the refrigeration cycle apparatus according to 

Embodiment 1.  

Fig. 7 is a refrigerant circuit diagram of a refrigeration cycle apparatus 
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according to Embodiment 2.  

Fig. 8 is an enlarged sectional view taken along the line VIII-VIII of Fig 7.  

Fig. 9 is a refrigerant circuit diagram of the refrigeration cycle apparatus 

according to Embodiment 2 during cooling operation.  

5 Fig. 10 is a graph showing a time that elapses before the completion of 

generation of an intermediate pressure in the refrigeration cycle apparatus according to 

Embodiment 1 for comparison with the refrigeration cycle apparatus according to 

Embodiment 2.  

Fig. 11 is a graph showing a time that elapses before the completion of 

10 generation of an intermediate pressure in the refrigeration cycle apparatus according to 

Embodiment 2.  

Fig. 12 is a refrigerant circuit diagram of a refrigeration cycle apparatus 

according to Embodiment 3.  

Fig. 13 is a p-h diagram of the refrigeration cycle apparatus according to 

15 Embodiment 3.  

DESCRIPTION OF EMBODIMENTS 

[0009] Embodiments of the present invention will be described below with reference to 

the drawings. Hereinbelow, identical or corresponding parts are identically denoted, 

and redundant description will not be repeated. The embodiments of the present 

20 invention will describe an air conditioner as an example refrigeration cycle apparatus.  

The refrigeration cycle apparatus is not limited to the air conditioner and may be, for 

example, a chiller.  

[0010] Embodiment 1 

A configuration of a refrigeration cycle apparatus 10 according to Embodiment 

25 1 will be described with reference to Fig. 1. Fig. 1 is a refrigerant circuit diagram of 

refrigeration cycle apparatus 10 according to Embodiment 1. Refrigeration cycle 

apparatus 10 according to Embodiment 1 mainly includes a compressor 1, a four-way 

valve 2, a first outdoor heat exchanger 3, a first expansion valve, and an indoor heat 

exchanger 5. Compressor 1, four-way valve 2, first outdoor heat exchanger 3, the first 

-4

19937883_1 (GHMatters) P117740.AU



expansion valve, and indoor heat exchanger 5 are connected by a pipe, thereby 

constituting a refrigerant circuit.  

[0011] Compressor 1 is configured to compress refrigerant. Compressor 1 has an 

inlet la and an outlet lb. Compressor 1 is configured to compress the refrigerant 

5 sucked from inlet la and discharge the refrigerant from outlet lb. Compressor 1 may 

be configured to have a variable capacity. Compressor 1 may be configured to have a 

capacity that varies through adjustment of the rotation speed of compressor 1 based on 

an instruction from a controller (not shown).  

[0012] Four-way valve 2 is connected to compressor 1, first outdoor heat exchanger 3, 

10 and indoor heat exchanger 5. Four-way valve 2 is configured to switch between 

passing the refrigerant compressed by compressor 1 to first outdoor heat exchanger 3 

and passing the refrigerant compressed by compressor 1 to indoor heat exchanger 5.  

Specifically, four-way valve 2 is configured to switch a refrigerant flow so as to pass 

the refrigerant discharged from compressor 1 to first outdoor heat exchanger 3 during 

15 cooling operation and pass the refrigerant discharged from compressor 1 to indoor heat 

exchanger 5 during heating operation.  

[0013] Four-way valve 2 includes a casing 21, a first flow channel Fl, a second flow 

channel F2, a flow channel switching piston 23, a wall portion 24, a partitioning 

member (pressure receiving portion) 25, and a pilot valve 26.  

20 [0014] Casing 21 has a cylindrical shape. Casing 21 has an interior space. Casing 

21 has an inner surface IS. Inner surface IS forms a valve seat of four-way valve 2.  

[0015] Casing 21 has a first connection port 22a, a second connection port 22b, a third 

connection port 22c, a fourth connection port 22d, a fifth connection port 22e, and a 

sixth connection port 22f. First connection port 22a is connected to outlet lb of 

25 compressor. Second connection port 22b is connected to inlet la of compressor 1.  

Third connection port 22c is connected to first outdoor heat exchanger 3. Fourth 

connection port 22d is connected to indoor heat exchanger 5. First connection port 

22a, second connection port 22b, third connection port 22c, and fourth connection port 

22d are in communication with inner surface IS. Second connection port 22b is 
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disposed to be opposite to first connection port 22a. Third connection port 22c and 

fourth connection port 22d are disposed to sandwich second connection port 22b 

therebetween. Second connection port 22b, third connection port 22c, and fourth 

connection port 22d are disposed on a straight line along the axis of casing 21. Fifth 

5 connection port 22e is in communication with the interior space of casing 21. Sixth 

connection port 22f is in communication with the interior space of casing 21.  

