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7 (57) Abstract: An air conditioning device (100) wherein an 
indoor unit (101) is equipped with a header main pipe (91a) 
to which indoor piping (9a) is connected by means of a 

xv soldered part (W), and with header branch pipes (92a), and 
the header branch pipes (92a) are connected by means of the 
soldered part (W) to one end part (71 a) of heat transfer pipes 

94 (71) forming an indoor heat exchanger (7), with indoor refri
gerant branch pipes (92b) being connected by means of the 
soldered part (W) to indoor piping (9b), the other end part 
(71b) of the heat transfer pipes (71) being connected to the 

92b indoor refrigerant branch pipes (92b), and a first leaking re
frigerant receiving part (94) being provided under the 

91a soldered parts (W), and a first temperature sensor (S4) being 
arranged within the first leaking refrigerant receiving part 

92a (94). A second leaking refrigerant receiving part (95) is 
provided under flare connectors (15a, 15b) which connect 
the indoor piping (9a, 9b) and extended piping (10a, 10b), 

9a and a second temperature sensor (S5) is arranged within the 
70 71b second leaking refrigerant receiving part (95).  
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DESCRIPTION 

Title of Invention 

AIR-CONDITIONING APPARATUS AND REFRIGERANT LEAKAGE DETECTION 

METHOD 

5 Technical Field 

[0001] 

The present invention relates to an air-conditioning apparatus and a 

refrigerant leakage detection method. The present invention particularly relates to 

an air-conditioning apparatus that performs a refrigeration cycle using a refrigerant 

10 with a low global warming potential, and a refrigerant leakage detection method for 

use in the air-conditioning apparatus.  

Background Art 

[0002] 

Conventionally, "HFC refrigerants" such as non-flammable R41 0A have been 

15 used as a refrigerant for a refrigeration cycle performed by an air-conditioning 

apparatus. Unlike conventional "HCFC refrigerants" such as R22, R410A has an 

ozone depletion potential (hereinafter referred to as "ODP") of zero and does not 

damage the ozone layer. However, R41 GA has the property of a high global 

warming potential (hereinafter referred to as "GWP").  

20 Therefore, as part of prevention of global warming, studies are underway to 

shift from HFC refrigerants with a high GWP such as R41 0A to refrigerants with a 

low GWP.  

[0003] 

Candidates for such a low-GWP refrigerant include HC refrigerants such as 

25 natural refrigerants R290 (C3H8; propane) and R1270 (C3H6; propylene).  

However, unlike non-flammable R41 GA, these refrigerants are highly flammable, 

and therefore attention needs to be paid to refrigerant leakage.  

[0004]



Candidates for such a low-GWP refrigerant also include HFC refrigerants 

that do not have a carbon double bond in their composition, such as R32 (CH2F2; 

difluoromethane) with a lower GWP than R410A, for example.  

Candidates for such a refrigerant also include halogenated hydrocarbons 

5 that are a type of HFC refrigerant, similar to R32, and that have a carbon double 

bond in their composition. Examples of such halogenated hydrocarbons include 

HFO-1234yf (CF3CF=CH 2; tetrafluoropropene) and HFO-1234ze (CF3-CH=CHF).  

Note that, to be distinguished from HFC refrigerants, such as R32, not having a 

carbon double bond in their composition, HFC refrigerants having a carbon double 

10 bond are often referred to as "HFO" using "O" in olefin (unsaturated hydrocarbons 

having a carbon double bond are called olefins).  

[0005] 

These low-GWP HFC refrigerants (including HFO refrigerants) are not as 

highly flammable as HC refrigerants such as the natural refrigerant R290 (C3H5 ; 

15 propane), but are slightly flammable, unlike the non-flammable R41 0A. Therefore, 

as in the case of R290, attention needs to be paid to refrigerant leakage.  

Hereinafter, refrigerants that are flammable, including even those slightly 

flammable, are referred to as "flammable refrigerants".  

[0006] 

20 In the case where a flammable refrigerant leaks into the indoor living space, 

the refrigerant concentration in the room increases and may reach a flammable 

concentration while the operation is stopped (while an indoor fan is not rotating).  

That is, a flammable concentration is not developed by slow leakage in cases such 

as when a pinhole is formed in a heat exchanger and when a flare joint is loose, 

25 because the leakage speed is low. However, a flammable concentration is likely 

to be developed by rapid leakage in cases such as when a connection portion 

between pipes is broken by an external force and when a flare joint comes off, 

because the leakage speed is high. Note that while the air-conditioning apparatus 

is in operation, even if the refrigerant leaks, the refrigerant concentration does not



increase to a flammable concentration, because the indoor air is agitated and the 

leaked refrigerant is diffused.  

[0007] 

In view of the above, there is disclosed a split type air-conditioning apparatus 

5 that includes a temperature sensor disposed at a position in a refrigerant circuit 

where liquid refrigerant is likely to accumulate, more specifically, at the lower part of 

a header of an indoor heat exchanger, and a refrigerant leakage determining unit, 

which determines that the refrigerant is leaking when the refrigerant temperature 

detected by the temperature sensor decreases at a speed higher than a 

10 predetermined speed while a compressor is stopped (see, for example, Patent 

Literature 1).  

Citation List 

Patent Literature 

[0008] 

15 Patent Literature 1: Japanese Unexamined Patent Application Publication 

No. 2000-81258 (page 3, Fig. 2) 

[0008a] 

Reference to any prior art in the specification is not, and should not be taken 

as, an acknowledgment or any form of suggestion that this prior art forms part of 

20 the common general knowledge in any jurisdiction or that this prior art could 

reasonably be expected to be understood, regarded as relevant and/or combined 

with other pieces of prior art by a person skilled in the art.  

Summary of Invention 

[0008b] 

25 As used herein, except where the context requires otherwise, the term 

"comprise" and variations of the term, such as "comprising", "comprises" and 

"comprised", are not intended to exclude further additives, components, integers or 

steps.  

Technical Problem 

30 [0009]



However, according to the split type air-conditioning apparatus disclosed in 

Patent Literature 1, the temperature sensor is disposed at a predetermined position 

in the refrigerant circuit, and a determination is made that the refrigerant is leaking 

if the temperature sensor detects a rapid reduction in temperature due to 

5 evaporation of the liquid refrigerant at the position where the temperature sensor is 

disposed. Therefore, there are the following problems.  

(a) Since the refrigerant distribution in the refrigerant circuit is not always 

uniform while the refrigerant circuit is stopped, the liquid refrigerant does not always 

accumulate at the position where the temperature sensor is disposed. Therefore, 

10 in the case where the liquid refrigerant is not present, even when refrigerant 

leakage occurs, it is difficult to detect the occurrence of refrigerant leakage.  

(b) Further, even if, after occurrence of refrigerant leakage, the liquid 

refrigerant moves to the position where the temperature sensor is disposed and a 

rapid reduction in temperature due to evaporation of the liquid refrigerant is 

15 detected, it is not possible to quickly detect the occurrence of refrigerant leakage 

because the movement of the liquid refrigerant takes time.  

[0010] 

(c) Further, even if refrigerant leakage occurs when the liquid refrigerant is 

accumulated at the position where the temperature sensor is disposed, or even if 

20 the liquid refrigerant moves to the position where the temperature sensor is 

disposed after occurrence of refrigerant leakage, in the case where the amount of 

the accumulated liquid refrigerant or the amount of the liquid refrigerant having 

moved thereto is small, the refrigerant leakage may not be detected because the 

amount of temperature reduction (the amount of heat removal) is small.  

25 (d) Further, since the temperature sensor is disposed in a pipe forming the 

refrigerant circuit or in a liquid storing part formed in a pipe, even if the temperature 

of the liquid refrigerant decreases rapidly, the occurrence of refrigerant leakage 

may not be detected quickly, or refrigerant leakage itself may not be detected, 

because a change in temperature that is detected by the temperature sensor is 

30 reduced due to the heat capacity (heat inertia) of the pipe or the liquid storing part.  

A
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[0011] 

The present invention has been made in light of the above problems, and 

aims to provide an air-conditioning apparatus and a refrigerant leakage detection 

method capable of quickly and reliably detecting refrigerant leakage.  

