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1f) (57) Abstract: According to the present invention: a combustible refrigerant has a greater density under atmospheric pressure than 
air; an indoor unit has a blower fan, a suction port that draws in air from an indoor space, and a discharge port that is provided above 
the suction port and discharges the air drawn in from the suction port into the indoor space; the discharge port is formed on the front 

O surface or side surface of a housing of the indoor unit; a control unit operates the blower fan when leakage of the refrigerant is detec 
ted; and when the amount of refrigerant enclosed in a refrigerating cycle is defined as M [kg], the refrigerant combustion lower limit 
concentration is defined as LFL [kg/m 3], the floor area of the indoor space is defined as A [m2], and the height of the discharge port 

O from the floor surface of the indoor space is defined as Ho [m], the enclosure amount M, combustion lower limit concentration LFL, 
floor area A, and height Ho satisfy the relationship M < LFLxAxHo.  
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DESCRIPTION 

Title of Invention 

AIR-CONDITIONING APPARATUS 

Technical Field 

5 [0001] 

The present invention relates to an air-conditioning apparatus.  

Background Art 

[0002] 

HFC refrigerants such as R-410A, which are non-flammable, are 

10 conventionally used for air-conditioning apparatuses. Unlike conventional HCFC 

refrigerants such as R-22, R-410A has a zero ozone depletion potential (to be 

referred to as "ODP" hereinafter), and hence does not deplete the ozone layer.  

However, R-410A has a high global warming potential (to be referred to as "GWP" 

hereinafter). Thus, as part of global warming prevention measures, studies are 

15 under way for a switch from HFC refrigerants with high GWPs, such as R-410A, to 

refrigerants with low GWPs.  

[0003] 

Candidates for such refrigerants with low GWPs include HC refrigerants such 

as R-290 (C3 H8 , propane) and R-1270 (C3 H6 , propylene), which are natural 

20 refrigerants. However, unlike R-410A, which is non-flammable, refrigerants such 

as R-290 and R-1270 have high flammability (highly flammable). Thus, when R

290 or R-1270 is to be used as a refrigerant, care needs to be taken against 

refrigerant leaks.  

[0004] 

25 Alternative candidates for refrigerants with low GWPs include HFC 

refrigerants with no carbon double bond in their composition, for example, R-32 

(CH 2F2, difluoromethane) with a GWP lower than that of R-410A.  

[0005] 
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Similar candidates for such refrigerants include halogenated hydrocarbons, 

which are a type of HFC refrigerants like R-32 and have carbon double bonds in 

their composition. Examples of such halogenated hydrocarbons include HFO

1234yf (CF 3CF=CH 2, tetrafluoropropene) and HFO-1234ze (CF 3-CH=CHF). HFC 

5 refrigerants with carbon double bonds in their composition are often expressed as 

"HFO" using "0" for olefin (unsaturated hydrocarbons with carbon double bonds are 

called olefin) to differentiate such HFC refrigerants from HFC refrigerants with no 

carbon double bond in their composition, such as R-32.  

[0006] 

10 Although such HFC refrigerants (including HFO refrigerants) with low GWPs 

are not as highly flammable as HC refrigerants such as R-290, which is a natural 

refrigerant, unlike R-410A, which is non-flammable, these HFC refrigerants have 

mild flammability (mildly flammable). Thus, as with R-290, care needs to be taken 

against refrigerant leaks. Hereinafter, refrigerants with levels of flammability equal 

15 to or higher than mild flammability (for example, 2L or higher in the ASHRAE-34 

classification) will be referred to as "flammable refrigerants".  

[0007] 

Leakage of flammable refrigerant into the indoor space causes indoor 

refrigerant concentration to increase, potentially leading to formation of a flammable 

20 concentration region.  

[0008] 

Patent Literature 1 describes an air-conditioning apparatus using flammable 

refrigerant. The air-conditioning apparatus includes a refrigerant detection unit 

disposed on the outer surface of the indoor unit to detect flammable refrigerant, and 

25 a control unit that rotates an indoor-unit air-sending fan when the refrigerant 

detection unit detects refrigerant. In the air-conditioning apparatus, in situations 

such as when flammable refrigerant leaks into the indoor space from an extension 

pipe leading to the indoor unit, and when flammable refrigerant that has leaked out 

inside the indoor unit flows to the outside of the indoor unit through a gap in the 
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housing of the indoor unit, the leaked refrigerant can be detected by the refrigerant 

detection unit. Further, when a refrigerant leak is detected, the indoor-unit air

sending fan is rotated. As a result, the indoor air is sucked in from the air inlet 

provided in the housing of the indoor unit, and air is blown out into the indoor space 

5 from the air outlet, thus enabling effective dispersion of the leaked refrigerant.  

Citation List 

Patent Literature 

[0009] 

Patent Literature 1: Japanese Patent No. 4599699 

10 [0009A] 

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 

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 

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

Summary 

[0009B] 

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

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

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

steps.  

[0010] 

However, the amount of refrigerant charge is not specified for the air

conditioning apparatus described in Patent Literature 1. Thus, if the amount of 

25 refrigerant charge is excessive, a flammable concentration region can form in the 

indoor space even when the leaked refrigerant and the indoor air are stirred by 

using the indoor-unit air-sending fan.  

[0011] 

3
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The present invention has been made in view of the above-mentioned 

problem, and an object of at least one embodiment of the invention is to provide an 

air-conditioning apparatus that reduces formation of a flammable concentration 

region in the indoor space even when flammable refrigerant leaks accidentally. An 

5 alternative object of the present invention is to provide the public with a useful 

choice 

[0012] 

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

conditioning apparatus comprising: a refrigeration cycle through which refrigerant is 

10 circulated; and an indoor unit accommodating at least an indoor heat exchanger of 

the refrigeration cycle, the indoor unit being disposed in an indoor space, the 

refrigerant being a flammable refrigerant with a density greater than a density of air 

under atmospheric pressure, the indoor unit including an air-sending fan, an air 

inlet through which air of the indoor space is sucked in, and an air outlet through 

15 which the air sucked in through the air inlet is blown out to the indoor space, the air

conditioning apparatus being configured to dilute leaked refrigerant by operation of 

the air-sending fan, when M [kg] represents an amount of charge of the refrigerant 

in the refrigeration cycle, LFL [kg/m3 ] represents a lower flammable limit of the 

refrigerant, A [M 2 ] represents a floor area of the indoor space, and Ho [m] 

20 represents a height of the air outlet above a floor surface of the indoor space, the 

amount of charge M, the lower flammable limit LFL, the floor area A, and the height 

Ho satisfying a relationship of M < LFL x A x Ho.  

[0013] 

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

25 air-conditioning apparatus comprising: a refrigeration cycle through which 

refrigerant is circulated; and an indoor unit accommodating at least an indoor heat 

exchanger of the refrigeration cycle, the indoor unit being disposed in an indoor 

space, the refrigerant being a flammable refrigerant with a density greater than a 

density of air under atmospheric pressure, the indoor unit including an air-sending 

4



fan, an air inlet through which air of the indoor space is sucked in, an air outlet 

through which the air sucked in through the air inlet is blown out to the indoor 

space, and a vertical air deflector vane located at the air outlet, the air-conditioning 

apparatus being configured to dilute leaked refrigerant by operation of the air

5 sending fan and to blow out the air upward through the air outlet by the vertical air 

deflector vane, when M [kg] represents an amount of charge of the refrigerant in 

the refrigeration cycle, LFL [kg/m3] represents a lower flammable limit of the 

refrigerant, A [m2] represents a floor area of the indoor space, Ho [m] represents a 

height of the air outlet above a floor surface of the indoor space, and Hc [m] 

10 represents a height of a ceiling surface above the floor surface of the indoor space, 

the amount of charge M, the lower flammable limit LFL, the floor area A, the height 

Ho, and the height Hc satisfying a relationship of LFL x A x Ho M < LFL x A x Hc..  