[0016] First flow channel F1 and second flow channel F2 are disposed in casing 21.  

First flow channel F1 is configured to pass the refrigerant from first connection port 

22a to third connection port 22c and pass the refrigerant from fourth connection port 

10 22d to second connection port 22b. Second flow channel F2 is configured to pass the 

refrigerant from first connection port 22a to fourth connection port 22d and pass the 

refrigerant from third connection port 22c to second connection port 22b.  

[0017] Flow channel switching piston 23 is disposed in casing 21. Flow channel 

switching piston 23 forms a valve body of four-way valve 2. Flow channel switching 

15 piston 23 includes a cover 23a and a bottom 23b. Cover 23a is configured to cover 

bottom 23b. A clearance between cover 23a and bottom 23b defines a flow channel.  

Flow channel switching piston 23 is configured to slide along inner surface IS. Flow 

channel switching piston 23 is configured to slide along inner surface IS to switch 

between passing the refrigerant through first flow channel F1 and passing the 

20 refrigerant through second flow channel F2. Flow channel switching piston 23 may 

be formed of a thermoplastic resin.  

[0018] Wall portion 24 is disposed in casing 21. Wall portion 24 is connected to flow 

channel switching piston 23. Wall portion 24 is configured to slide along inner 

surface IS together with flow channel switching piston 23. Wall portion 24 is 

25 disposed with a space SP between flow channel switching piston 23 and wall portion 

24 to cover flow channel switching piston 23. Space SP is provided as an 

intermediate layer between wall portion 24 and flow channel switching piston 23.  

Wall portion 24 entirely covers flow channel switching piston 23. In other words, 

wall portion 24 is disposed around flow channel switching piston 23 and is configured 
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to surround flow channel switching piston 23. Specifically, wall portion 24 forms a 

double structure together with flow channel switching piston 23. Wall portion 24 may 

be formed of a thermoplastic resin.  

[0019] Partitioning member 25 is connected to wall portion 24. A first chamber 2a 

5 and a second chamber 2b are provided between casing 21 and partitioning member 25.  

A pressure difference between first chamber 2a and second chamber 2b causes 

partitioning member 25 to slide. As partitioning member 25 slides, wall portion 24 

and flow channel switching piston 23 slide.  

[0020] Pilot valve 26 includes a first conduit 26a, a second conduit 26b, a third conduit 

10 26c, and a fourth conduit 26d. Pilot valve 26 is configured to switch connection of 

first conduit 26a, second conduit 26b, third conduit 26c, and fourth conduit 26d by a 

spring and an electromagnet that are built in pilot valve 26.  

[0021] First conduit 26a is connected to first connection port 22a. Second conduit 

26b is connected to second connection port 22b. Third conduit 26c is connected to 

15 fifth connection port 22e. Third conduit 26c is connected to first chamber 2 of casing 

21 through fifth connection port 22e. Fourth conduit 26d is connected to sixth 

connection port 22f. Fourth conduit 26d is connected to second chamber 2b of casing 

21 through sixth connection port 22f.  

[0022] First outdoor heat exchanger 3 serves to exchange heat between the refrigerant 

20 flowing in first outdoor heat exchanger 3 and the outdoor air. First outdoor heat 

exchanger 3 is connected to four-way valve 2 and first expansion valve 4. First 

outdoor heat exchanger 3 functions as a condenser that condenses the refrigerant during 

cooling operation and as an evaporator that evaporates the refrigerant during heating 

operation. First outdoor heat exchanger 3 is a heat exchanger of plate fin tube type 

25 which includes a plurality of fins and a tube passing through the plurality of fins.  

[0023] First expansion valve 4 is configured to expand the refrigerant condensed by the 

condenser to decompress the refrigerant. First expansion valve 4 is connected to first 

outdoor heat exchanger 3 and indoor heat exchanger 5. First expansion valve 4 serves 

as a throttle device that decompresses the refrigerant condensed by first outdoor heat 
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exchanger 3 during cooling operation and serves as a throttle device that decompresses 

the refrigerant condensed by indoor heat exchanger 5 during heating operation. First 

expansion valve 4 is, for example, a solenoid valve.  