5 [0012] 

According to a first aspect of the invention there is provided an air

conditioning apparatus comprising an outdoor unit including at least a compressor 

and an outdoor pipe, an indoor unit including at least an indoor heat exchanger, an 

indoor fan, and an indoor pipe, an extension pipe connecting the outdoor pipe and 

10 the indoor pipe to each other, a first temperature sensor disposed under a 

connection portion connecting the indoor heat exchanger and the indoor pipe to 

each other, and a control unit configured to determine whether a refrigerant having 

a higher specific gravity than indoor air is leaking from the connection portion, on 

the basis of a change in a temperature detected by the first temperature sensor, 

15 while the indoor fan is stopped, wherein a first leaked refrigerant receiver is 

disposed under the connection portion and the first temperature sensor is disposed 

in the first leaked refrigerant receiver, wherein the indoor heat exchanger includes a 

radiator plate and a heat-transfer pipe extending through the radiator plate, wherein 

the indoor pipe includes a gas-side indoor pipe and a liquid-side indoor pipe, 

20 wherein a header main pipe and a header branch pipe connected to the header 

main pipe are interposed between the gas-side indoor pipe and the indoor heat 

exchanger, wherein an indoor refrigerant branch pipe is interposed between the 

liquid-side indoor pipe and the indoor heat exchanger, and wherein the connection 

portion includes a brazed portion between the gas-side indoor pipe and the header 

25 main pipe, a brazed portion between the header main pipe and the header branch 

pipe, a brazed portion between the header branch pipe and a first end of the heat

transfer pipe, a brazed portion between a second end of the heat-transfer pipe and 

5
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the indoor refrigerant branch pipe, and a brazed portion between the indoor 

refrigerant branch pipe and the liquid-side indoor pipe.  

[0012a] 

According to a second aspect of the invention there is provided an air

5 conditioning apparatus comprising: an outdoor unit including at least a compressor 

and an outdoor pipe; an indoor unit including at least an indoor heat exchanger, an 

indoor fan, and an indoor pipe; an extension pipe connecting the outdoor pipe and 

the indoor pipe to each other; a joint part connecting the indoor heat exchanger and 

the extension pipe to each other; a leaked refrigerant receiver having a funnel 

10 shape disposed under the joint part; a temperature sensor disposed under the 

leaked refrigerant receiver; and a control unit configured to determine whether a 

refrigerant having a higher specific gravity than indoor air is leaking from the joint 

part or not, on the basis of a change in the temperature detected by the 

temperature sensor, while the indoor fan is stopped.  

15 [0012b] 

According to a third aspect of the invention there is provided a refrigerant 

leakage detection method for use in the air-conditioning apparatus of claim 1, the 

refrigerant leakage detection method comprising: detecting, by the first temperature 

sensor, a temperature while the indoor fan is stopped; determining, by the control 

20 unit, that the refrigerant is leaking, if an amount of change in the temperature 

detected by the first temperature sensor is greater than a certain threshold when 

the detected temperature decreases; and causing, by the control unit, the indoor 

fan to rotate, when the control unit determines that the refrigerant is leaking.  

[0013] 

25 According to the present disclosure, the first temperature sensor is disposed 

under the connection portion connecting the heat exchanger and the indoor pipe to 

each other where refrigerant is likely to leak in a housing of the indoor unit.  

Therefore, if a refrigerant having a higher specific gravity than indoor air leaks from 

the connection portion, the first temperature sensor can directly detect a reduction 

5a
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in temperature of the atmosphere (leaked refrigerant itself; in some cases, ambient 

air is included) due to the vaporization heat (heat removal) at the time of adiabatic 

expansion of the leaked refrigerant. Thus, it is possible to quickly and accurately 

detect leakage of the refrigerant at an early stage of the occurrence of refrigerant 

5 leakage (at a time point when the cumulative amount of leakage is relatively low), 

without being affected by the heat capacity of the pipe or another related 

component.  

Brief Description of Drawings 

[0014] 

10 [Fig. 1] Fig. 1 is a refrigerant circuit diagram schematically illustrating the 

configuration of a refrigerant circuit of an air-conditioning apparatus according to 

Embodiment 1 of the present invention.  

[Fig. 2] Fig. 2 is a front view illustrating the appearance of an indoor unit of 

the air-conditioning apparatus according to Embodiment 1 of the present invention.  

15 [Fig. 3] Fig. 3 is a partially transparent front view illustrating the internal 

configuration of the indoor unit of Fig. 2.  

[Fig. 4] Fig. 4 is a partially transparent side view illustrating the internal 

configuration of the indoor unit of Fig. 2.  

5b



[Fig. 5] Fig. 5 is an enlarged partial front view schematically illustrating the 

connection between an indoor heat exchanger and an indoor pipe in the indoor unit 

of Fig. 2.  

[Fig. 6A] Fig. 6A is a cross-sectional plan view illustrating an example of the 

5 installation form of a temperature sensor in the indoor unit of Fig. 2.  

[Fig. 6B] Fig. 6B is a front view illustrating the example of the installation form 

of a temperature sensor in the indoor unit of Fig. 2.  

[Fig. 7] Fig. 7 is a flowchart for explaining a refrigerant leakage detection 

method according to Embodiment 2 of the present invention.  

10 [Fig. 8] Fig. 8 illustrates the experimental results representing the 

temperature detection characteristics for explaining the refrigerant leakage 

detection method according to Embodiment 2 of the present invention.  

[Fig. 9] Fig. 9 is a diagram for explaining an air-conditioning apparatus 

according to Embodiment 3 of the present invention, and is a schematic partially 

15 transparent side view of an indoor unit.  

[Fig. 1 0A] Fig. 1 GA is a diagram for explaining an air-conditioning apparatus 

according to Embodiment 4 of the present invention, and is a schematic partially 

transparent top view of an indoor unit.  

[Fig. 1GB] Fig. 1GB is a diagram for explaining the air-conditioning apparatus 

20 according to Embodiment 4 of the present invention, and is a schematic partially 

transparent side view of the indoor unit.  

[Fig. 11A] Fig. 11A is a bottom plan view for explaining an air-conditioning 

apparatus according to Embodiment 5 of the present invention.  

[Fig. 11 B] Fig. 11 B is a cross-sectional side view for explaining the air

25 conditioning apparatus according to Embodiment 5 of the present invention.  

Description of Embodiments 

[0015] 

[Embodiment 1] 

Figs. 1 to 4 are diagrams for explaining an air-conditioning apparatus 

30 according to Embodiment 1 of the present invention. Fig. 1 is a refrigerant circuit



diagram schematically illustrating the configuration of a refrigerant circuit. Fig. 2 is 

a front view illustrating the appearance of an indoor unit. Fig. 3 is a partially 

transparent front view illustrating the internal configuration of the indoor unit. Fig.  

4 is a partially transparent side view illustrating the internal configuration of the 

5 indoor unit. Note that the drawings are schematic, and the present invention is not 

limited to the embodiment illustrated in the drawings.  

[0016] 

In Fig. 1, an air-conditioning apparatus 100 is a separate type air

conditioning apparatus including an indoor unit (i.e., a load-side unit) 101 that is 

10 installed in the room, an outdoor unit (i.e., a heat-source-side unit) 102 that is 

installed in outdoors (not illustrated), extension pipes 10a and 1Ob connecting the 

indoor unit 101 and the outdoor unit 102 to each other.  

Further, a control unit 1 is disposed in the indoor unit 101. As will be 

described below, the control unit 1 controls respective components and determines 

15 whether refrigerant is leaking.  

[0017] 

(Refrigerant Circuit of Outdoor Unit) 

The outdoor unit 102 includes a compressor 3 that compresses and 

discharges refrigerant, a refrigerant flow switching valve (hereinafter referred to as 

20 a "four-way valve") 4 that changes the flow direction of the refrigerant in the 

refrigerant circuit on switching between a cooling operation and a heating 

operation, an outdoor heat exchanger 5 as a heat-source-side heat exchanger that 

exchanges heat between the outdoor air and the refrigerant, and a pressure 

reducing device (hereinafter referred to as an expansion valve) 6 as an expanding 

25 unit, such as an electronically-controlled expansion valve, that has a variable 

opening degree and reduces the pressure of high-pressure refrigerant to a low 

pressure. These components are connected to each other by an outdoor pipe 

(i.e., a heat-source-side refrigerant pipe) 8.  