[0013A] 

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

15 refrigerant amount setting method of an air-conditioning apparatus, the air

conditioning apparatus including a refrigeration cycle through which refrigerant is 

circulated, and an indoor unit accommodating at least an indoor heat exchanger of 

the refrigeration cycle, the indoor unit being disposed in an indoor space, the 

refrigerant being a flammable refrigerant with a density greater than a density of air 

20 under atmospheric pressure, the indoor unit including an air-sending fan, an air 

inlet through which air of the indoor space is sucked in, and an air outlet through 

which the air sucked in through the air inlet is blown out to the indoor space, the air

conditioning apparatus being configured to dilute leaked refrigerant by operation of 

the air-sending fan, the refrigerant amount setting method of the air-conditioning 

25 apparatus comprising setting an amount of the refrigerant of the air-conditioning 

apparatus, the setting including, when M [kg] represents an amount of charge of 

the refrigerant in the refrigeration cycle, LFL [kg/m3] represents a lower flammable 

limit of the refrigerant, A [m2] represents a floor area of the indoor space, and Ho 

[m] represents a height of the air outlet above a floor surface of the indoor space, 

5
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setting the amount of charge M so that the amount of charge M, the lower 

flammable limit LFL, the floor area A, and the height Ho satisfy a relationship of M < 

LFL x A x Ho 

[0013B] 

5 According to a fourth aspect of the present invention there is provided a 

refrigerant amount setting method of an air-conditioning apparatus, the air

conditioning apparatus including a refrigeration cycle through which refrigerant is 

circulated, and an indoor unit accommodating at least an indoor heat exchanger of 

the refrigeration cycle, the indoor unit being disposed in an indoor space, the 

10 refrigerant being a flammable refrigerant with a density greater than a density of air 

under atmospheric pressure, the indoor unit including an air-sending fan, an air 

inlet through which air of the indoor space is sucked in, an air outlet through which 

the air sucked in through the air inlet is blown out to the indoor space, and a vertical 

air deflector vane located at the air outlet, the air-conditioning apparatus being 

15 configured to dilute leaked refrigerant by operation of the air-sending fan and to 

blow out the air upward through the air outlet by the vertical air deflector vane, the 

refrigerant amount setting method of the air-conditioning apparatus comprising 

setting an amount of the refrigerant of the air-conditioning apparatus, the setting 

including, when M [kg] represents an amount of charge of the refrigerant in the 

20 refrigeration cycle, LFL [kg/m3] represents a lower flammable limit of the 

refrigerant, A [m2] represents a floor area of the indoor space, Ho [m] represents a 

height of the air outlet above a floor surface of the indoor space, and Hc [m] 

represents a height of a ceiling surface above the floor surface of the indoor space, 

setting the amount of charge M so that the amount of charge M, the lower 

25 flammable limit LFL, the floor area A, the height Ho, and the height Hc satisfy a 

relationship of LFL x A x Ho 5 M < LFL x A x Hc.  

[0014] 
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At least one embodiment described within the following reduces formation of 

a flammable concentration region in the indoor space even when flammable 

refrigerant leaks accidentally.  

Brief Description of Drawings 

5 [0015] 

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

configuration of an air-conditioning apparatus according to Embodiment 1 of the 

present invention.  

[Fig. 2] Fig. 2 is a front view illustrating the exterior configuration of an indoor 

10 unit 1 of the air-conditioning apparatus according to Embodiment 1 of the present 

invention.  

[Fig. 3] Fig. 3 is a front view schematically illustrating the internal structure of 

the indoor unit 1 of the air-conditioning apparatus according to Embodiment 1 of the 

present invention.  

15 [Fig. 4] Fig. 4 is a side view schematically illustrating the internal structure of 

the indoor unit 1 of the air-conditioning apparatus according to Embodiment I of the 

present invention.  

[Fig. 5] Fig. 5 is a flowchart illustrating an example of a refrigerant leak 

detection process executed by a control unit 30 in the air-conditioning apparatus 

20 according to Embodiment 1 of the present invention.  

[Fig. 6] Fig. 6 illustrates the state of an indoor space 120 after operation of an 

indoor air-sending fan 7f is started through the process of step S3 illustrated in Fig.  

5 in the air-conditioning apparatus according to Embodiment 1 of the present 

invention.  
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[Fig. 7] Fig. 7 is a plan view illustrating the configuration of the indoor space 

120 used in an experiment related to Embodiment 1 of the present invention.  

[Fig. 8] Fig. 8 is a graph illustrating changes in refrigerant concentration over 

time in a first experiment related to Embodiment 1 of the present invention.  

5 [Fig. 9] Fig. 9 is a graph illustrating changes in refrigerant concentration over 

time in a second experiment related to Embodiment 1 of the present invention.  

[Fig. 10] Fig. 10 is a cross-sectional view illustrating the configuration in the 

vicinity area of an air outlet 113 of the indoor unit 1 of an air-conditioning apparatus 

according to Embodiment 2 of the present invention.  

10 [Fig. 11] Fig. 11 is a flowchart illustrating an example of a refrigerant leakage 

detection process executed by the control unit 30 in the air-conditioning apparatus 

according to Embodiment 2 of the present invention.  

[Fig. 12] Fig. 12 illustrates the state of the indoor space 120 after operation of 

the indoor air-sending fan 7f is started through the process of step S14 illustrated in 

15 Fig. 11 in the air-conditioning apparatus according to Embodiment 2 of the present 

invention.  

[Fig. 13] Fig. 13 illustrates an example of items written in the catalog of the 

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

[Fig. 14] Fig. 14 illustrates an example of items written in the catalog or 

20 installation manual of the air-conditioning apparatus according to Embodiment 1 of 

the present invention.  

Description of Embodiments 

[0016] 

Embodiment 1 

25 An air-conditioning apparatus according to Embodiment 1 of the present 

invention will be described. Fig. 1 is a refrigerant circuit diagram illustrating the 

general configuration of the air-conditioning apparatus according to Embodiment 1.  

In the drawings including Fig. 1, features such as the relative sizes of components 

and their shapes may not be to scale.  

6
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[0017] 

As illustrated in Fig. 1, the air-conditioning apparatus has a refrigeration 

cycle 40 through which refrigerant is circulated. The refrigeration cycle 40 

includes a compressor 3, a refrigerant flow switching device 4, an outdoor heat 

5 exchanger 5 (heat source-side heat exchanger), a pressure reducing device 6, and 

an indoor heat exchanger 7 (load-side heat exchanger) that are annularly 

connected in the stated order by pipes. The air-conditioning apparatus further 

includes an indoor unit 1 that is installed indoors, for example, and an outdoor unit 

2 that is installed outdoors, for example. The indoor unit 1 and the outdoor unit 2 

10 are connected to each other by extension pipes 10a and 1Ob constituting part of 

refrigerant pipes.  

[0018] 

Examples of refrigerant circulated through the refrigeration cycle 40 include a 

mildly flammable refrigerant such as R-32, HFO-1234yf, and HFO-1234ze, and a 

15 highly flammable refrigerant such as R-290 and R-1270. Each of these 

refrigerants may be used as a single-component refrigerant, or may be used as a 

refrigerant mixture that is a mixture of two or more types of refrigerant. Each of 

these refrigerants has a density greater than the density of air under atmospheric 

pressure (for example, at room temperature (25 degrees C)).  

20 [0019] 

The compressor 3 is a piece of fluid machinery that compresses low

pressure refrigerant sucked into the compressor 3, and discharges the compressed 

refrigerant as high-pressure refrigerant. Examples of the compressor 3 used 

include an inverter-driven hermetic electric compressor with adjustable rotation 

25 speed. The refrigerant flow switching device 4 switches the directions of 

refrigerant flow in the refrigeration cycle 40 between cooling operation and heating 

operation. The refrigerant flow switching device 4 used is, for example, a four-way 

valve. The outdoor heat exchanger 5 is a heat exchanger that acts as a radiator 

(for example, condenser) in cooling operation, and acts as an evaporator in heating 

7
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operation. In the outdoor heat exchanger 5, heat is exchanged between the 

refrigerant circulated in the outdoor heat exchanger 5, and the air (outside air) sent 

by an outdoor air-sending fan 5f described later. The pressure reducing device 6 

reduces the pressure of high-pressure refrigerant to turn the refrigerant into low

5 pressure refrigerant. The pressure reducing device 6 used is, for example, an 

electronic expansion valve with an adjustable opening degree. The indoor heat 

exchanger 7 is a heat exchanger that acts as an evaporator in cooling operation, 

and acts as a radiator (for example, condenser) in heating operation. In the indoor 

heat exchanger 7, heat is exchanged between the refrigerant circulated in the 

10 indoor heat exchanger 7, and the air sent by an indoor air-sending fan 7f described 

later. The term cooling operation refers to an operation in which low-temperature, 

low-pressure refrigerant is supplied to the indoor heat exchanger 7, and heating 

operation refers to an operation in which high-temperature, high-pressure 

refrigerant is supplied to the indoor heat exchanger 7.  