[0024] Indoor heat exchanger 5 serves to exchange heat between the refrigerant 

5 flowing in indoor heat exchanger 5 and the indoor air. Indoor heat exchanger 5 is 

connected to four-way valve 2 and first expansion valve 4. Indoor heat exchanger 5 

serves as an evaporator that evaporates the refrigerant during cooling operation and 

serves as a condenser that condenses the refrigerant during heating operation. Indoor 

heat exchanger 5 is a heat exchanger of plate fin tube type which includes a plurality of 

10 fins and a tube passing through the plurality of fins.  

[0025] Next, an operation of refrigeration cycle apparatus 10 according to Embodiment 

1 will be described with reference to Figs. 2 and 3.  

[0026] First, the cooling operation of refrigeration cycle apparatus 10 according to 

Embodiment 1 will be described with reference to Fig. 2. Fig. 2 is a refrigerant circuit 

15 diagram of the refrigeration cycle apparatus according to Embodiment 1 during cooling 

operation. During cooling operation, the refrigerant circulates through the refrigerant 

circuit in order of compressor 1, four-way valve 2, first outdoor heat exchanger 3, first 

expansion valve 4, indoor heat exchanger 5, and four-way valve 2.  

[0027] High-temperature, high-pressure gas refrigerant compressed by compressor 1 is 

20 discharged from compressor 1, flows through four-way valve 2, and radiates heat to the 

outdoor air to be condensed in first outdoor heat exchanger 3, turning into high

pressure liquid refrigerant. This high-pressure liquid refrigerant flows into first 

expansion valve 4 and expands to be decompressed in first expansion valve 4, turning 

into low-temperature, low-pressure gas-liquid-two-phase refrigerant.  

25 [0028] This low-temperature, low-pressure gas-liquid-two-phase refrigerant flows into 

indoor heat exchanger 5, absorbs heat from the indoor air to evaporate in indoor heat 

exchanger 5, turning into low-pressure gas refrigerant. This low-pressure gas 

refrigerant returns to compressor 1 through four-way valve 2, and is then compressed 

by compressor 1. In this manner, the refrigerant circulates through the refrigerant 
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circuit during cooling operation.  

[0029] An operation of four-way valve 2 during cooling operation will now be 

described. During cooling operation, pilot valve 26 causes first chamber 2a of casing 

21 to have a high pressure and second chamber 2b of casing 21 to have a low pressure.  

5 This causes flow channel switching piston 23 to slide together with partitioning 

member 25, thus bringing first connection port 22a and third connection port 22c into 

communication with each other and also bringing second connection port 22b and 

fourth connection port 22d into communication with each other. This causes the 

refrigerant to flow from first connection port 22a to third connection port 22c and also 

10 flow from fourth connection port 22d to second connection port 22b. In this manner, 

the refrigerant flows through first flow channel F1 of four-way valve 2.  

[0030] Next, the heating operation of refrigeration cycle apparatus 10 according to 

Embodiment 1 will be described with reference to Fig. 3. Fig. 3 is a refrigerant circuit 

diagram of the refrigeration cycle apparatus according to Embodiment 1 during cooling 

15 operation. During heating operation, the refrigerant circulates through the refrigerant 

circuit in order of compressor 1, four-way valve 2, indoor heat exchanger 5, first 

expansion valve 4, first outdoor heat exchanger 3, and four-way valve 2.  

[0031] The high-temperature, high-pressure gas refrigerant compressed by compressor 

1 is discharged from compressor 1, flows through four-way valve 2, and radiates heat 

20 to the indoor air to be condensed in indoor heat exchanger 5, turning into high-pressure 

liquid refrigerant. This high-pressure liquid refrigerant flows into first expansion 

valve 4, expands to be decompressed in first expansion valve 4, turning into low

temperature, low-pressure gas-liquid-two-phase refrigerant.  

[0032] This low-temperature, low-pressure gas-liquid-two-phase refrigerant flows into 

25 first outdoor heat exchanger 3, and absorbs heat from the outdoor air to evaporate in 

first outdoor heat exchanger 3, turning into low-pressure gas refrigerant. This low

pressure gas refrigerant returns to compressor 1 through four-way valve 2, and is 

compressed by compressor 1. In this manner, the refrigerant circulates through the 

refrigerant circuit during heating operation.  

-9

19937883_1 (GHMatters) P117740.AU



[0033] An operation of four-way valve 2 during heating operation will now be 

described. During heating operation, pilot valve 26 causes first chamber 2a of casing 

21 to have a low pressure and second chamber 2b of casing 21 to have a high pressure.  

This causes partitioning member 25 and flow channel switching piston 23 to slide, thus 

5 bringing first connection port 22 and fourth connection port 22d into communication 

with each other and bringing second connection port 22b and third connection port 22c 

into communication with each other. This causes the refrigerant to flow from first 

connection port 22a to fourth connection port 22d and also flow from third connection 

port 22c to second connection port 22b. In this manner, the refrigerant flows through 

10 second flow channel F2 of four-way valve 2.  