Further, an outdoor fan 5f that supplies (blows) the outdoor air to the outdoor 

30 heat exchanger 5 is disposed to face the outdoor heat exchanger 5. An air flow 

-7



that passes through the outdoor heat exchanger 5 is generated by rotating the 

outdoor fan 5f. In the outdoor unit 102, a propeller fan is used as the outdoor fan 

5f, and the outdoor air is suctioned through the outdoor heat exchanger 5. The 

outdoor heat exchanger 5 is disposed at the downstream side of the air flow 

5 generated by the outdoor fan 5f.  

[0018] 

(Outdoor Pipe) 

The outdoor pipe 8 includes an outdoor pipe 8a connecting an extension 

pipe connecting valve 13a at the gas side (during a cooling operation) to the four

10 way valve 4, a suction pipe 11 connecting the four-way valve 4 to the compressor 3, 

a discharge pipe 12 connecting the compressor 3 to the four-way valve 4, an 

outdoor pipe 8c connecting the four-way valve 4 to the outdoor heat exchanger 5, 

an outdoor pipe 8d connecting the outdoor heat exchanger 5 to the expansion 

valve 6, and an outdoor pipe 8b connecting the expansion valve 6 to an extension 

15 pipe connecting valve 13b at the liquid side (during a cooling operation). The 

outdoor pipe 8 collectively refers to these components.  

[0019] 

(Extension Pipe Connecting Valve) 

The gas-side extension pipe connecting valve 13a is disposed on the 

20 outdoor pipe 8 at the connection portion to the gas-side extension pipe 1 Ga. On 

the other hand, the liquid-side extension pipe connecting valve 13b is disposed on 

the outdoor pipe 8 at the connection portion to the liquid-side extension pipe 1 Gb.  

The gas-side extension pipe connecting valve 13a is a two-way valve 

capable of switching between the open and closed states, and a flare joint 16a is 

25 attached to an end thereof.  

The liquid-side extension pipe connecting valve 13b is a three-way valve 

capable of switching between the open and closed states, and a service port 14b to 

be used on vacuuming (on preparatory work for supplying refrigerant to the air

conditioning apparatus 100) and a flare joint 16b are attached thereto.  

n



An external thread is processed on the outdoor-pipe-8-side of each of the 

flare joints 16a and 16b attached to the extension pipe connecting valves 13a and 

13b (including the service port 14b). At the time of shipment of the outdoor unit 

102 (including the time of shipment of the air-conditioning apparatus 100), a flare 

5 nut (not illustrated) having an internal thread processed therein that engages the 

external thread is attached thereon.  

[0020] 

(Service Port) 

For convenience of explanation below, a part of the outdoor pipe 8 

10 connecting the compressor 3 to the inlet of the four-way valve 4 at the discharge 

side of the compressor 3 is referred to as the discharge pipe 12, and a part 

connecting the four-way valve 4 to the compressor 3 at the suction side of the 

compressor 3 is referred to as the suction pipe 11. Thus, during both a cooling 

operation (operation that supplies low-temperature low-pressure refrigerant to the 

15 indoor heat exchanger 7) and a heating operation (operation that supplies high

temperature high-pressure refrigerant to the indoor heat exchanger 7), high

temperature high-pressure gaseous refrigerant compressed by the compressor 3 

always flows in the discharge pipe 12, and low-temperature low-pressure 

refrigerant after an evaporation action flows in the suction pipe 11.  

20 [0021] 

The low-temperature low-pressure refrigerant flowing in the suction pipe 11 is 

sometimes gaseous refrigerant and sometimes in a two-phase state. A service 

port 14a with a flare joint attached thereto at the low-pressure side is disposed in 

the suction pipe 11, and a service port 14c with a flare joint attached thereto at the 

25 high-pressure side is disposed in the discharge pipe 12. On installation or a test 

operation at the time of repair, pressure gauges are connected to the service ports 

14a and 14c so that the service ports 14a and 14c are used to measure the 

operating pressure.  

Note that an external thread is made on each of the flare joints (not 

30 illustrated) of the service ports 14a and 14c. Aflare nut (not illustrated) is attached



on the external thread, at the time of shipment of the outdoor unit 102 (including the 

time of shipment of the air-conditioning apparatus 100).  

[0022] 

(Refrigerant Circuit of Indoor Unit) 

5 The indoor unit 101 includes an indoor heat exchanger 7 as a use-side heat 

exchanger that exchanges heat between the indoor air and the refrigerant. Indoor 

pipes (i.e., use-side refrigerant pipes) 9a and 9b are connected to the indoor heat 

exchanger 7 (the configuration of the indoor pipes 9a and 9b will be described 

separately in detail).  

10 A flare joint 1 5a for connection to the gas-side extension pipe 1 Ga is 

disposed on the indoor pipe 9a at the connection portion to the gas-side extension 

pipe 1 Ga. On the other hand, a flare joint 15b for connection to the liquid-side 

extension pipe 1 Gb is disposed on the indoor pipe 9b at the connection portion to 

the liquid-side extension pipe 10b.  

15 An external thread is made on each of the flare joints 15a and 15b. A flare 

nut (not illustrated) having an internal thread processed therein that engages the 

external thread is attached thereon, at the time of shipment of the indoor unit 101 

(including the time of shipment of the air-conditioning apparatus 100).  

Further, an indoor fan 7f is disposed to face the indoor heat exchanger 7, 

20 and generates an air flow that passes through the indoor heat exchanger 7 by 

rotation of the indoor fan 7f. Note that the indoor fan 7f is driven by a non-brush 

motor (an induction motor or a DC brushless motor), and therefore does not 

generate sparks that may become the ignition source during operation. Further, 

various types of fans such as a cross-flow fan, a turbo fan may be used as the 

25 indoor fan 7f, depending on the form of the indoor unit 101. Further, the position 

of the indoor fan 7f may be either the downstream or the upstream of the indoor 

heat exchanger 7 in the air flow generated by the indoor fan 7f.  

[0023] 

(Refrigerant Circuit of Air Conditioning Apparatus) 

A1 n



The gas-side extension pipe 1 0a has one end detachably connected to the 

flare joint 16a attached to the gas-side extension pipe connecting valve 13a of the 

outdoor unit 102, and has the other end detachably connected to the flare joint 15a 

attached to the indoor pipe 9a of the indoor unit 101. On the other hand, the 

5 liquid-side extension pipe 10b has one end detachably connected to the flare joint 

16b attached to the liquid-side extension pipe connecting valve 13b of the outdoor 

unit 102, and has the other end detachably connected to the flare joint 15b 

attached to the indoor pipe 9b of the indoor unit 101.  

That is, the outdoor pipe 8 is connected to the indoor pipes 9a and 9b by the 

10 extension pipes 10a and 1Ob so that a refrigerant circuit is formed, and a 

compression heat pump cycle that circulates the refrigerant compressed by the 

compressor 3 is formed.  

[0024] 

(Flow of Refrigerant during Cooling Operation) 

15 In Fig. 1, the solid arrows indicate the flow direction of refrigerant during a 

cooling operation. In a cooling operation, the four-way valve 4 is switched to form 

a refrigerant circuit indicated by the solid lines. Thus, high-temperature high

pressure gas refrigerant discharged from the compressor 3 first flows into the 

outdoor heat exchanger 5 via the four-way valve 4.  

20 The outdoor heat exchanger 5 functions as a condenser. That is, when an 

air flow generated by rotation of the outdoor fan 5f passes through the outdoor heat 

exchanger 5, the outdoor air passing therethrough and the refrigerant flowing in the 

outdoor heat exchanger 5 exchange heat, so that condensation heat of the 

refrigerant is applied to the outdoor air. Thus, the refrigerant is condensed to 

25 become liquid refrigerant in the outdoor heat exchanger 5.  