15 [0020] 

The compressor 3, the refrigerant flow switching device 4, the outdoor heat 

exchanger 5, and the pressure reducing device 6 are accommodated in the outdoor 

unit 2. Further, the outdoor air-sending fan 5f for supplying outside air to the 

outdoor heat exchanger 5 is also accommodated in the outdoor unit 2. The 

20 outdoor air-sending fan 5f is placed opposite to the outdoor heat exchanger 5.  

Rotating the outdoor air-sending fan 5f creates a flow of air that passes through the 

outdoor heat exchanger 5. The outdoor air-sending fan 5f used is, for example, a 

propeller fan. The outdoor air-sending fan 5f is disposed downstream of the 

outdoor heat exchanger 5, for example, in the direction of the flow of air created by 

25 the outdoor air-sending fan 5f.  

[0021] 

Refrigerant pipes disposed in the outdoor unit 2 include a refrigerant pipe 

that connects an extension-pipe connection valve 13a located on the gas side (in 

cooling operation) with the refrigerant flow switching device 4, a suction pipe 11 

8
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connected to the suction side of the compressor 3, a discharge pipe 12 connected 

to the discharge side of the compressor 3, a refrigerant pipe that connects the 

refrigerant flow switching device 4 with the outdoor heat exchanger 5, a refrigerant 

pipe that connects the outdoor heat exchanger 5 with the pressure reducing device 

5 6, and a refrigerant pipe that connects the pressure reducing device 6 with an 

extension-pipe connection valve 13b located on the liquid side (in cooling 

operation). The extension-pipe connection valve 13a is implemented as a two

way valve capable of being switched open and close, with a flare coupling attached 

at its one end. The extension-pipe connection valve 13b is implemented as a 

10 three-way valve capable of being switched open and close. A service port 14a 

that is used during vacuuming (during an operation performed prior to filling the 

refrigeration cycle 40 with refrigerant) is attached at one end of the extension-pipe 

connection valve 13b, and a flare coupling is attached at another end.  

[0022] 

15 High-temperature, high-pressure gas refrigerant compressed by the 

compressor 3 flows through the discharge pipe 12 during both cooling operation 

and heating operation. Low-temperature, low-pressure refrigerant (gas refrigerant 

or two-phase refrigerant) that has undergone evaporation flows through the suction 

pipe 11 during both cooling operation and heating operation. The suction pipe 11 

20 is connected with a service port 14b with flare coupling on the low-pressure side, 

and the discharge pipe 12 is connected with a service port 14c with flare coupling 

on the high-pressure side. The service ports 14b and 14c are used to connect a 

pressure gauge to measure operating pressure during a test run made at the time 

of installation or repair of the air-conditioning apparatus.  

25 [0023] 

The indoor heat exchanger 7 is accommodated in the indoor unit 1. Further, 

the indoor air-sending fan 7f for supplying air to the indoor heat exchanger 7 is 

installed in the indoor unit 1. Rotating the indoor air-sending fan 7f creates a flow 

of air that passes through the indoor heat exchanger 7. Depending on the type of 

9
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the indoor unit 1, examples of the indoor air-sending fan 7f used include a 

centrifugal fan (for example, a sirocco fan or a turbo fan), a cross-flow fan, a mixed 

flow fan, and an axial flow fan (for example, a propeller fan). Although the indoor 

air-sending fan 7f in the present example is disposed upstream of the indoor heat 

5 exchanger 7 in the direction of the flow of air created by the indoor air-sending fan 

7f, the indoor air-sending fan 7f may be disposed downstream of the indoor heat 

exchanger 7.  

[0024] 

The indoor unit 1 is further provided with components such as a suction air 

10 temperature sensor 91 that detects the temperature of indoor air sucked in from the 

indoor space, a heat exchanger inlet temperature sensor 92 that detects the 

temperature of refrigerant at the location of the indoor heat exchanger 7 that 

becomes the inlet during cooling operation (the outlet during heating operation), 

and a heat exchanger temperature sensor 93 that detects the temperature 

15 (evaporating temperature or condensing temperature) of the two-phase portion of 

refrigerant in the indoor heat exchanger 7. Further, the indoor unit 1 is provided 

with a refrigerant detection unit 99 described later. These various sensors each 

output a detection signal to the control unit 30 that controls the indoor unit 1 or the 

entire air-conditioning apparatus.  

20 [0025] 

Among the refrigerant pipes of the indoor unit 1, an indoor pipe 9a on the gas 

side is provided with a coupling 15a (for example, a flare coupling) located at its 

connection with the extension pipe 1 0a on the gas side, to connect the extension 

pipe 1 0a. Further, among the refrigerant pipes of the indoor unit 1, an indoor pipe 

25 9b on the liquid side is provided with a coupling 15b (for example, a flare coupling) 

located at its connection with the extension pipe 1Ob on the liquid side, to connect 

the extension pipe 10b.  

[0026] 

10
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The control unit 30 has a microcomputer including components such as a 

CPU, a ROM, a RAM, and an input-output port. The control unit 30 is capable of 

mutually communicating data with an operating unit 26 described later. The 

control unit 30 in the present example controls the operation of the indoor unit 1 or 

5 the entire air-conditioning apparatus including the operation of the indoor air

sending fan 7f, based on signals such as an operational signal from the operating 

unit 26 and detection signals from various sensors. The control unit 30 may be 

provided inside the housing of the indoor unit 1, or may be provided inside the 

housing of the outdoor unit 2. Further, the control unit 30 may include an outdoor

10 unit control unit disposed in the outdoor unit 2, and an indoor-unit control unit 

disposed in the indoor unit 1 and capable of data communication with the outdoor

unit control unit.  

[0027] 

Next, operation of the refrigeration cycle 40 of the air-conditioning apparatus 

15 will be described. First, cooling operation will be described. In Fig. 1, solid 

arrows indicate the flow of refrigerant in cooling operation. In cooling operation, 

the refrigerant circuit is configured so that the flow path of refrigerant is switched by 

the refrigerant flow switching device 4 as indicated by the solid arrows, causing 

low-temperature, low-pressure refrigerant to flow to the indoor heat exchanger 7.  

20 [0028] 

High-temperature, high-pressure gas refrigerant discharged from the 

compressor 3 first enters the outdoor heat exchanger 5 via the refrigerant flow 

switching device 4. In cooling operation, the outdoor heat exchanger 5 acts as a 

condenser. That is, in the outdoor heat exchanger 5, heat is exchanged between 

25 the refrigerant circulated in the outdoor heat exchanger 5, and the air (outside air) 

sent by the outdoor air-sending fan 5f, and the condensation heat of the refrigerant 

is rejected to the sent air. This operation causes the refrigerant entering the 

outdoor heat exchanger 5 to be condensed into high-pressure liquid refrigerant.  

The high-pressure liquid refrigerant enters the pressure reducing device 6 where its 
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pressure is reduced, causing the refrigerant to turn into low-pressure, two-phase 

refrigerant. The low-pressure, two-phase refrigerant enters the indoor heat 

exchanger 7 of the indoor unit 1 via the extension pipe 10b. In cooling operation, 

the indoor heat exchanger 7 acts as an evaporator. That is, in the indoor heat 

5 exchanger 7, heat is exchanged between the refrigerant circulated in the indoor 

heat exchanger 7, and the air (indoor air) sent by the indoor air-sending fan 7f, and 

the evaporation heat of the refrigerant is removed from the sent air. This operation 

causes the refrigerant entering the indoor heat exchanger 7 to be evaporated into 

low-pressure gas refrigerant or two-phase refrigerant. The air sent by the indoor 

10 air-sending fan 7f is cooled as the refrigerant removes heat. The low-pressure 

gas refrigerant or two-phase refrigerant evaporated in the indoor heat exchanger 7 

is sucked into the compressor 3 via the extension pipe 10a and the refrigerant flow 

switching device 4. The refrigerant sucked into the compressor 3 is compressed 

into high-temperature, high-pressure gas refrigerant. The above cycle is repeated 

15 in cooling operation.  