[0034] Next, the functions and effects of refrigeration cycle apparatus 10 according to 

Embodiment 1 will be described while comparing with those of a comparative 

example. For convenience of description, four-way valve 2 during cooling operation 

will be described by way of example.  

15 [0035] A configuration of refrigeration cycle apparatus 10 according to the 

comparative example will be described with reference to Fig. 4. Fig. 4 is a refrigerant 

circuit diagram of refrigeration cycle apparatus 10 according to the comparative 

example. Refrigeration cycle apparatus 10 according to the comparative example has 

the same configuration and operation as those of refrigeration cycle apparatus 10 

20 according to Embodiment 1 unless otherwise noted. Refrigeration cycle apparatus 10 

according to the comparative example is different from refrigeration cycle apparatus 10 

according to Embodiment 1 mainly in that it includes no wall portion of refrigeration 

cycle apparatus 10 according to Embodiment 1.  

[0036] Referring to Fig. 5, description will be given of a leakage flow rate of the 

25 refrigerant that leaks from the high-pressure side to the low-pressure side in four-way 

valve 2 of refrigeration cycle apparatus 10 according to the comparative example. As 

indicated by the open arrow in Fig. 5, the refrigerant leaks from the high-pressure side 

to the low-pressure side through the gap between flow channel switching piston 23 and 

inner surface IS.  
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[0037] Generally, the relation among a flow rate coefficient Cv, a leakage flow rate Gr, 

and a pressure difference AP is represented by Expression (1) below.  

[0038] [Math 1] 

Gr oc Cv x VKP (1) 

5 [0039] Expression (1) above is represented by Expression (2) with the use of a constant 

of proportion K, a high-pressure-side pressure P1, a low-pressure-side pressure P2, and 

a flow rate coefficient Cvi at a leakage spot in the sliding portion of flow channel 

switching piston 23. High-pressure-side pressure P1 is a pressure outside of flow 

channel switching piston 23. Low-pressure-side pressure P2 is a pressure inside of 

10 flow channel switching piston 23.  

[0040] [Math 2] 

Gr= K xCv1 xVP1-P2 (2) 

[0041] Referring to Fig. 6, description will be given of a leakage flow rate of the 

refrigerant that leaks from the high-pressure side to the low-pressure side in four-way 

15 valve 2 of refrigeration cycle apparatus 10 according to Embodiment 1. As indicated 

by the open arrows in Fig. 6, the refrigerant leaks from the high-pressure side to the 

low-pressure side through the gap between wall portion 24 and inner surface IS and 

through the gap between flow channel switching piston 23 and inner surface IS. The 

pressure outside of wall portion 24 is a high pressure, and the pressure inside of flow 

20 channel switching piston 23 is a low pressure. The pressure in space SP between wall 

portion 24 and flow channel switching piston 23 is an intermediate pressure.  

[0042] Constant of proportion K, high-pressure-side pressure P1, a pressure Pm in 

space SP between wall portion 24 and flow channel switching piston 23, a flow rate 

coefficient Cv2 at a leakage spot in the sliding portion along which inner surface IS 

25 slides, and a leakage flow rate Gr' at that spot is represented by Expression (3) below.  

High-pressure-side pressure P1 is a pressure outside of wall portion 24.  

[0043] [Math 3] 

Gr' = K x Cv 2 x VP1 - Pm (3) 
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[0044] Constant of proportion K, low-pressure-side pressure P2, pressure Pm in space 

SP between wall portion 24 and flow channel switching piston 23, flow rate coefficient 

Cvi at a leakage spot in the sliding portion of flow channel switching piston 23 on 

which inner surface IS slides, and a leakage flow rate Gr" at that spot is represented by 

5 Expression (4) below. Low-pressure-side pressure P2 is a pressure inside of flow 

channel switching piston 23.  

[0045] [Math 4] 

Gr" = K x Cv1 x V Pm- P2 (4) 

[0046] Since leakage flow rate Gr' and leakage flow rate Gr" are equal to each other 

10 (Gr'= Gr") once the state of the refrigerant is stabilized, Expression (5) below is 

obtained by rearranging Expressions (3) and (4) above.  

[0047] [Math 5] 

Gr' = Gr" = K x X VP1 - P2 (5) 

[0048] In Expression (5), the value of the term including the flow rate coefficient is 

15 smaller than that of flow rate coefficient Cvi as represented by Expressions (6) and (7) 

below. Thus, the leakage flow rate of the refrigerant decreases as wall portion 24 is 

provided.  