Then, the liquid refrigerant flows into the expansion valve 6. In the 

expansion valve 6, the liquid refrigerant is adiabatically expanded to become low

pressure low-temperature two-phase refrigerant.  

[0025] 
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Subsequently, the low-pressure low-temperature two-phase refrigerant is 

supplied to the indoor unit 101 through the extension pipe 1 0b and the indoor pipe 

9b at the liquid side, and flows into the indoor heat exchanger 7. This indoor heat 

exchanger 7 functions as an evaporator. That is, when the flow of indoor air 

5 generated by rotation of the indoor fan 7f passes through the indoor heat 

exchanger 7, the indoor air passing therethrough and the refrigerant flowing in the 

indoor heat exchanger 7 exchange heat. Thus, the refrigerant evaporates to turn 

into low-temperature low-pressure gaseous refrigerant or two-phase refrigerant, by 

taking evaporation heat (heating energy) from the indoor air. On the other hand, 

10 the indoor air passing therethrough is cooled by taking cooling energy from the 

refrigerant, and cools the room.  

Further, the refrigerant that has evaporated to turn into of low-temperature 

low-pressure gaseous refrigerant or two-phase refrigerant in the indoor heat 

exchanger 7 is supplied to the outdoor unit 102 through the indoor pipe 9a and the 

15 extension pipe 10a at the gas side, and is suctioned into the compressor 3 via the 

four-way valve 4. Then, the refrigerant is again compressed to turn into high

temperature high-pressure gaseous refrigerant in the compressor 3. This cycle is 

repeated during the cooling operation.  

[0026] 

20 (Flow of Refrigerant during Heating Operation) 

In Fig. 1, the dotted arrows indicate the flow direction of refrigerant during a 

heating operation. When the four-way valve 4 is switched to form a refrigerant 

circuit indicated by the dotted lines, the refrigerant flows in a direction opposite to 

that during a cooling operation. Thus, the refrigerant first flows into the indoor 

25 heat exchanger 7. The indoor heat exchanger 7 functions as a condenser, and 

the outdoor heat exchanger 5 functions as an evaporator. Thus, condensation 

heat (heating energy) is applied to heat the indoor air passing through the indoor 

heat exchanger 7, thereby performing a heating operation.  

[0027] 

30 (Refrigerant)



In the air-conditioning apparatus 100, R32 (CH2F2; difluoromethane) is used 

as a refrigerant flowing in the refrigerant circuit. R32 is an HFC refrigerant that 

has a lower GWP than R41 0A, which is the HFC refrigerant that is currently and 

commonly used in air conditioning apparatuses. R32 has a relatively low impact 

5 on global warming, but is slightly flammable. The outdoor unit 102 is shipped with 

a certain amount of refrigerant sealed therein in advance. On installing the air

conditioning apparatus 100, if refrigerant is not enough for the length of the 

extension pipes 10a and 1Ob, refrigerant is added on site. Alternatively, the 

outdoor unit 102 may be shipped with no refrigerant sealed therein, and the full 

10 amount of refrigerant may be charged (sealed) on site.  

[0028] 

Note that the refrigerant is not limited to R32, and may be any of the above 

described HFO refrigerants, such as HFO-1234yf (CF3CF=CH 2; tetrafluoropropene) 

and HFO-1234ze (CF3-CH=CHF), which are slightly flammable, similar to R32; 

15 which are halogenated hydrocarbons that are a type of HFC refrigerant but have a 

carbon double bond in their composition; and which have a lower GWP than R32.  

Further, the refrigerant may be a highly flammable HC refrigerant such as 

R290 (C3H8; propane) and R1270 (C3H6; propylene). Further, the refrigerant may 

be a mixed refrigerant as a mixture of two or more of these refrigerants.  

20 [0029] 

(Configuration of Indoor Unit) 

In Fig. 2, the indoor unit 101 includes the indoor heat exchanger 7 and the 

indoor fan 7f (see Fig. 1) that are accommodated in a housing 110. The housing 

110 includes a housing front surface 111, a housing top surface 114, a housing rear 

25 surface 115, and a housing bottom surface 116. An air inlet 112 is formed at the 

lower part of the housing front surface 111, and an air outlet 113 is formed at the 

upper part of the housing front surface 111. Further, an operation display unit 2 is 

disposed on the housing front surface 111. The operation display unit 2 is used for 

operations such as starting and stopping the air-conditioning apparatus 100, 

30 switching between cooling and heating, and changing the air volume of the indoor 
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fan 7f. Further, the operation display unit 2 displays the operational status and 

other related contents.  

Note that the size and shape of the air inlet 112 and the air outlet 113 are not 

limited to those illustrated in Fig. 2. For example, the air outlet 113 may be formed 

5 to extend from the upper part of the housing front surface 111 to the housing top 

surface 114. Further, the conditioned air is cool air during a cooling operation, 

warm air during a heating operation, and dry air during a drying operation.  

[0030] 

In Figs. 3 and 4, the inside of the housing 110 is divided into upper and lower 

10 spaces by a partition plate 20 with a communication opening 21 formed therein. In 

the lower space, the indoor fan 7f is disposed at a position facing the air inlet 112, 

in the vicinity of the housing rear surface 115.  

The indoor heat exchanger 7 is inclined in the upper space so that the upper 

end is located close to the housing rear surface 115 and the lower end is located 

15 close to the housing front surface 111. The communication opening 21 of the 

partition plate 20 is located within a range where the indoor heat exchanger 7 is 

projected vertically downward.  

That is, the indoor fan 7f suctions the indoor air in the lower space from the 

air inlet 112, and supplies the indoor air to the indoor heat exchanger 7 in the upper 

20 space through the communication opening 21. Then, the indoor air having 

exchanged heat in the indoor heat exchanger 7 becomes "conditioned air" and is 

blown into the room through the air outlet 113.  

Note that, as mentioned above, the indoor fan 7f is driven by a non-brush 

motor (an induction motor or a DC brushless motor), and therefore does not 

25 generate sparks that may become the ignition source during operation.  

[0031] 

(Connection between Indoor Exchanger and Indoor Pipe) 

Fig. 5 is a diagram for explaining the air-conditioning apparatus according to 

Embodiment 1 of the present invention, and is an enlarged partial front view 

30 schematically illustrating the connection between the indoor heat exchanger and 
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the indoor pipe. Note that the drawings are schematic, and the present invention 

is not limited to the embodiment illustrated in the drawings.  

In Fig. 5, the indoor heat exchanger 7 includes a plurality of radiator plates 

(i.e., fins) 70 disposed to be spaced apart from each other, and a plurality of heat

5 transfer pipes 71 extending through the radiator plates 70.  

Each of the heat-transfer pipes 71 includes a plurality of U-shaped pipes 

(hereinafter referred to as "hairpins") 72 each having long straight pipe portions, 

and arc-shaped U-bends 73 each having short straight pipe portions allowing 

communications between the plurality of hairpins 72. The hairpins 72 and the U

10 bends 73 are connected to each other at connection portions (hereinafter referred 

to as "brazed portions W", and indicated by black circles in Fig. 5). Note that the 

number of heat-transfer pipes 71 is not limited, and there may be one or a plurality 

of heat-transfer pipes 71. Also, the number of hairpins 72 included in each of the 

heat-transfer pipes 71 is not limited.  

15 [0032] 

The gas-side indoor pipe 9a is connected to a cylindrical header main pipe 

91a. The header main pipe 91a is connected to a plurality of header branch pipes 

92a. The header branch pipes 92a are connected to first ends 71a of the heat

transfer pipes 71 (i.e., the hairpins 72).  

20 Further, the liquid-side (two-phase-side) indoor pipe 9b is connected to a 

plurality of indoor refrigerant branch pipes 92b to be divided into a plurality of 

branches. Further, the header branch pipes 92a are connected to second ends 

71b of the heat-transfer pipes 71 (i.e., the hairpins 72).  