[0029] 

Next, heating operation will be described. In Fig. 1, dotted arrows indicate 

the flow of refrigerant in heating operation. In heating operation, the refrigerant 

circuit is configured so that the flow path of refrigerant is switched by the refrigerant 

20 flow switching device 4 as indicated by the dotted arrows, causing high

temperature, high-pressure refrigerant to flow to the indoor heat exchanger 7. In 

heating operation, the refrigerant flows in a direction opposite to that in cooling 

operation, with the indoor heat exchanger 7 acting as a condenser. That is, in the 

indoor heat exchanger 7, heat is exchanged between the refrigerant circulated in 

25 the indoor heat exchanger 7, and the air sent by the indoor air-sending fan 7f, and 

the condensation heat of the refrigerant is rejected to the sent air. The air sent by 

the indoor air-sending fan 7f is thus heated as the refrigerant rejects heat.  

[0030] 
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Fig. 2 is a front view illustrating the exterior configuration of the indoor unit 1 

of the air-conditioning apparatus according to Embodiment 1. Fig. 3 is a front view 

illustrating the internal structure of the indoor unit 1 (with front panels removed).  

Fig. 4 is a side view illustrating the internal structure of the indoor unit 1. The left

5 hand side in Fig. 4 indicates the front side (indoor-space side) of the indoor unit 1.  

In Embodiment 1, the indoor unit 1 is illustrated to be of a floor-standing type 

installed on the floor surface of the indoor space that is the air-conditioned space.  

As a general rule, the relative positions of components (for example, their relative 

vertical arrangement) in the following description will be based on those when the 

10 indoor unit 1 is installed in a usable state.  

[0031] 

As illustrated in Figs. 2 to 4, the indoor unit 1 includes a housing 111 with a 

vertically elongated rectangular parallelepiped shape. An air inlet 112 for sucking 

in the air of the indoor space is provided in a lower part of the front face of the 

15 housing 111. The air inlet 112 in the present example is located at a position 

below the vertically central part of the housing 111 and in the vicinity of the floor 

surface. An air outlet 113 for blowing out the air sucked in through the air inlet 112 

is provided in an upper part of the front face of the housing 111, that is, at a position 

higher than the air inlet 112 (for example, above the vertically central part of the 

20 housing 111). The operating unit 26 is provided at a position on the front face of 

the housing 111 above the air inlet 112 and below the air outlet 113. The operating 

unit 26 is connected to the control unit 30 via a communication line, allowing data to 

be mutually communicated between the operating unit 26 and the control unit 30.  

As described above, the operating unit 26 is operated by the user to perform 

25 functions such as starting and ending the operation of the indoor unit 1 (air

conditioning apparatus), switching operation modes, and setting a preset 

temperature and a preset air volume. The operating unit 26 may be provided with 

components such as a display unit and a voice output unit to provide information to 

the user.  

13
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[0032] 

The housing 111 is in the form of a hollow box with a front opening provided 

on the front face of the housing 111. The housing 111 includes a first front panel 

114a, a second front panel 114b, and a third front panel 114c that are detachably 

5 attached over the front opening. Each of the first front panel 114a, the second 

front panel 114b, and the third front panel 114c has a substantially rectangular, flat 

plate shape. The first front panel 114a is detachably attached over a lower part of 

the front opening of the housing 111. The first front panel 114a is provided with 

the air inlet 112. The second front panel 114b is disposed above and adjacent to 

10 the first front panel 114a, and detachably attached over the vertically central part of 

the front opening of the housing 111. The second front panel 114b is provided with 

the operating unit 26. The third front panel 114c is disposed above and adjacent 

to the second front panel 114b, and detachably attached over an upper part of the 

front opening of the housing 111. The third front panel 114c is provided with the 

15 air outlet 113.  

[0033] 

The internal space of the housing 111 is roughly divided into a space 115a 

serving as an air-sending part, and a space 115b located above the space 115a 

and serving as a heat exchange part. The space 115a and the space 115b are 

20 partitioned off by a partition plate 20 with a flat shape that is disposed substantially 

horizontally. The partition plate 20 is provided with at least an air passage opening 

20a serving as an air passage between the space 115a and the space 115b. The 

space 115a is exposed to the front side when the first front panel 114a is detached 

from the housing 111, and the space 115b is exposed to the front side when the 

25 second front panel 114b and the third front panel 114c are detached from the 

housing 111. That is, the partition plate 20 is placed at substantially the same 

height as the height of the upper end of the first front panel 114a (or the lower end 

of the second front panel 114b).  

[0034] 
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The indoor air-sending fan 7f is disposed in the space 115a to create a flow 

of air that travels toward the air outlet 113 from the air inlet 112. The indoor air

sending fan 7f in the present example is a sirocco fan including a motor (not 

illustrated), and an impeller 107 connected to the output shaft of the motor and 

5 having a plurality of blades arranged circumferentially at equal intervals. The 

rotating axis of the impeller 107 (the output shaft of the motor) is disposed 

substantially in parallel to the direction of the depth of the housing 111. The 

impeller 107 of the indoor air-sending fan 7f is covered by a fan casing 108 having 

a spiral shape. The fan casing 108 is formed, for example, as a component 

10 separate from the housing 111. An air inlet opening 108b for sucking in the indoor 

air through the air inlet 112 is provided in the vicinity of the center of the spiral of the 

fan casing 108. The air inlet opening 108b is located opposite to the air inlet 112.  

Further, an air outlet opening 108a for blowing out the air to be sent is located in 

the direction of the tangent to the spiral of the fan casing 108. The air outlet 

15 opening 108a is oriented upward, and connected to the space 115b via the air 

passage opening 20a of the partition plate 20. In other words, the air outlet 

opening 108a communicates with the space 115b via the air passage opening 20a.  

The open end of the air outlet opening 108a and the open end of the air passage 

opening 20a may be directly connected with each other, or may be indirectly 

20 connected with each other via a component such as a duct member.  

[0035] 

An electrical component box 25 for accommodating components such as 

various electrical components, a board, and a microcomputer constituting, for 

example, the control unit 30 are provided in the space 115a.  

25 [0036] 

The indoor heat exchanger 7 is disposed in an air passage 81 in the space 

115b. A drain pan (not illustrated) is provided below the indoor heat exchanger 7 

to receive water condensed on the surface of the indoor heat exchanger 7. The 

drain pan may be formed as a part of the partition plate 20, or may be formed as a 
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component separate from the partition plate 20 and disposed on the partition plate 

20.  

[0037] 

The refrigerant detection unit 99 is disposed close to a lower part of the area 

5 in the vicinity of the air inlet opening 108b. The refrigerant detection unit 99 

detects, for example, the concentration of refrigerant in the air around the 

refrigerant detection unit 99, and outputs the resulting detection signal to the control 

unit 30. The control unit 30 determines whether refrigerant leaks based on the 

detection signal from the refrigerant detection unit 99.  

10 [0038] 

In the indoor unit 1, refrigerant may leak at the brazed joints in the indoor 

heat exchanger 7, and the couplings 15a and 15b. Further, the refrigerant used in 

Embodiment 1 has a density greater than the density of air under atmospheric 

pressure. Thus, the refrigerant detection unit 99 according to Embodiment 1 is 

15 located at a position in the housing 111 below the indoor heat exchanger 7 and the 

couplings 15a and 15b. This configuration ensures that the refrigerant detection 

unit 99 is able to detect leaked refrigerant at least when the indoor air-sending fan 

7f is stopped. Although the refrigerant detection unit 99 is disposed close to a 

lower part of the area in the vicinity of the air inlet opening 108b in Embodiment 1, 

20 the refrigerant detection unit 99 may be placed at a different position.  

[0039] 

Fig. 5 is a flowchart illustrating an example of a refrigerant leak detection 

process executed by the control unit 30. This refrigerant leak detection process is 

repeatedly executed at predetermined time intervals either at all time, that is, both 

25 time when the air-conditioning apparatus is operating and time when the air

conditioning apparatus is stopped, or only at a time when the air-conditioning 

apparatus is stopped.  

[0040] 
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In step S1 illustrated in Fig. 5, the control unit 30 acquires, based on a 

detection signal from the refrigerant detection unit 99, information on the 

concentration of refrigerant in the vicinity of the refrigerant detection unit 99.  

[0041] 

5 Next, in step S2, whether the concentration of refrigerant in the vicinity of the 

refrigerant detection unit 99 is equal to or higher than a preset threshold is 

determined. When the refrigerant concentration is determined to be equal to or 

higher than the threshold, the process proceeds to step S3. When the refrigerant 

concentration is determined to be less than the threshold, the process is ended.  