[0049] When flow rate coefficient Cvi is not greater than flow rate coefficient Cv2 (Cvi 

5 Cv2), the flow rate coefficient is represented by Expression (6) below.  

20 [0050] [Math 6] 

1 1 V 
1 <11 - Cv1 <Cv1  (6) 

F+ 2 

[0051] When flow rate coefficient Cv2 is not greater than flow rate coefficient Cvi (Cv2 

SCvi), the flow rate coefficient is represented by Expression (7) below.  

[0052] [Math 7] 

25 1 - Cv2 <Cv1  (7) 
C1 12 1V 1 2 

[0053] As described above, according refrigeration cycle apparatus 10 of Embodiment 
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1, in our-way valve 2, wall portion 24 is configured to slide along the inner surface 

together with flow channel switching piston 23 and is disposed with space SP between 

flow channel switching piston 23 and wall portion 24 to cover flow channel switching 

piston 23. The pressure of the refrigerant in space SP between wall portion 24 and 

5 flow channel switching piston 23 can thus be an intermediate pressure between the 

high-pressure side and the low-pressure side. This can reduce an amount of the 

refrigerant that leaks from the high-pressure side to the low-pressure side in four-way 

valve 2. The amount of the refrigerant flowing into indoor heat exchanger 5 can thus 

be increased. As a result, heat exchange performance can be improved.  

10 [0054] According to refrigeration cycle apparatus 10 of Embodiment 1, first flow 

channel F1 is configured to pass the refrigerant from first connection port 22a to third 

connection port 22c and pass the refrigerant from fourth connection port 22d to second 

connection port 22b. Second flow channel F2 is configured to pass the refrigerant 

from first connection port 22a to fourth connection port 22d and pass the refrigerant 

15 from third connection port 22c to second connection port 22b. This allows flow 

channel switching piston 23 to switch between passing the refrigerant from first 

connection port 22a to third connection port 22c and also from fourth connection port 

22d to second connection port 22b, and passing the refrigerant from first connection 

port 22a to fourth connection port 22d and also from third connection port 22c to 

20 second connection port 22b.  

[0055] In refrigeration cycle apparatus 10 according to Embodiment 1, wall portion 24 

and flow channel switching piston 23 are each formed of a thermoplastic resin. The 

thermoplastic resin has a thermal conductivity of 0.2 to 0.5 (W/mK). On the other 

hand, a HFC refrigerant, such as R32, has a thermal conductivity of 0.02(W/mK) in the 

25 gas phase. Thus, the HFC refrigerant in the gas phase has a higher heat insulation 

capacity than the thermoplastic resin. Thus, as the refrigerant fills a gap between wall 

portion 24 and flow channel 23, refrigeration cycle apparatus 10 according to 

Embodiment 1 has more improved heat insulation performance than in the case where 

wall portion 24 and the flow channel switching piston are each formed of only the 
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thermoplastic resin. This can reduce a heat loss in four-way valve 2.  

[0056] Embodiment 2 

Embodiment 2 has the same configuration and operation as well as functions 

and effects as those of Embodiment 1 unless otherwise noted. Thus, the same 

5 components of Embodiment 2 as those of Embodiment 1 are denoted by the same 

reference numerals, and redundant description will not be repeated. Embodiment 2 is 

different from Embodiment 1 mainly in that it includes a first intermediate pressure 

channel.  

[0057] The configuration of refrigeration cycle apparatus 10 according to Embodiment 

10 1 will be described with reference to Figs. 7 and 8. Fig. 7 is a refrigerant circuit 

diagram of refrigeration cycle apparatus 10 according to Embodiment 2. Fig. 8 is an 

enlarged sectional view taken along the line VIII-VIII of Fig. 7.  

[0058] Refrigeration cycle apparatus 10 according to Embodiment 2 further includes a 

first channel RI, a second channel R2, and a first intermediate pressure channel M1.  

15 First channel RI connects first outdoor heat exchanger 3 to first expansion valve 4.  

First channel RI is configured by connecting first outdoor heat exchanger 3 to first 

expansion valve 4 by a pipe. Second channel R2 connects compressor 1 to first 

outdoor heat exchanger 3. Second channel R2 is configured by connecting 

compressor 1 to first outdoor heat exchanger 3 by a pipe. Specifically, second 

20 channel R2 is configured by connecting compressor 1 to first outdoor heat exchanger 3 

by a pipe through four-way valve 2. First channel RI and second channel R2 are 

disposed on the high-pressure side of the refrigerant circuit.  