The connection between the header main pipe 91a and the header branch 

25 pipes 92a, the connection between the header branch pipes 92a and the ends 71 a, 

the connection between the indoor pipe 9b and the indoor refrigerant branch pipes 

92b, and the connection between the indoor refrigerant branch pipes 92b and the 

ends 71 b are all made at brazed portions W (indicated by black circles in Fig. 5).  

Note that in the above description, the brazed portions W are illustrated as the



connection portions. However, the present invention is not limited thereto, and 

any connecting units may be used.  

[0033] 

(First Leaked Refrigerant Receiver) 

5 In Figs. 3 to 5, a first leaked refrigerant receiver 94 (indicated by the hatched 

lines) is disposed to face the header main pipe 91 a and other components, to be 

parallel to the header main pipe 91a and other components, and to be located 

vertically below the header main pipe 91a and other components.  

The first leaked refrigerant receiver 94 is a gutter covering the area vertically 

10 below the brazed portions W, and a first leaked refrigerant storing part 93 is formed 

at the lower end thereof. Thus, when the refrigerant (that has a higher specific 

gravity than the indoor air) leaks from the positions of the brazed portions W, the 

first leaked refrigerant receiver 94 receives the leaked refrigerant and causes the 

leaked refrigerant to flow into the first leaked refrigerant storing part 93.  

15 Note that the shape of the first leaked refrigerant receiver 94 is not 

particularly limited. The first leaked refrigerant receiver 94 may be a relatively 

deep receiver having a rectangular cross section or an arcuate cross section, and 

having a notch or a through hole through which the hairpins 72 extend, or may be a 

relatively shallow receiver having a side edge that is in contact with or is in close 

20 proximity to the lower surfaces of the hairpins 72.  

[0034] 

The first leaked refrigerant storing part 93 is designed to temporarily store 

the refrigerant having flowed therein along the first leaked refrigerant receiver 94, 

and the storage capacity is not limited. Thus, the lower end of the first leaked 

25 refrigerant receiver 94 may be closed, and thus the area close to the lower end of 

the first leaked refrigerant receiver 94 may be regarded as the first leaked 

refrigerant storing part 93, without especially providing the first leaked refrigerant 

storing part 93.  

Note that although the indoor pipe 9a and the indoor pipe 9b extend through 

30 the first leaked refrigerant storing part 93, the indoor pipe 9a and the indoor pipe 9b 
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may be bent to extend around the first leaked refrigerant storing part 93 so that the 

indoor pipe 9a and the indoor pipe 9b do not extend through the first leaked 

refrigerant storing part 93.  

[0035] 

5 (Second Leaked Refrigerant Receiver) 

A second leaked refrigerant receiver 95 is disposed vertically below the flare 

joint 15a and the flare joint 15b. The second leaked refrigerant receiver 95 is a 

box covering a certain area vertically below the flare joint 15a and the flare joint 

15b. When the refrigerant (that has a higher specific gravity than the indoor air) 

10 leaks from the flare joint 15a or the flare joint 15b, the second leaked refrigerant 

receiver 95 receives the leaked refrigerant and stores a certain amount of the 

leaked refrigerant.  

Note that although the extension pipe 1 Ga and the extension pipe 1 Gb extend 

through the second leaked refrigerant receiver 95, the extension pipe 1 Ga and the 

15 extension pipe 1 Gb may be bent to extend around the second leaked refrigerant 

receiver 95 so that the extension pipe 1 Ga and the extension pipe 1 Gb do not 

extend through the second leaked refrigerant receiver 95.  

[0036] 

(Temperature Sensor) 

20 A temperature sensor (hereinafter referred to as an "inlet temperature 

sensor") S1 that measures the temperature of the inlet air (i.e., the indoor air) 

during operation is disposed at the suction side (between the air inlet 112 and the 

indoor fan 7f) of the indoor fan 7f.  

Further, a temperature sensor (hereinafter referred to as a "liquid pipe 

25 sensor") S2 and a temperature sensor (hereinafter referred to as a "two-phase pipe 

sensor") S3 are disposed in the indoor heat exchanger 7. The liquid pipe sensor 

S2 measures the temperature of the refrigerant flowing into the indoor heat 

exchanger 7 during a cooling operation, and measures the temperature of the 

refrigerant flowing out of the indoor heat exchanger 7 during a heating operation.  

30 The two-phase pipe sensor S3 is located at the substantial center of the indoor 
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heat exchanger 7, and measures the evaporating temperature or the condensing 

temperature of the refrigerant.  

Then, each of the temperatures detected by the inlet temperature sensor S1, 

the liquid pipe sensor S2, and the two-phase pipe sensor S3 is input to the control 

5 unit 1, and is used for controlling the operations of the compressor 3 and other 

related functions.  

[0037] 

Further, a temperature sensor (hereinafter referred to as a "first temperature 

sensor") S4 is disposed in the first leaked refrigerant receiver 94 (more precisely, 

10 the first leaked refrigerant storing part 93), and a temperature sensor (hereinafter 

referred to as a "second temperature sensor") S5 is disposed in the second leaked 

refrigerant receiver 95.  

That is, because the refrigerant may leak from the connection portions 

formed by the brazed portions W due to aging or an external force such as 

15 earthquake, if the refrigerant leaks, the first leaked refrigerant receiver 94 receives 

the leaked refrigerant having a higher specific gravity than the indoor air, and the 

first temperature sensor S4 detects a reduction in temperature of the atmosphere 

that is cooled by heat removal due to the vaporization heat of the leaked 

refrigerant.  

20 Since the first leaked refrigerant storing part 93 that stores a certain amount 

of leaked refrigerant is provided and the first temperature sensor S4 is provided 

therein, it is possible to detect a reduction in temperature of the atmosphere 

temperature (ambient air) due to the vaporization heat of the leaked refrigerant at 

an early stage, and thus to detect refrigerant leakage early and reliably.  

25 Note that in the present invention, it suffices to provide the first temperature 

sensor S4 at the upper side of the partition plate 20, without providing the first 

leaked refrigerant receiver 94. That is, the leaked refrigerant falls from a pinhole 

or another related component, and remains on the partition plate 20 in the case 

where the first leaked refrigerant receiver 94 is not provided. Therefore, by 

30 installing the first temperature sensor S4 at a position close to the partition plate 20, 
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it is possible to detect a reduction in temperature of the ambient air due to the 

vaporization heat of refrigerant leakage.  

[0038] 

Further, the refrigerant may also leak from the connection portions formed by 

5 the flare joints 15a and 15b due to aging or an external force such as earthquake.  

Therefore, by providing the second leaked refrigerant receiver 95 that receives and 

stores the refrigerant (that has a higher specific gravity than the indoor air) leaked 

from the flare joint 15a or the flare joint 15b, and by providing the second 

temperature sensor S5 therein, it is possible to detect refrigerant leakage early and 

10 reliably.  

Note that since the refrigerant (that has a higher specific gravity than the 

indoor air) leaked from the flare joint 15a or the flare joint 15b falls and remains on 

the housing bottom surface 116 of the housing 110, the second temperature sensor 

S5 may be installed at a position close to the housing bottom surface 116, without 

15 providing the second leaked refrigerant receiver 95.  

Further, since the temperature of the air in the area below the partition plate 

20 in the housing 110 reduces due to vaporization of the refrigerant (that has a 

higher specific gravity than the indoor air) leaked from the flare joint 15a or the flare 

joint 15b, the second leaked refrigerant receiver 95 and the second temperature 

20 sensor S5 may be removed, a temperature detection by the inlet temperature 

sensor S1 may be performed while the operation is performed and while the 

operation is stopped, and the function of the second temperature sensor S5 may be 

added to the inlet temperature sensor S1 (i.e., the function of the inlet temperature 

sensor S1 is added to the second temperature sensor S5).  