10 [0042] 

In step S3, the operation of the indoor air-sending fan 7f is started. When 

the indoor air-sending fan 7f is already operating, the operation is continued as it is.  

In step S3, components such as a display unit and a voice output unit provided in 

the operating unit 26 may be used to inform the user that refrigerant leaks.  

15 [0043] 

As described above, in the refrigerant leak detection process, the operation 

of the indoor air-sending fan 7f is started when a refrigerant leak is detected (that 

is, when the refrigerant concentration detected by the refrigerant detection unit 99 

is equal to or higher than a threshold). As a result, the indoor air is sucked in to 

20 the air inlet 112, and the sucked indoor air is blown out from the air outlet 113.  

This operation allows the leaked refrigerant to be dispersed into the indoor space, 

thus preventing locally increased refrigerant concentrations in the indoor space.  

[0044] 

Fig. 6 illustrates the state of an indoor space 120 after operation of the indoor 

25 air-sending fan 7f is started through the process of step S3 illustrated in Fig. 5. As 

illustrated in Fig. 6, the air outlet 113 is located below the ceiling surface. Thus, 

the height Ho of the upper end of the air outlet 113 above the floor surface is lower 

than the height Hc of the ceiling surface above the floor surface (Ho < Hc). At this 

time, refrigerant leakage is assumed to still continues.  
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[0045] 

Embodiment 1 uses a refrigerant with a density greater than the density of air 

under atmospheric pressure. Thus, leaked refrigerant gas 121 of a relatively high 

concentration accumulates on the floor surface in the vicinity of the indoor unit 1 in 

5 the indoor space 120. As the indoor air-sending fan 7f is started to operate, the 

leaked refrigerant gas 121 is sucked in to the air inlet 112 as a refrigerant-air 

mixture in which refrigerant and air are mixed together. The sucked refrigerant-air 

mixture is blown out into the indoor space 120 through the air outlet 113 as 

indicated by thick arrows in Fig. 6. The direction in which the refrigerant-air 

10 mixture is blown out is, for example, horizontal. That is, while leakage of 

refrigerant continues, the following sequence of operations is repeated 

continuously: a refrigerant-air mixture containing a relatively high concentration of 

refrigerant is sucked in to the air inlet 112, and then blown out into the indoor space 

120 at the height Ho through the air outlet 113.  

15 [0046] 

The refrigerant contained in the refrigerant-air mixture blown out at the height 

Ho has a density greater than the density of air under atmospheric pressure.  

Thus, almost no refrigerant is dispersed to the space above the height Ho, and as 

the refrigerant flows downward, the refrigerant is dispersed to the lower space.  

20 Thus, while leakage of refrigerant continues, the leaked refrigerant is gradually 

dispersed to a lower space 120a that is a space in the indoor space 120 located at 

a height equal to or below the height Ho.  

[0047] 

After leakage of refrigerant ends, the refrigerant-air mixture sucked in to the 

25 air inlet 112 gradually decreases in refrigerant concentration, and the refrigerant-air 

mixture blown out from the air outlet 113 also gradually decreases in refrigerant 

concentration. This operation reduces the difference between the density of the 

refrigerant-air mixture blown out at the height Ho, and the density of air. As a 

result, the refrigerant contained in the refrigerant-air mixture also begins to be 
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dispersed to the space above the height Ho. That is, after leakage of refrigerant 

ends, the refrigerant is gradually dispersed also to an upper space 120b that is a 

space in the indoor space 120 located above the height Ho and below the height 

Hc.  

5 [0048] 

Hereinafter, the above-mentioned phenomenon will be described more 

specifically with reference to experimental results.  

Fig. 7 is a plan view illustrating the configuration of the indoor space 120 

used in an experiment. As illustrated in Fig. 7, the indoor space 120 is an 

10 enclosed space whose planar shape is a square of 4 m x 4 m. The height Hc of 

the ceiling surface of the indoor space 120 is 2.5 m. That is, the indoor space 120 

has a volume of 40 M3 . The indoor unit 1 is disposed on the floor surface along 

the laterally central part of one wall surface in the indoor space 120. The height 

Ho of the air outlet 113 of the indoor unit 1 is 1.5 m. R-32 is used as the 

15 refrigerant. The lower flammable limit (LFL) of R-32 is 0.306 kg/M 3 (= 14.4 vol%).  

The indoor air-sending fan 7f is set to start operating when the concentration of 

refrigerant detected by the refrigerant detection unit 99 in the indoor unit 1 (in the 

housing 111) increases to 3.6 vol% (that is, 1/4 of the LFL).  

[0049] 

20 Four refrigerant concentration sensors 122a, 122b, 122c, and 122d used for 

refrigerant concentration measurement are disposed at different heights in the 

central part of the indoor space 120. The refrigerant concentration sensors 122a, 

122b, 122c, and 122d are respectively located at heights of 0.5 m, 1.0 m, 1.5 m, 

and 2.0 m above the floor surface. That is, the refrigerant concentration sensors 

25 122a, 122b, and 122c measure the concentrations of refrigerant in the lower space 

120a located at a height equal to or below the height Ho. Of these sensors, the 

refrigerant concentration sensor 122c measures the concentration of refrigerant at 

the same height as the height Ho of the air outlet 113. The refrigerant 
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concentration sensor 122d measures the concentration of refrigerant at a height in 

the upper space 120b above the height Ho.  

[0050] 

In a first experiment, refrigerant was leaked at a leak rate of 10 kg/h in the 

5 housing 111 of the indoor unit 1, and the concentration of the refrigerant was 

measured by each of the four refrigerant concentration sensors 122a, 122b, 122c, 

and 122d. The total amount of refrigerant leaked was set to 12.24 kg. This total 

amount of refrigerant corresponds to the LFL for the volume of the indoor space 

120. That is, the total amount of refrigerant is set so that the concentration of 

10 refrigerant reaches the LFL when the refrigerant is dispersed uniformly throughout 

the entire indoor space 120.  

[0051] 

Fig. 8 is a graph illustrating changes in refrigerant concentration over time in 

the first experiment. The horizontal axis of the graph represents time elapsed 

15 [minute] since the start of refrigerant leakage, and the vertical axis represents 

refrigerant (R-32) concentration [vol%]. The thin solid curved line in the graph 

represents changes in refrigerant concentration measured at a height of 0.5 m by 

the refrigerant concentration sensor 122a. The thin dashed curved line represents 

changes in refrigerant concentration measured at a height of 1.0 m by the 

20 refrigerant concentration sensor 122b. The thick solid curved line represents 

changes in refrigerant concentration measured at a height of 1.5 m by the 

refrigerant concentration sensor 122c. The thick dashed curved line represents 

changes in refrigerant concentration measured at a height of 2.0 m by the 

refrigerant concentration sensor 122d.  

25 [0052] 

As illustrated in Fig. 8, the refrigerant concentrations measured by the 

refrigerant concentration sensors 122a, 122b, and 122c increase monotonously 

over time generally in the time period between the start and end of refrigerant 

leakage (between the 0th minute and approximately the 75th minute), and 
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eventually exceeds the LFL. Then, after the end of refrigerant leakage, these 

refrigerant concentrations gradually decrease, eventually approaching the LFL.  

These refrigerant concentrations are above the LFL in a time period T1 between 

approximately the 60th minute and approximately the 130th minute of the elapsed 

5 time. This result indicates that a flammable concentration region is formed in the 

lower space 120a in the time period T1. The refrigerant concentrations measured 

by the refrigerant concentration sensors 122a, 122b, and 122c exhibit substantially 

identical values irrespective of the elapsed time. This result indicates substantially 

uniform dispersion of leaked refrigerant in the lower space 120a.  

10 [0053] 

Meanwhile, the refrigerant concentration measured by the refrigerant 

concentration sensor 122d remains substantially 0 vol% in the time period between 

the start and end of refrigerant leakage. Although this refrigerant concentration 

starts to increase after the end of refrigerant leakage, the refrigerant concentration 

15 never exceeds the LFL, and eventually approaches the LFL. This result indicates 

that almost no refrigerant disperses to the upper space 120b until the end of 

refrigerant leakage, and such dispersion begins after the end of refrigerant leakage.  

[0054] 

In a second experiment, the total amount of refrigerant was set to 6.12 kg 

20 (half of that in the first experiment). Fig. 9 is a graph illustrating changes in 

refrigerant concentration over time in the second experiment. As illustrated in Fig.  