[0059] First intermediate pressure channel M1 connects first channel RI or second 

channel R2 to space SP of four-way valve 2. First intermediate pressure channel M1 

25 is configured by connecting first channel RI or second channel R2 to space SP of four

way valve 2 by a pipe. First intermediate pressure channel M1 includes an on-off 

valve MB. On-off valve MB is configured to open and close the first intermediate 

pressure channel. On-off valve MB is, for example, a solenoid valve. In 

Embodiment 2, first intermediate pressure channel M1 connects first channel RI to 
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space SP of four-way valve 2.  

[0060] Next, an operation of refrigeration cycle apparatus 10 according to Embodiment 

2 will be described with reference to Fig. 9. For convenience of description, 

refrigeration cycle apparatus 10 during cooling operation will be described by way of 

5 example.  

[0061] At the start of operation (at the activation of a compressor), on-off valve MB of 

first intermediate pressure channel M1 is opened. On-off valve MB is opened for a 

certain period of time for generating an intermediate pressure and is closed after a lapse 

of the certain period of time. As a result, an intermediate pressure is generated 

10 immediately at the start of operation in space SP of four-way valve 2.  

[0062] Next, the functions and effects of refrigeration cycle apparatus 10 according to 

Embodiment 2 will be described while comparing with those of refrigeration cycle 

apparatus 10 according to Embodiment 1.  

[0063] Referring to Figs. 10 and 11, description will be given of the state before the 

15 completion of generation of an intermediate pressure at four-way valve 2 in 

refrigeration cycle apparatus 10 according to Embodiment 2. Fig. 10 is a graph 

showing a time that elapses before the completion of generation of an intermediate 

pressure in the refrigeration cycle apparatus according to Embodiment 1 for 

comparison with refrigeration cycle apparatus 10 according to Embodiment 2. Fig. 11 

20 is a graph showing a time that elapses before the completion of generation of an 

intermediate pressure in refrigeration cycle apparatus 10 according to Embodiment 2.  

[0064] Referring to Fig. 10, refrigeration cycle apparatus 10 according to Embodiment 

1 includes no first intermediate pressure channel M1, and accordingly, an intermediate 

pressure is generated gradually from the pressure at the time of stop of operation in 

25 four-way valve 2. This results in a longer time (tI) that elapses before the completion 

of generation of an intermediate pressure than in Embodiment 2.  

[0065] Referring to Fig. 11, in refrigeration cycle apparatus 10 according to 

Embodiment 2, as on-off valve MB of first intermediate pressure channel M1 is opened 

at the start of operation, the pressure in space SP is equal to a high pressure in four-way 
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valve 2. As on-off valve MB is closed, the pressure in space SP in four-way valve 2 

decreases from the high pressure to the intermediate pressure. This can reduce the 

time (tl) that elapses before the completion of generation of the intermediate pressure 

more than in Embodiment 1.  

5 [0066] As described above, according to refrigeration cycle apparatus 10 of 

Embodiment 2, first intermediate pressure channel M1 connects first channel RI or 

second channel R2 to space SP of four-way valve 2, and on-off valve MB is configured 

to open and close first intermediate pressure channel M1. Thus, as the high-pressure 

refrigerant is passed from first channel RI or second channel R2 to space SP of four

10 way valve 2, an intermediate pressure can be generated immediately in space SP.  

[0067] According to refrigeration cycle apparatus 10 of Embodiment 2, first 

intermediate pressure channel M1 connects first channel RI to the space. The 

refrigerant, the temperature of which has decreased due to heat radiation to the outdoor 

air in first outdoor heat exchanger 3, can thus be passed to space SP of four-way valve 

15 2. This can restrain heat transfer from the refrigerant flowing through space SP of 

four-way valve 2 to the refrigerant flowing in flow channel switching piston 23.  

[0068] Embodiment 3 

Embodiment 3 has the same configuration and operation as well as functions 

and effects as those of Embodiment 1 unless otherwise noted. Thus, the same 

20 components of Embodiment 3 as those of Embodiment 1 are denoted by the same 

reference numerals, and redundant description will not be repeated. Embodiment 3 is 

different from Embodiment 1 mainly in that it includes a second intermediate pressure 

channel, a second expansion valve, and a second outdoor heat exchanger.  

[0069] The configuration of refrigeration cycle apparatus 10 according to Embodiment 

25 3 will be described with reference to Fig. 12. Fig. 12 is a refrigerant circuit diagram 

of refrigeration cycle apparatus 10 according to Embodiment 3.  