25 [0039] 

Figs. 6A and 6B are diagrams for explaining the air-conditioning apparatus 

according to Embodiment 1 of the present invention, and illustrate an example of 

the installation form of the temperature sensors. Fig. 6A is a cross-sectional plan 

view, and Fig. 6B is a front view.  
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In Figs. 6A and 6B, the first temperature sensor S4 is disposed on the indoor 

pipe 9b with a holder 80 therebetween. The holder 80 has a lower thermal 

conduction performance. That is, the holder 80 includes a pipe holding part 81 

that has a C-shaped cross section and holds the indoor pipe 9b, a sensor holding 

5 part 83 that has a C-shaped cross section and holds the first temperature sensor 

S4, and an arm part 82 that connects the pipe holding part 81 to the sensor holding 

part 83. The holder 80 is made by a material with a low thermal conductivity such 

as, synthetic resin, and the cross-sectional area of the arm part 82 is small. Note 

that in place of the pipe holding part 81 that has a C-shaped cross section and 

10 holds the indoor pipe 9b, a part that has a U-shaped cross section and holds the 

first leaked refrigerant storing part 93, or a flat or curved part that is disposed in the 

first leaked refrigerant storing part 93 may be provided.  

In Fig. 6B, the liquid pipe sensor S2 is disposed directly on the outer surface 

of the indoor pipe 9b, and directly detects the outer surface temperature of the 

15 indoor pipe 9b.  

[0040] 

(Control of Refrigeration Cycle) 

The control unit 1 controls the refrigeration cycle (the compressor 3, the 

expansion valve 6, and other components) on the basis of the values detected by 

20 the inlet temperature sensor S1, the liquid pipe sensor S2, and the two-phase pipe 

sensor S3.  

Note that the positions where the liquid pipe sensor S2 and the two-phase 

pipe sensor S3 are not limited to the positions illustrated in the drawings.  

[0041] 

25 [Embodiment 2] 

Fig. 7 is a flowchart for explaining a refrigerant leakage detection method 

according to Embodiment 2 of the present invention.  

In Fig. 7, the refrigerant leakage detection method is a method that detects 

leakage of the refrigerant in the air-conditioning apparatus 100 (Embodiment 1).  

30 Note that that the elements identical or equivalent to those in Embodiment 1 are



denoted by the same reference signs, and a description thereof will be partially 

omitted.  

In the case where the refrigerant leaks while the air-conditioning apparatus 

100 is in operation (while the indoor fan 7f is rotating), since the air in the room is 

5 stirred by the conditioned air that is blown out, an area with a high concentration of 

leaked refrigerant is not formed in the room (not illustrated). On the other hand, in 

the case where the refrigerant leaks while the air-conditioning apparatus 100 is 

stopped (while the indoor fan 7f is not rotating), an area with a high concentration of 

leaked refrigerant is likely to be formed in the room.  

10 Thus, in the air-conditioning apparatus 100, only while the operation is 

stopped (while the indoor fan 7f is not rotating) (Step 1), the first temperature 

sensor S4 and the second temperature sensor S5 detect temperatures (Step 2).  

Then, the first temperature sensor S4 and the second temperature sensor S5 

detect temperatures at certain time intervals. If, in even one of the first 

15 temperature sensor S4 and the second temperature sensor S5, the amount of 

change in the detected temperature is greater than a certain threshold (for 

example, the difference between the previous detection value and the current 

detection value is 5 degrees C) or the rate of change in the detected temperature is 

greater than a certain threshold (for example, 5 degrees C/minute) when the 

20 detected temperature decreases, the control unit 1 determines that the refrigerant 

is leaking (Step 3).  

[0042] 

(Operation after Detection of Refrigerant Leakage) 

When the refrigerant is determined to be leaking while the operation is 

25 stopped, the control unit 1 of the air-conditioning apparatus 100 starts rotation of 

the indoor fan 7f to stir the air in the room (Step 4).  

Further, a notifying unit (the operation display unit 2, a non-illustrated sound 

generating unit, or another related component) disposed in the main body of the 

indoor unit 101 issues a notification such as "Refrigerant is leaking, please open 

30 the window" (Step 5).  
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Note that execution of Step 5 may be omitted.  

[0043] 

(Advantageous Effects) 

Fig. 8 illustrates the experimental results representing the temperature 

5 detection characteristics for explaining the refrigerant leakage detection method 

according to Embodiment 2 of the present invention. That is, in Fig. 8, the vertical 

axis represents the temperatures (degrees C) detected by the second temperature 

sensor S5 and the inlet temperature sensor S1 when a refrigerant R32 leaks from 

the flare joint 15a at a leakage speed of 150 g per minute in the air-conditioning 

10 apparatus 100, and the horizontal axis represents the time (minute) from the start 

of the leakage.  

That is, the refrigerant leaked from the flare joint 15a rapidly adiabatically 

expands. Thus, while the refrigerant is taking the heating energy from the 

surroundings, the refrigerant falls due to its specific gravity being higher than that of 

15 the indoor air and flows into the second leaked refrigerant receiver 95. Thus, the 

ambient temperature, especially the atmosphere temperature of the second leaked 

refrigerant receiver 95, decreases rapidly, and therefore the temperature detected 

by the second temperature sensor S5 decreases rapidly immediately after the start 

of the leakage.  

20 Meanwhile, the temperature detected by the inlet temperature sensor S1 

also decreases rapidly immediately after the start of the leakage, although not as 

greatly as that detected by the second temperature sensor S5. This is because 

the temperature in the lower area of the housing 110 is reduced due to adiabatic 

expansion of the leaked refrigerant that does not yet flow into the second leaked 

25 refrigerant receiver 95 or adiabatic expansion of the leaked refrigerant that did not 

flow into the second leaked refrigerant receiver 95.  

[0044] 

As is obvious from the experimental results described above, the refrigerant 

leakage detection method used in the air-conditioning apparatus 100 has the 

30 following remarkable advantageous effects.



(i) The atmosphere temperature (the refrigerant temperature or the air 

temperature) at a position where refrigerant leakage may occur is directly detected, 

and a determination is made that the refrigerant is leaking, on the basis of the state 

of change (reduction) in the detected temperature. Therefore, it is possible to 

5 make a determination accurately and quickly.  

(ii) That is, no influence is exerted by the state of distribution of the 

refrigerant in the refrigerant circuit while the operation is stopped, or by the state of 

movement of the refrigerant in the refrigerant circuit after occurrence of refrigerant 

leakage, and therefore the problems with the split type air-conditioning apparatus 

10 disclosed in Patent Literature 1 are solved.  

(iii) Further, since the atmosphere temperature directly cooled by heat 

removal associated with evaporation of the leaked refrigerant is detected, the 

detection sensitivity is not reduced due to the heat capacity (heat inertia) of the 

members such as pipes.  

15 (iv) Further, since the first leaked refrigerant receiver 94 and the second 

leaked refrigerant receiver 95 are provided, the leaked refrigerant (in some cases, 

the air cooled by heat removal due to adiabatic expansion of the leaked refrigerant 

is included) reaches the areas around the first temperature sensor S4 and the 

second temperature sensor S5 more certainly.  

20 (v) Note that in the case where the second temperature sensor S5 is 

removed and the inlet temperature sensor S1 is used to detect refrigerant leakage, 

the number of components is reduced, and the production cost is reduced.  

(vi) Further, in the case where a determination is made that the refrigerant is 

leaking while the operation is stopped, rotation of the indoor fan 7f is started to stir 

25 the air in the room. Therefore, it is possible to reduce formation of an area with a 

high concentration of leaked refrigerant in the room. Further, since the notifying 

unit issues a notification of the leakage of the refrigerant to prompt the user to give 

ventilation or take other measures, it is possible to reduce formation of an area with 

a high concentration of leaked refrigerant in the room.  

30 [0045]



Note that in the above description, although the first leaked refrigerant 

receiver 94 and the second leaked refrigerant receiver 95 are provided, and the first 

temperature sensor S4 and the second temperature sensor S5 are disposed 

therein, respectively, the present invention is not limited thereto. For example, an 

5 opening communicating with the second leaked refrigerant receiver 95 may be 

formed in each of the first leaked refrigerant receiver 94 and the partition plate 20, 

and thus the provision of the first temperature sensor S4 may be omitted. In this 

case, by placing the second leaked refrigerant receiver 95 so that the upper edge 

thereof is in contact with or close to the partition plate 20, the flow of the leaked 

10 refrigerant into the area around the second temperature sensor S5 is further 

promoted.  