9, the changes in refrigerant concentration in the second experiment exhibit a 

tendency similar to that of the first experiment.  

[0055] 

25 As in the first experiment, the refrigerant concentrations measured by the 

refrigerant concentration sensors 122a, 122b, and 122c increase monotonously 

over time generally in the time period between the start and end of refrigerant 

leakage (between the 0th minute and approximately the 35th minute), but does not 

reach the LFL. Then, after the end of refrigerant leakage, these refrigerant 
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concentrations gradually decrease, eventually approaching 7.2 vol% (1/2 of the 

LFL). Due to the small total amount of refrigerant in the second experiment, no 

time period existed in which the refrigerant concentration exceeds the LFL.  

[0056] 

5 As in the first experiment, the refrigerant concentration measured by the 

refrigerant concentration sensor 122d remains substantially 0 vol% in the time 

period between the start and end of refrigerant leakage. This refrigerant 

concentration starts to increase after the end of refrigerant leakage, eventually 

approaching 7.2 vol% (1/2 of the LFL).  

10 [0057] 

The following findings can be derived from the phenomenon described above 

with reference to Fig. 6, and the experimental results described above with 

reference to Figs. 7 to 9.  

(1) When the total amount of refrigerant is set equal to or greater than the 

15 amount corresponding to the LFL for the entire volume of the indoor space 120, a 

flammable concentration region may be formed in the lower space 120a.  

(2) To prevent formation of a flammable concentration region in the lower 

space 120a, the total amount of refrigerant needs to be set less than the amount 

corresponding to the LFL for the volume of the lower space 120a.  

20 [0058] 

The entire volume of the indoor space 120 is expressed by the product of the 

floor area of the indoor space 120, and the height Hc of the ceiling surface above 

the floor surface of the indoor space 120. The volume of the lower space 120a is 

expressed by the product of the floor area of the indoor space 120, and the height 

25 Ho at which the air outlet 113 is located above the floor surface of the indoor space 

120 in a state in which the indoor unit 1 is placed in the indoor space 120. Values 

such as the floor area of the indoor space 120, the height Hc of the ceiling surface, 

and the height Ho of the air outlet 113 can not only be determined by the actual 

dimensions of the indoor space 120 in which the indoor unit 1 is actually placed but 
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can also be determined or estimated from the specifications of the air-conditioning 

apparatus or the indoor unit 1 (catalog specifications).  

[0059] 

For example, the floor area can be determined by the applicable floor area 

5 specified by the specifications of the air-conditioning apparatus or the indoor unit 1.  

The applicable floor area specified by the specifications of the air-conditioning 

apparatus or the indoor unit 1 is written in documents such as the catalog, 

installation manual, and delivery specifications sheet of the air-conditioning 

apparatus by using expressions such as "Approximate Air-conditioned Area" and 

10 "Approximate Room Size". Alternatively, the applicable floor area specified by the 

specifications of the air-conditioning apparatus or the indoor unit 1 can be 

determined by dividing the cooling capacity or heating capacity of the air

conditioning apparatus including the indoor unit 1 and the outdoor unit 2 by the 

cooling load or heating load used as a calculation criterion. The cooling capacity 

15 or heating capacity is written in, for example, the nameplate, catalog, or delivery 

specifications sheet of the indoor unit 1 or the outdoor unit 2 as rated capacity or 

maximum capacity. If both rated capacity and maximum capacity are written, 

maximum capacity is used. The cooling load or heating load used as the 

calculation criterion is written in the catalog, the installation manual, the delivery 

20 specifications sheet, or other documents.  

[0060] 

Fig. 13 illustrates an example of items written in the catalog. As illustrated 

in Fig. 13, if, for example, the maximum cooling capacity of the air-conditioning 

apparatus is 5.0 kW, and the cooling load used as the calculation criterion for the 

25 indoor space in which the indoor unit 1 is installed is in the range of 170 W/m 2 to 

115 W/m 2 (the cooling load used as the calculation criterion for general offices is 

used as an example here), the applicable floor area is determined to be in the 

range of 29 m2 to 43 m 2.  

[0061] 
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When the indoor unit 1 is of a floor-standing type, the indoor unit 1 is 

installed on the floor surface. Thus, for the indoor unit 1 of a floor-standing type, 

the height Ho of the air outlet 113 above the floor surface corresponds to the height 

dimension of the indoor unit 1 from its bottom surface (for example, the surface in 

5 contact with the floor surface) to the air outlet 113. The height dimension of the 

indoor unit 1 from the bottom surface to the air outlet 113 can be determined based 

on the dimensions of various parts of the indoor unit 1 written in the catalog, the 

delivery specifications sheet, or other documents. Alternatively, the height 

dimension of the indoor unit 1 from the bottom surface to the air outlet 113 can be 

10 also determined by actual measurement.  

[0062] 

When the indoor unit 1 used is of a type (for example, a wall-mounted type) 

other than a floor-standing type, the indoor unit 1 is installed at a predetermined 

installation height above the floor surface. Thus, the height Ho of the air outlet 113 

15 of the indoor unit 1 above the floor surface can be determined by the sum of the 

height dimension of the indoor unit 1 from the bottom surface to the air outlet 113, 

and the installation height of the indoor unit 1 above the floor surface (that is, the 

height dimension from the floor surface to the bottom surface of the indoor unit 1).  

The height dimension of the indoor unit 1 from the bottom surface to the air outlet 

20 113 can be determined based on the dimensions of various parts of the indoor unit 

1 written in the catalog, the delivery specifications sheet, or other documents.  

Alternatively, the height dimension of the indoor unit 1 from the bottom surface to 

the air outlet 113 can be also determined by actual measurement. The installation 

height of the indoor unit 1 above the floor surface is written in the catalog, the 

25 installation manual, the delivery specifications sheet, or other documents. For 

example, if the height dimension of the indoor unit 1 from the bottom surface to the 

air outlet 113 is 10 cm, and the installation height of the indoor unit 1 above the 

floor surface is 180 cm, the height Ho of the air outlet 113 above the floor surface is 

determined to be 190 cm.  
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[0063] 

The lower flammable limit LFL can be determined by the type of refrigerant.  

The type of refrigerant is written in, for example, the nameplate of the outdoor unit 

2, the catalog, the installation manual, or the delivery specifications sheet. The 

5 lower flammable limit LFL for each individual type of refrigerant is written in 

literature such as the international standard IEC 60335-2-40.  

[0064] 

The amount of refrigerant charge, M, can be determined by the sum of 

refrigerant charged at the factory, and the amount of refrigerant added on-site as 

10 needed depending on the length of refrigerant pipes. The amount of refrigerant 

charged at the factory is written in, for example, the nameplate of the outdoor unit 

2, the catalog, the installation manual, or the delivery specifications sheet. The 

amount of refrigerant added on-site depending on the length of refrigerant pipes is 

written in the catalog, the installation manual, or other documents.  

15 [0065] 

Fig. 14 illustrates an example of items written in the catalog or the installation 

manual. In the example illustrated in Fig. 14, such items include the type of 

refrigerant, the amount of refrigerant charge at factory, and the amount of 

refrigerant added for refrigerant pipe lengths over 30 m.  

20 [0066] 

The catalog and the delivery specifications sheet, which are documents used 

during business negotiations, are distributed to the public and can be also obtained 

from websites. Further, the installation manual is packaged with at least one of 

the indoor unit 1 and the outdoor unit 2, and can be also obtained from websites.  

25 The nameplate is attached on the indoor unit 1 and the outdoor unit 2.  

[0067] 

As described above, the air-conditioning apparatus according to Embodiment 

1 includes the refrigeration cycle 40 through which refrigerant is circulated, the 

indoor unit 1 that accommodates at least the indoor heat exchanger 7 of the 
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refrigeration cycle 40, the indoor unit 1 being disposed in the indoor space 120, and 

the control unit 30 that controls the indoor unit 1. The refrigerant is a flammable 

refrigerant with a density greater than the density of air under atmospheric 

pressure. The indoor unit 1 includes the indoor air-sending fan 7f, the air inlet 112 

5 through which the air of the indoor space 120 is sucked in, and the air outlet 113 

located above the air inlet 112 and through which the air sucked in through the air 

inlet 112 is blown out to the indoor space 120. The air outlet 113 is provided on 

the front face or the side face (the front face in the present example) of the housing 

111 of the indoor unit 1. The control unit 30 activates the indoor air-sending fan 7f 

10 when leakage of the refrigerant is detected. When M [kg] represents the amount 

of charge of the refrigerant in the refrigeration cycle 40, LFL [kg/M 3] represents the 

lower flammable limit of the refrigerant, A [M 2] represents the floor area of the 

indoor space 120, and Ho [m] represents the height of the air outlet 113 above the 

floor surface of the indoor space 120, the amount of charge M, the lower flammable 

15 limit LFL, the floor area A, and the height Ho satisfy the relationship of M < LFL x A 

x Ho.  