[0070] Refrigeration cycle apparatus 10 according to Embodiment 3 further includes a 

first channel RI and a second intermediate pressure channel M2. First channel RI 

connects first outdoor heat exchanger 3 to first expansion valve 4. First channel RI is 
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configured by connecting first outdoor heat exchanger 3 to first expansion valve 4 by a 

pipe. First channel RI includes a second expansion valve 4a. Second expansion 

valve 4a is configured to expand the refrigerant condensed in the condenser to 

decompress the refrigerant. Second expansion valve 4a is connected to first outdoor 

5 heat exchanger 3. Second expansion valve 4a is, for example, a solenoid valve.  

[0071] Second intermediate pressure channel M2 connects first channel RI to space SP 

of four-way valve 2. Second intermediate pressure channel M2 is configured by 

connecting first channel RI to space SP of four-way valve 2 by a pipe. Second 

intermediate pressure channel M2 is always opened. Second intermediate pressure 

10 channel M can thus include no on-off valve. Second intermediate pressure channel 

M2 is connected to between first expansion valve 4 and second expansion valve 4a in 

first channel RI.  

[0072] First channel RI includes a second outdoor heat exchanger 3a. Second 

outdoor heat exchanger 3a serves to exchange heat between the refrigerant flowing in 

15 second outdoor heat exchanger 3a and the outside air. Second outdoor heat exchanger 

3a is disposed between first expansion valve 4 and second expansion valve 4a in first 

channel RI. Second intermediate pressure channel M2 is connected to between 

second expansion valve 4a and second outdoor heat exchanger 3a in first channel RI.  

[0073] Next, an operation of refrigeration cycle apparatus 10 according to Embodiment 

20 3 will be described with reference to Figs. 12 and 13. For convenience of description, 

refrigeration cycle apparatus 10 during cooling operation will be described by way of 

example.  

[0074] The high-temperature, high-pressure gas refrigerant compressed by compressor 

1 flows through four-way valve 2 and is condensed in first outdoor heat exchanger 3, 

25 turning into high-temperature liquid refrigerant. This high-temperature liquid 

refrigerant flows into second expansion valve 4a and expands to be decompressed in 

expansion valve 4a, turning into gas-liquid-two-phase refrigerant.  

[0075] This gas-liquid-two-phase refrigerant flows into second outdoor heat exchanger 

3a and is condensed in second outdoor heat exchanger 3a, turning into high
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temperature liquid refrigerant. This high-temperature liquid refrigerant flows into first 

expansion valve 4 and expands to be decompressed in first expansion valve 4, turning 

into low-temperature, low-pressure gas-liquid-two-phase refrigerant.  

[0076] This low-temperature, low-pressure gas-liquid-two-phase refrigerant flows into 

5 indoor heat exchanger 5 and absorbs heat from the indoor air to evaporate in indoor 

heat exchanger 5, turning into low-pressure gas refrigerant. This low-pressure gas 

refrigerant returns to compressor 1 through four-way valve 2 and is compressed by 

compressor 1. In this manner, the refrigerant circulates through the refrigerant circuit 

during cooling operation.  

10 [0077] Next, the functions and effects of refrigeration cycle apparatus 10 according to 

Embodiment 3 will be described.  

According to refrigeration cycle apparatus 10 of Embodiment 3, second 

intermediate pressure channel M2 is connected to between first expansion valve 4 and 

second expansion valve 4a in first channel RI. Thus, the pressure between first 

15 expansion valve 4 and second expansion valve 4a can generate an intermediate pressure 

in space SP of four-way valve 2.  

[0078] According to refrigeration cycle apparatus 10 of Embodiment 3, second 

intermediate pressure channel M2 is connected to between second expansion valve 4a 

and second outdoor heat exchanger 3a in first channel RI. Thus, a part of the leakage 

20 flow rate of the refrigerant in four-way valve 2 is collected by first channel RI and 

condensed in second outdoor heat exchanger 3a. The collected refrigerant flows into 

indoor heat exchanger 5, and accordingly, the amount of the refrigerant flowing 

through indoor heat exchanger 5 can be increased.  

[0079] It should be construed that the embodiments disclosed herein are given by way 

25 of illustration in all respects, not by way of limitation. It is therefore intended that the 

scope of the present invention is defined by claims, not only by the embodiments 

described above, and encompasses all modifications and variations equivalent in 

meaning and scope to the claims.  

[0081] It is to be understood that, if any prior art publication is referred to herein, such 

- 18 

19937883_1 (GHMatters) P117740.AU



reference does not constitute an admission that the publication forms a part of the 

common general knowledge in the art, in Australia or any other country.  