[0046] 

[Embodiment 3] 

Fig. 9 is a diagram for explaining an air-conditioning apparatus according to 

15 Embodiment 3 of the present invention, and is a schematic partially transparent 

side view of an indoor unit. Note that that the elements identical or equivalent to 

those in Embodiment 1 are denoted by the same reference signs, and a description 

thereof will be partially omitted.  

In Fig. 9, a third leaked refrigerant receiver 96 of an indoor unit 201 included 

20 in an air-conditioning apparatus 200 has a funnel shape, and has the shape of an 

inverted truncated cone with no bottom. Further, an inlet temperature sensor S1 is 

disposed under the third leaked refrigerant receiver 96. Unlike Embodiment 1, a 

second temperature sensor S5 is not provided in the third leaked refrigerant 

receiver 96. Except these points, the air-conditioning apparatus 200 is the same 

25 as the air-conditioning apparatus 100 (Embodiment 1).  

[0047] 

That is, when the refrigerant (that has a higher specific gravity than the 

indoor air) leaks from a flare joint 15a or a flare joint 15b, the refrigerant is guided 

by the third leaked refrigerant receiver 96 to flow into the area around the inlet 

30 temperature sensor S1. Thus, leakage of the refrigerant is determined on the 
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basis of changes in the temperature detected by the inlet temperature sensor S1 

that continuously performs temperature detection even while the operation is 

stopped. That is, a refrigerant leakage detection method used in the air

conditioning apparatus 200 is in accordance with Embodiment 2, and the second 

5 temperature sensor S5 in Embodiment 2 corresponds to the inlet temperature 

sensor S1.  

Therefore, since the second temperature sensor S5 is not provided and thus 

the number of components is reduced, the production cost of the air-conditioning 

apparatus 200 is reduced.  

10 Note that in the above description, although the first temperature sensor S4 

is disposed in the first leaked refrigerant receiver 94, the present invention is not 

limited thereto. For example, an opening communicating with the third leaked 

refrigerant receiver 96 may be formed in each of a first leaked refrigerant receiver 

94 and a partition plate 20, and thus the provision of the first temperature sensor 

15 S4 may be omitted (in this case, by placing the third leaked refrigerant receiver 96 

so that the upper edge thereof is in contact with or close to the partition plate 20, 

the flow of the leaked refrigerant into the area around the inlet temperature sensor 

S1 is further promoted).  

[0048] 

20 [Embodiment 4] 

Figs. 1 GA and 1GB are diagrams for explaining an air-conditioning apparatus 

according to Embodiment 4 of the present invention. Fig. 1 GA is a schematic 

partially transparent top view of an indoor unit, and Fig. 1GB is a schematic partially 

transparent side view of the indoor unit. Note that that the elements identical or 

25 equivalent to those in Embodiment 1 are denoted by the same reference signs, and 

a description thereof will be partially omitted.  

In Figs. 1A and 1GB, an indoor unit 301 of an air-conditioning apparatus 300 

is a ceiling suspended unit that is mounted to be suspended from the ceiling (not 

illustrated) of the room, and includes a housing 310 accommodating therein an 

30 indoor heat exchanger 7 and an indoor fan 7f.



Further, an air inlet 312 is formed in a housing bottom surface 316 of the 

housing 310 close to a housing rear surface 315, and an air outlet 313 is provided 

in a housing front surface 311.  

The indoor fan 7f is located at a position close to the housing rear surface 

5 315. The indoor heat exchanger 7 is disposed to be inclined toward the corner 

between the housing front surface 311 and the housing top surface 314.  

[0049] 

Note that indoor pipes 9a and 9b are connected to the indoor heat exchanger 

7 in a position close to a housing right end surface 318. These connections are 

10 made in the same manner as in Embodiment 1 (brazed portions W, see Fig. 5), and 

therefore the description thereof will be omitted.  

Further, a fourth leaked refrigerant receiver 97 is formed that covers the area 

vertically below the connection portions (the brazed portions W, see Fig. 5) 

between the indoor heat exchanger 7 and the indoor pipes 9a and 9b and the area 

15 vertically below a flare joint 15a and a flare joint 15b (imaginary lines formed by 

projecting vertically downward the positions of all the brazed portions W and the 

positions of the flare joints 15a and 15b intersect the fourth leaked refrigerant 

receiver 97). The fourth leaked refrigerant receiver 97 has a U-shaped cross 

section (including those that are wider at the opening side than at the bottom side) 

20 or an arcuate cross section, and is a gutter with an open upper end and a closed 

lower end.  

Further, a temperature sensor (hereinafter referred to as a "third temperature 

sensor") S6 is disposed at a position close to the lower end of the fourth leaked 

refrigerant receiver 97.  

25 [0050] 

That is, if the refrigerant leaks from any of the positions of the brazed 

portions W or from the flare joint 15a or the flare joint 15b, the leaked refrigerant is 

received by the fourth leaked refrigerant receiver 97, and the atmosphere 

temperature around the third temperature sensor S6 changes rapidly. Further, a 

30 refrigerant leakage detection method used in the air-conditioning apparatus 300 is



in accordance with Embodiment 2, and the first temperature sensor S4 and the 

second temperature sensor S5 in Embodiment 2 correspond to the third 

temperature sensor S6.  

Thus, similarly to Embodiment 1 and Embodiment 2, it is possible to detect 

5 refrigerant leakage early.  

Note that the location of the connection portions (the brazed portions W) 

between the indoor heat exchanger 7 and the indoor pipes 9a and 9b and the 

location of the flare joints 15a and 15b are away from each other (away from each 

other in the horizontal direction), a leaked refrigerant receiver and a temperature 

10 sensor may be provided in each of the locations.  

[0051] 

[Embodiment 5] 

Figs. 1 1A and 11 B are diagrams for explaining an air-conditioning apparatus 

according to Embodiment 5 of the present invention. Fig. 1 1A is a bottom plan 

15 view, and Fig. 11 B is a cross-sectional side view. Note that that the elements 

identical or equivalent to those in Embodiment 3 are denoted by the same 

reference signs, and a description thereof will be partially omitted.  

In Figs. 1 1A and 11 B, an indoor unit 401 of an air-conditioning apparatus 400 

is a ceiling embedded unit that is mounted to be embedded in the ceiling (not 

20 illustrated) of the room, and includes a housing 410 accommodating therein an 

indoor heat exchanger 7 and an indoor fan 7f.  

[0052] 

The housing 410 is a box having a square cross section with chamfered 

corners, and a decorative grille 420 is detachably attached to a housing bottom 

25 surface 416. In the decorative grille 420, an air inlet 422 formed at the center, and 

air outlets 423 are formed at four positions around the air inlet 422. Further, the 

indoor fan 7f is installed at the center of the housing top surface 414, and an indoor 

heat exchanger 7 having a square ring shape is disposed to surround the indoor 

fan 7f. Thus, the indoor air suctioned by the indoor fan 7f from the air inlet 422 

30 exchanges heat in the indoor heat exchanger 7, and is blown from the outside of



the indoor heat exchanger 7 into the room (not illustrated) through the air outlets 

423.  

[0053] 

Flare joints 15a and 15b are disposed at one of the four corners of the 

5 housing 410, and the indoor heat exchanger 7 is connected to indoor pipes 9a and 

9b at this corner. These connections are made in the same manner as in 

Embodiment 1 (brazed portions W, see Fig. 5), and therefore the description 

thereof will be omitted.  

Further, similarly to Embodiment 4, a fourth leaked refrigerant receiver 97 is 

10 formed that covers the area vertically below the connection portions (the brazed 

portions W, see Fig. 5) between the indoor heat exchanger 7 and the indoor pipes 

9a and 9b and the area vertically below the flare joint 15a and the flare joint 15b 

(imaginary lines formed by projecting vertically downward the positions of all the 

brazed portions W and the positions of the flare joints 15a and 15b intersect the 

15 fourth leaked refrigerant receiver 97). The fourth leaked refrigerant receiver 97 is 

a box with an open top, and includes a bottom surface parallel to a housing top 

surface 414. A third temperature sensor S6 is disposed close to the bottom 

surface in the fourth leaked refrigerant receiver 97.  