[0068] 

This configuration ensures that even if the entire amount of refrigerant 

charged in the refrigeration cycle 40 leaks to the indoor space 120, the refrigerant 

20 concentration in the lower space 120a does not increase to the LFL.  

Consequently, formation of a flammable concentration region in the indoor space 

120 can be reduced.  

[0069] 

For the air-conditioning apparatus according to Embodiment 1, the floor area 

25 mentioned above may be the applicable floor area specified by the specifications of 

the air-conditioning apparatus or the indoor unit 1.  

[0070] 

Both to reduce formation of a flammable concentration region and to ensure 

sufficient air-conditioning capacity of the air-conditioning apparatus to the indoor 
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space 120, the amount of charge M, the lower flammable limit LFL, the floor area A, 

and the height Ho may be made to satisfy the relationship of S x LFL x A x Ho M 

< LFL x A x Ho, where S denotes a coefficient greater than 0 and less than 1 (0 < S 

< 1). The coefficient S is a value that varies with factors such as the range of air 

5 conditions (for example, the range of outside air temperatures) set in advance in 

implementing the air-conditioning apparatus, the maximum length of the extension 

pipe, the specifications of the heat exchanger used in the air-conditioning 

apparatus, and the type of refrigerant. Depending on the case, the coefficient S 

may have a value of about 1/10, or may have a value of about 1/100 or less.  

10 [0071] 

Embodiment 2 

An air-conditioning apparatus according to Embodiment 2 of the present 

invention will be described. In the air-conditioning apparatus according to 

Embodiment 2, the amount of refrigerant charge M, the lower flammable limit LFL 

15 of the refrigerant, the floor area A of the indoor space 120, and the height Ho of the 

air outlet 113 satisfy the relationship of M >_ LFL x A x Ho.  

[0072] 

Fig. 10 is a cross-sectional view illustrating the configuration in the vicinity 

area of the air outlet 113 of the indoor unit 1 of the air-conditioning apparatus 

20 according to Embodiment 2. The configuration of the indoor unit 1 in areas other 

than the vicinity of the air outlet 113 is the same as that of the indoor unit 1 

according to Embodiment 1, thus illustration and description of the configuration in 

these areas will be omitted.  

[0073] 

25 As illustrated in Fig. 10, the indoor unit 1 according to Embodiment 2 has, at 

the air outlet 113, a single or a plurality of (five in the present example) vertical air 

deflector vanes 123. The vertical air deflector vanes 123 are capable of rotating 

about the rotation axis provided in the horizontal direction, between an angular 

position oriented diagonally downward as indicated by dashed lines in Fig. 10 and 
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an angular position oriented diagonally upward as indicated by solid lines in Fig. 10.  

With the vertical air deflector vanes 123 set in the downward angular position, air is 

blown out downward from the air outlet 113. With the vertical air deflector vanes 

123 set in the upward angular position, air is blown out upward (as indicated by 

5 arrows in Fig. 10) from the air outlet 113. The vertical air deflector vanes 123 are 

controlled by the control unit 30 so that the vertical air deflector vanes 123 are 

driven to rotate by a drive mechanism (not illustrated).  

[0074] 

Fig. 11 is a flowchart illustrating an example of a refrigerant leak detection 

10 process executed by the control unit 30. This refrigerant leak detection process is 

repeatedly executed at predetermined time intervals at all time, that is, both time 

when the air-conditioning apparatus is operating and time when the air-conditioning 

apparatus is stopped, or only at a time when the air-conditioning apparatus is 

stopped. Step S11 to S13 are the same as steps S1 to S3 illustrated in Fig. 5.  

15 [0075] 

As illustrated in Fig. 11, when the concentration of refrigerant is determined 

to be equal to or higher than a threshold, step S14 is executed in addition to S13 

that is the same as S3. At step S14, the vertical air deflector vanes 123 are set to 

be oriented more upward than the horizontal plane. The ideal angle of the vertical 

20 air deflector vanes 123 at this time is 45 degrees to the horizontal plane. This 

ideal angle causes air to be blown out upward (toward the upper space 120b) from 

the air outlet 113. Step S13 may be executed after S14 is executed.  

[0076] 

Fig. 12 illustrates the state of the indoor space 120 after the vertical air 

25 deflector vanes 123 are set to be oriented upward through the process of step S14.  

As illustrated in Fig. 12, a refrigerant-air mixture is blown out upward from the air 

outlet 113. Thus, unlike the arrangement illustrated in Fig. 6, the refrigerant can 

be dispersed throughout the entire indoor space 120 including the upper space 

120b from immediately after the start of refrigerant leakage. Consequently, 
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Embodiment 2 reduces formation of a flammable concentration region in the indoor 

space 120 even when the amount of refrigerant charge is set equal to or greater 

than the amount corresponding to the LFL for the volume of the lower space 120a.  

The amount of refrigerant charge is preferable to be set less than the amount 

5 corresponding to the LFL for the entire volume of the indoor space 120.  

[0077] 

As described above, the air-conditioning apparatus according to Embodiment 

1 includes the refrigeration cycle 40 through which refrigerant is circulated, the 

indoor unit 1 that accommodates at least the indoor heat exchanger 7 of the 

10 refrigeration cycle 40, the indoor unit 1 being disposed in the indoor space 120, and 

the control unit 30 that controls the indoor unit 1. The refrigerant is a flammable 

refrigerant with a density greater than the density of air under atmospheric 

pressure. The indoor unit 1 includes the indoor air-sending fan 7f, the air inlet 112 

through which the air of the indoor space 120 is sucked in, the air outlet 113 located 

15 above the air inlet 112 and through which the air sucked in through the air inlet 112 

is blown out to the indoor space 120, and the vertical air deflector vanes 123 

located at the air outlet 113. The air outlet 113 is provided on the front face or the 

side face of the housing 111 of the indoor unit 1. When M [kg] represents the 

amount of charge of the refrigerant in the refrigeration cycle 40, LFL [kg/M 3] 

20 represents the lower flammable limit of the refrigerant, A [M 2] represents the floor 

area of the indoor space 120, and Ho [m] represents the height of the air outlet 113 

above the floor surface of the indoor space 120, the amount of charge M, the lower 

flammable limit LFL, the floor area A, and the height Ho satisfy the relationship of M 

> LFL x A x Ho. The control unit 30 activates the indoor air-sending fan 7f and 

25 sets the vertical air deflector vanes 123 to an upward orientation when leakage of 

the refrigerant is detected.  

[0078] 

This configuration allows leaked refrigerant to be dispersed not only to the 

lower space 120a but also to the upper space 120b. Consequently, formation of a 
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flammable concentration region in the indoor space 120 can be reduced even when 

the amount of refrigerant charge is set equal to or greater than the amount 

corresponding to the LFL for the volume of the lower space 120a.  

[0079] 

5 Further, in the air-conditioning apparatus according to Embodiment 2, when 

Hc [m] represents the height of the ceiling surface above the floor surface of the 

indoor space 120, the amount of charge M, the lower flammable limit LFL, the floor 

area A, and the height Hc may satisfy the relationship of M < LFL x A x Hc.  

[0080] 

10 This configuration reduces formation of a flammable concentration region in 

the indoor space 120 even if the entire amount of refrigerant charged in the 

refrigeration cycle 40 leaks to the indoor space 120.  

[0081] 

In the air-conditioning apparatus according to Embodiment 2, the floor area 

15 mentioned above may be the applicable floor area specified by the specifications of 

the air-conditioning apparatus or the indoor unit 1.  

[0082] 

Other embodiments 

The present invention is not limited to the above embodiments but capable of 

20 various modifications.  

For example, although the air outlet 113 and the air inlet 112 are provided on 

the front face of the housing 111 of the indoor unit 1 in the embodiments mentioned 

above, the air outlet 113 and the air inlet 112 may be provided on the side face of 

the housing 111.  