[0082] In the claims which follow and in the preceding description of the invention, 

except where the context requires otherwise due to express language or necessary 

5 implication, the word "comprise" or variations such as "comprises" or "comprising" is 

used in an inclusive sense, i.e. to specify the presence of the stated features but not to 

preclude the presence or addition of further features in various embodiments of the 

invention.  

10 REFERENCE SIGNS LIST 

[0083] 1 compressor; la inlet; lb outlet; 2 four-way valve; 3 first outdoor heat 

exchanger; 3a second outdoor heat exchanger; 4 first expansion valve; 4a second 

expansion valve; 5 indoor heat exchanger; 10 refrigeration cycle apparatus; 21 

casing; 22a first connection port; 22b second connection port; 22c third 

15 connection port; 22d fourth connection port; 22e fifth connection port; 22f sixth 

connection port; 23 switching piston; 24 wall portion; 25 partitioning member; 

26 pilot valve; F first flow channel; F2 second flow channel; IS inner surface; 

M first intermediate pressure channel; M2 second intermediate pressure channel; 

RI first channel; R2 second channel; SP space.  

20 

- 19 

19937883_1 (GHMatters) P117740.AU



CLAIMS 

1. A refrigeration cycle apparatus comprising: 

a compressor configured to compress refrigerant; 

5 a four-way valve connected to the compressor; 

a first outdoor heat exchanger connected to the four-way valve; 

a first expansion valve connected to the first outdoor heat exchanger; and 

an indoor heat exchanger connected to the first expansion valve and the four

way valve, 

10 the four-way valve being configured to switch between passing the refrigerant 

compressed by the compressor to the first outdoor heat exchanger in a first flow path 

and passing the refrigerant compressed by the compressor to the indoor heat exchanger 

in a second flow path, 

the four-way valve comprising 

15 a casing having an inner surface, and 

a flow path switching piston and a wall portion disposed in the casing, 

the flow path switching piston providing a channel, and being configured to 

slide along the inner surface, to switch between a first position in which the channel 

forms a part of the first flow path for passing the refrigerant through the four-way valve 

20 and a second position in which the channel forms a part of the second flow path for 

passing the refrigerant through the four-way valve, 

the wall portion being configured to slide along the inner surface together with 

the flow path switching piston, the wall portion being disposed so that there is a space 

between the flow path switching piston and the wall portion to cover the flow path 

25 switching piston, 

wherein in use, leakage refrigerant from a high-pressure side of the four-way 

valve toward a low-pressure side of the four-way valve will pass through the space.  

2. The refrigeration cycle apparatus according to claim 1, wherein 

- 20 

19937883_1 (GHMatters) P117740.AU



the compressor has an inlet and an outlet and is configured to compress the 

refrigerant sucked from the inlet and discharge the refrigerant from the outlet, 

the casing comprises 

a first connection port connected to the outlet of the compressor, 

5 a second connection port connected to the inlet of the compressor, 

a third connection port connected to the first outdoor heat exchanger, 

and 

a fourth connection port connected to the indoor heat exchanger, 

the first flow path is configured to pass the refrigerant from the first connection 

10 port to the third connection port and pass the refrigerant from the fourth connection 

port to the second connection port, and 

the second flow path is configured to pass the refrigerant from the first 

connection port to the fourth connection port and pass the refrigerant from the third 

connection port to the second connection port.  

15 

3. The refrigeration cycle apparatus according to claim 1 or 2, further 

comprising: 

a first channel connecting the first outdoor heat exchanger to the first expansion 

valve; 

20 a second channel connecting the compressor to the first outdoor heat exchanger; 

and 

a first intermediate pressure channel connecting the first channel or the second 

channel to the space, wherein 

the first intermediate pressure channel comprises an on-off valve, and 

25 the on-off valve is configured to open and close the first intermediate pressure 

channel.  

4. The refrigeration cycle apparatus according to claim 3, wherein the first 

intermediate pressure channel connects the first channel to the space.  
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5. The refrigeration cycle apparatus according to claim 1 or 2, further 

comprising: 

a first channel connecting the first outdoor heat exchanger to the first expansion 

5 valve; and 

a second intermediate pressure channel connecting the first channel to the 

space, wherein 

the first channel comprises a second expansion valve, and 

the second intermediate pressure channel is connected to between the first 

10 expansion valve and the second expansion valve in the first channel.  

6. The refrigeration cycle apparatus according to claim 5, wherein 

the first channel comprises a second outdoor heat exchanger, 

the second outdoor heat exchanger is disposed between the first expansion valve 

15 and the second expansion valve in the first channel, and 

the second intermediate pressure channel is connected to between the second 

expansion valve and the second outdoor heat exchanger in the first channel.  
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