Thus, similarly to the air-conditioning apparatus 200 (Embodiment 3), the air

20 conditioning apparatus 400 has the same advantageous effects as those of the air

conditioning apparatus 100 (Embodiment 1 and Embodiment 2).  

[0054] 

In the above, the floor type (Embodiments 1 and 3), the ceiling suspended 

type (Embodiment 4), and the ceiling cassette type (Embodiment 5) have been 

25 described as those that implement Embodiment 2. However, it is possible to 

implement Embodiment 2 in a wall type indoor unit of an air conditioning apparatus 

as well, and the same advantageous effects are obtained.  

Further, although the air-conditioning apparatuses 100 to 400 have been 

described above, the present invention is not limited thereto. For example, the 

nn



present invention may include a refrigeration cycle apparatus including a water 

heater or another related component.  

Reference Signs List 

[0055] 

5 1 control unit 2 operation display unit 3 compressor 4 four-way 

valve 5 outdoor heat exchanger 5f outdoor fan 6 expansion valve 7 

indoor heat exchanger 7f indoor fan 8 outdoor pipe 8a outdoor pipe 8b 

outdoor pipe 8c outdoor pipe 8d outdoor pipe 9a indoor pipe 9b indoor 

pipe 10a extension pipe 10b extension pipe 11 suction pipe 12 

10 discharge pipe 13a extension pipe connecting valve 13b extension pipe 

connecting valve 14a service port 14b service port 14c service port 15a 

flare joint 15b flare joint 16a flare joint 16b flare joint 20 partition plate 

21 communication opening 70 radiator plate 71 heat-transfer pipe 71a 

end 71b end 72 hairpin 73 U-bend 80 holder 81 pipe holding part 

15 82 arm part 83 sensor holding part 91a header main pipe 92a header 

branch pipe 92b indoor refrigerant branch pipe 93 first leaked refrigerant 

storing part 94 first leaked refrigerant receiver 95 second leaked refrigerant 

receiver 96 third leaked refrigerant receiver 97 fourth leaked refrigerant 

receiver 100 air-conditioning apparatus 101 indoor unit 102 outdoor unit 

20 110 housing 111 housing front surface 112 air inlet 113 air outlet 114 

housing top surface 115 housing rear surface 116 housing bottom surface 

200 air-conditioning apparatus 201 indoor unit 300 air-conditioning 

apparatus 301 indoor unit 310 housing 311 housing front surface 312 

air inlet 313 air outlet 314 housing top surface 315 housing rear surface 

25 316 housing bottom surface 318 housing right end surface 400 air

conditioning apparatus 401 indoor unit 410 housing 414 housing top 

surface 416 housing bottom surface 420 decorative grille 422 air inlet 

423 air outlet S1 inlet temperature sensor S2 liquid pipe sensor S3 two

phase pipe sensor S4 first temperature sensor SS second temperature 

30 sensor S6 third temperature sensor W brazed portion
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CLAIMS 

[Claim 1] 

An air-conditioning apparatus comprising: 

an outdoor unit including at least a compressor and an outdoor pipe; 

5 an indoor unit including at least an indoor heat exchanger, an indoor fan, and 

an indoor pipe; 

an extension pipe connecting the outdoor pipe and the indoor pipe to each 

other; 

a first temperature sensor disposed under a connection portion connecting 

10 the indoor heat exchanger and the indoor pipe to each other; and 

a control unit configured to determine whether a refrigerant having a higher 

specific gravity than indoor air is leaking from the connection portion, on the basis 

of a change in a temperature detected by the first temperature sensor, while the 

indoor fan is stopped, 

15 wherein a first leaked refrigerant receiver is disposed under the connection 

portion and the first temperature sensor is disposed in the first leaked refrigerant 

receiver, 

wherein the indoor heat exchanger includes a radiator plate and a heat

transfer pipe extending through the radiator plate, 

20 wherein the indoor pipe includes a gas-side indoor pipe and a liquid-side 

indoor pipe, 

wherein a header main pipe and a header branch pipe connected to the 

header main pipe are interposed between the gas-side indoor pipe and the indoor 

heat exchanger, 

25 wherein an indoor refrigerant branch pipe is interposed between the liquid

side indoor pipe and the indoor heat exchanger, and 

wherein the connection portion includes a brazed portion between the gas

side indoor pipe and the header main pipe, a brazed portion between the header 

main pipe and the header branch pipe, a brazed portion between the header 
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branch pipe and a first end of the heat-transfer pipe, a brazed portion between a 

second end of the heat-transfer pipe and the indoor refrigerant branch pipe, and a 

brazed portion between the indoor refrigerant branch pipe and the liquid-side indoor 

pipe.  

5 [Claim 2] 

The air-conditioning apparatus of claim 1, further comprising a second 

temperature sensor disposed under a joint part connecting the indoor heat 

exchanger and the extension pipe to each other, 

wherein the control unit determines whether a refrigerant having a higher 

10 specific gravity than indoor air is leaking from the joint part or not, on the basis of a 

change in a temperature detected by the second temperature sensor, while the 

indoor fan is stopped.  

[Claim 3] 

The air-conditioning apparatus of claim 2, 

15 wherein a second leaked refrigerant receiver is disposed under the joint part 

and the second temperature sensor is disposed in the second leaked refrigerant 

receiver.  

[Claim 4] 

The air-conditioning apparatus of claim 2, 

20 wherein a third leaked refrigerant receiver having a funnel shape is disposed 

under the joint part, 

wherein the second temperature sensor is disposed under the third leaked 

refrigerant receiver, and 

wherein the second temperature sensor detects a temperature of indoor air 

25 suctioned from a room while the indoor fan is in operation.  

[Claim 5] 

An air-conditioning apparatus comprising: 

an outdoor unit including at least a compressor and an outdoor pipe; 
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an indoor unit including at least an indoor heat exchanger, an indoor fan, and 

an indoor pipe; 

an extension pipe connecting the outdoor pipe and the indoor pipe to each 

other; 

5 a joint part connecting the indoor heat exchanger and the extension pipe to 

each other; 

a leaked refrigerant receiver having a funnel shape disposed under the joint 

part; 

a temperature sensor disposed under the leaked refrigerant receiver; and 

10 a control unit configured to determine whether a refrigerant having a higher 

specific gravity than indoor air is leaking from the joint part or not, on the basis of a 

change in the temperature detected by the temperature sensor, while the indoor fan 

is stopped.  

[Claim 6] 

15 The air-conditioning apparatus of claim 5, wherein the temperature sensor 

detects a temperature of indoor air suctioned from a room while the indoor fan is in 

operation.  

[Claim 7] 

The air-conditioning apparatus of any one of claims 1 to 6, wherein the 

20 refrigerant comprises a flammable refrigerant.  

[Claim 8] 

A refrigerant leakage detection method for use in the air-conditioning 

apparatus of claim 1, the refrigerant leakage detection method comprising: 

detecting, by the first temperature sensor, a temperature while the indoor fan 

25 is stopped; 

determining, by the control unit, that the refrigerant is leaking, if an amount of 

change in the temperature detected by the first temperature sensor is greater than 

a certain threshold when the detected temperature decreases; and 
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causing, by the control unit, the indoor fan to rotate, when the control unit 

determines that the refrigerant is leaking.  

[Claim 9] 

A refrigerant leakage detection method for use in the air-conditioning 

5 apparatus of claim 2, the refrigerant leakage detection method comprising: 

detecting, by a first temperature sensor and the second temperature sensor, 

temperatures while the indoor fan is stopped; 

determining, by the control unit, that the refrigerant is leaking, if an amount of 

change in the temperature detected by the first temperature sensor or the second 

10 temperature sensor is greater than a certain threshold when the detected 

temperature decreases; and 

causing, by the control unit, the indoor fan to rotate, when the control unit 

determines that the refrigerant is leaking.  

[Claim 10] 

15 The refrigerant leakage detection method of claim 8 or 9, further comprising: 

issuing a notification, by the control unit, of the leakage of the refrigerant, 

when the control unit determines that the refrigerant is leaking.  
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