25 [0083] 

Although the above-mentioned embodiments are directed to the indoor unit 1 

that is of a floor-standing type, the present invention is also applicable to any other 

type of indoor unit (for example, a wall-mounted indoor unit) placed so that the 

height Ho of the air outlet is lower than the height Hc of the ceiling surface.  
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Reference Signs List 

[0084] 

1 indoor unit 2 outdoor unit 3 compressor 4 refrigerant flow 

switching device 5 outdoor heat exchanger 5f outdoor air-sending fan 6 

5 pressure reducing device 7 indoor heat exchanger 7f indoor air-sending fan 

9a, 9b indoor pipe 10a, 10b extension pipe 11 suction pipe 12 discharge 

pipe 13a, 13b extension-pipe connection valve 14a, 14b, 14c service port 

15a, 15b coupling 20 partition plate 20a air passage opening 25 

electrical component box 26 operating unit 30 control unit 40 refrigeration 

10 cycle 81 air passage 91 suction air temperature sensor 92 heat 

exchanger inlet temperature sensor 93 heat exchanger temperature sensor 99 

refrigerant detection unit 107 impeller 108 fan casing 108a air outlet 

opening 108b air inlet opening 111 housing 112 air inlet 113 air outlet 

114a first front panel 114b second front panel 114c third front panel 115a, 

15 115b space 120 indoorspace 120a lowerspace 120b upperspace 

121 leaked refrigerant gas 122a, 122b, 122c, 122d refrigerant concentration 

sensor 123 vertical air deflector vane 
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CLAIMS 

[Claim 1] 

An air-conditioning apparatus comprising: 

a refrigeration cycle through which refrigerant is circulated; and 

5 an indoor unit accommodating at least an indoor heat exchanger of the 

refrigeration cycle, the indoor unit being disposed in an indoor space, 

the refrigerant being a flammable refrigerant with a density greater than a 

density of air under atmospheric pressure, 

the indoor unit including an air-sending fan, an air inlet through which air of 

10 the indoor space is sucked in, and an air outlet through which the air sucked in 

through the air inlet is blown out to the indoor space, 

the air-conditioning apparatus being configured to dilute leaked refrigerant by 

operation of the air-sending fan, 

when M [kg] represents an amount of charge of the refrigerant in the 

15 refrigeration cycle, LFL [kg/M ] represents a lower flammable limit of the refrigerant, 

A [M2] represents a floor area of the indoor space, and Ho [m] represents a height 

of the air outlet above a floor surface of the indoor space, the amount of charge M, 

the lower flammable limit LFL, the floor area A, and the height Ho satisfying a 

relationship of M < LFL x A x Ho.  

20 [Claim 2] 

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

configured to control the indoor unit, wherein the control unit is configured to 

activate the air-sending fan when leakage of the refrigerant is detected.  

[Claim 3] 

25 An air-conditioning apparatus comprising: 

a refrigeration cycle through which refrigerant is circulated; and 

an indoor unit accommodating at least an indoor heat exchanger of the 

refrigeration cycle, the indoor unit being disposed in an indoor space, 
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the refrigerant being a flammable refrigerant with a density greater than a 

density of air under atmospheric pressure, 

the indoor unit including an air-sending fan, an air inlet through which air of 

the indoor space is sucked in, an air outlet through which the air sucked in through 

5 the air inlet is blown out to the indoor space, and a vertical air deflector vane 

located at the air outlet, 

the air-conditioning apparatus being configured to dilute leaked refrigerant by 

operation of the air-sending fan and to blow out the air upward through the air outlet 

by the vertical air deflector vane, 

10 when M [kg] represents an amount of charge of the refrigerant in the 

refrigeration cycle, LFL [kg/m3] represents a lower flammable limit of the 

refrigerant, A [m2] represents a floor area of the indoor space, Ho [m] represents a 

height of the air outlet above a floor surface of the indoor space, and Hc [m] 

represents a height of a ceiling surface above the floor surface of the indoor space, 

15 the amount of charge M, the lower flammable limit LFL, the floor area A, the height 

Ho, and the height Hc satisfying a relationship of LFL x A x Ho M < LFL x A x Hc.  

[Claim 4] 

The air-conditioning apparatus of claim 3, further comprising a control unit 

configured to control the indoor unit, wherein the control unit is configured to 

20 activate the air-sending fan and set the vertical air deflector vane to an upward 

orientation when leakage of the refrigerant is detected.  

[Claim 5] 

The air-conditioning apparatus of claim 2 or 4, wherein 

the indoor unit includes a refrigerant detection unit, and 

25 the control unit is configured to activate the air-sending fan by a time when 

concentration of the refrigerant detected by the refrigerant detection unit reaches 

1/4 of the lower flammable limit.  

[Claim 6] 

The air-conditioning apparatus of any one of claims 1 to 5, wherein 
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the indoor unit includes a refrigerant detection unit, 

the indoor heat exchanger is connected to an extension pipe via a coupling, 

and 

the refrigerant detection unit is provided in a housing of the indoor unit and 

5 below the indoor heat exchanger and the coupling.  

[Claim 7] 

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

direction in which the air is blown out through the air outlet is a horizontal direction.  

[Claim 8] 

10 The air-conditioning apparatus of any one of claims 1 to 7, wherein the floor 

area is a floor area specified by specifications of the air-conditioning apparatus or 

the indoor unit.  

[Claim 9] 

A refrigerant amount setting method of an air-conditioning apparatus, 

15 the air-conditioning apparatus including 

a refrigeration cycle through which refrigerant is circulated, and 

an indoor unit accommodating at least an indoor heat exchanger of the 

refrigeration cycle, the indoor unit being disposed in an indoor space, 

the refrigerant being a flammable refrigerant with a density greater than a 

20 density of air under atmospheric pressure, 

the indoor unit including an air-sending fan, an air inlet through which air of 

the indoor space is sucked in, and an air outlet through which the air sucked in 

through the air inlet is blown out to the indoor space, 

the air-conditioning apparatus being configured to dilute leaked refrigerant by 

25 operation of the air-sending fan, 

the refrigerant amount setting method of the air-conditioning apparatus 

comprising setting an amount of the refrigerant of the air-conditioning apparatus, 

the setting including, 
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when M [kg] represents an amount of charge of the refrigerant in the 

refrigeration cycle, LFL [kg/m 3] represents a lower flammable limit of the refrigerant, 

A [M 2] represents a floor area of the indoor space, and Ho [m] represents a height 

of the air outlet above a floor surface of the indoor space, setting the amount of 

5 charge M so that the amount of charge M, the lower flammable limit LFL, the floor 

area A, and the height Ho satisfy a relationship of M s LFL x A x Ho.  

[Claim 10] 

A refrigerant amount setting method of an air-conditioning apparatus, 

the air-conditioning apparatus including 

10 a refrigeration cycle through which refrigerant is circulated, and 

an indoor unit accommodating at least an indoor heat exchanger of the 

refrigeration cycle, the indoor unit being disposed in an indoor space, 

the refrigerant being a flammable refrigerant with a density greater than a 

density of air under atmospheric pressure, 

15 the indoor unit including an air-sending fan, an air inlet through which air of 

the indoor space is sucked in, an air outlet through which the air sucked in through 

the air inlet is blown out to the indoor space, and a vertical air deflector vane 

located at the air outlet, 

the air-conditioning apparatus being configured to dilute leaked refrigerant by 

20 operation of the air-sending fan and to blow out the air upward through the air outlet 

by the vertical air deflector vane, 

the refrigerant amount setting method of the air-conditioning apparatus 

comprising setting an amount of the refrigerant of the air-conditioning apparatus, 

the setting including, 

25 when M [kg] represents an amount of charge of the refrigerant in the 

refrigeration cycle, LFL [kg/m3] represents a lower flammable limit of the 

refrigerant, A [m2] represents a floor area of the indoor space, Ho [m] represents a 

height of the air outlet above a floor surface of the indoor space, and Hc [m] 

represents a height of a ceiling surface above the floor surface of the indoor space, 
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setting the amount of charge M so that the amount of charge M, the lower 

flammable limit LFL, the floor area A, the height Ho, and the height Hc satisfy a 

relationship of LFL x A x Ho M < LFL x A x Hc.  

[Claim 11] 

5 The refrigerant amount setting method of the air-conditioning apparatus of 

claim 9 or 10, wherein the floor area is a floor area specified by specifications of the 

air-conditioning apparatus or the indoor unit.  
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