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DESCRIPTION 

 

REGENERATIVE AIR CONDITIONER 

 

TECHNICAL FIELD 5 

[0001] 

 The present invention relates to a thermal storage air conditioner. 

 

BACKGROUND ART 

[0002] 10 

 Air conditioners which cool and heat a room have been known. Patent document 1 

discloses a thermal storage air conditioner using a thermal storage medium. The thermal 

storage air conditioner has a refrigerant circuit to which a compressor, an outdoor heat 

exchanger, and an indoor heat exchanger are connected, and a thermal storage section which 

exchanges heat between a refrigerant in the refrigerant circuit and the thermal storage 15 

medium. 

[0003] 

 This air conditioner selectively performs: general cooling and heating operations in 

which a room is air conditioned without utilizing thermal storage energy; a cold thermal 

energy storage operation in which the thermal storage medium is cooled to store cold thermal 20 

energy; a cold-thermal-energy-utilization cooling operation in which the cold thermal energy 

stored in the thermal storage medium is utilized to cool the room; and a thermal-energy-

utilization heating operation in which warm thermal energy stored in the thermal storage 

medium is utilized to heat the room. During these operations, the compressor is actuated so 

that the refrigerant circulates in the refrigerant circuit, thereby performing a refrigeration 25 

cycle. 
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CITATION LIST 

PATENT DOCUMENT 

[0004] 

 Patent Document 1: Japanese Unexamined Patent Publication No. 2007-17089 5 

 

SUMMARY OF THE INVENTION 

TECHNICAL PROBLEM 

[0005] 

 In general, the air-conditioning capacity of an air conditioner is controlled by 10 

adjusting the rotational speed of a compressor. Thus, if the air-conditioning load (a cooling 

load or a heating load) in a room becomes smaller during operation of the air conditioner, the 

rotational speed of the compressor is reduced to decrease the air-conditioning capacity of the 

air conditioner according to the air-conditioning load in the room. If the air conditioner has 

an excessive air-conditioning capacity with respect to the air-conditioning load even after the 15 

rotational speed of the compressor is set to a minimum value, an on/off operation of the 

compressor, in which the halt and restart of the compressor are repeated, is performed to 

prevent the room temperature from becoming too low or too high. 

[0006] 

 In general, the efficiency of the compressor peaks at a certain rotational speed, and 20 

gradually decreases as the rotational speed is slowed down from the peak. Operation of the 

compressor at a relatively low rotational speed may therefore decline the operational 

efficiency of the air conditioner. Moreover, the on/off operation of the compressor at a low 

air-conditioning load may increase a range of variations of the room air temperature, and 

deteriorate the comfort of the room. 25 
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[0007] 

 In view of the foregoing background, it is therefore an object of the present 

invention to reduce the decline of efficiency of an air conditioner and deterioration of the 

comfort of a room at a low air-conditioning load. 

 5 

SOLUTION TO THE PROBLEM 

[0008] 

 A first aspect of the present disclosure is directed to a thermal storage air 

conditioner which includes: a refrigerant circuit (11) which has a compressor (22), an 

outdoor heat exchanger (23), and an indoor heat exchanger (72) and performs a refrigeration 10 

cycle; and a thermal storage section (60) which has a thermal storage medium and exchanges 

heat between the thermal storage medium and a refrigerant of the refrigerant circuit (11). The 

thermal storage air conditioner is capable of performing a simple cooling operation in which 

in the refrigerant circuit (11), the refrigerant is condensed in the outdoor heat exchanger (23) 

and evaporates in the indoor heat exchanger (72), and a cooling and cold thermal energy 15 

storage operation in which in the refrigerant circuit (11), the refrigerant is condensed in the 

outdoor heat exchanger (23) and evaporates in the indoor heat exchanger (72), and in which 

the thermal storage medium in the thermal storage section (60) is cooled by the refrigerant. 

The thermal storage air conditioner has an operation control section (100) which, if a 

rotational speed of the compressor (22) is slowed down to a predetermined lower reference 20 

value in the simple cooling operation, switches an operation of the thermal storage air 

conditioner from the simple cooling operation to the cooling and cold thermal energy storage 

operation to increase the rotational speed of the compressor (22). 

[0009] 

 In the first aspect, the operation is switched to the cooling and cold thermal energy 25 
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storage operation if the rotational speed of the compressor (22) is slowed down and the 

efficiency of the compressor declines in the simple cooling operation, in order to increase the 

rotational speed of the compressor (22) and improve the efficiency of the compressor. 

Further, in the simple cooling operation, even if the load is lowered to an extent that requires 

an on/off operation, part of the cold thermal energy obtained through the refrigeration cycle 5 

is stored in the thermal storage section (60). Thus, the temperature of the cold thermal energy 

utilized to cool the air in the indoor heat exchanger (72) may be dropped to a value 

corresponding to the cooling load in the room without performing the on/off operation. 

[0010] 

 A second aspect of the present disclosure is an embodiment of the first aspect. In 10 

the second aspect, the operation control section (100) switches the operation of the thermal 

storage air conditioner from the cooling and cold thermal energy storage operation to the 

simple cooling operation to reduce the rotational speed of the compressor (22) if the 

rotational speed of the compressor (22) increases to a predetermined upper reference value in 

the cooling and cold thermal energy storage operation. 15 

[0011] 

 The efficiency of the compressor declines also in a case where the rotational speed 

is too high. Therefore, in the second aspect, if the rotational speed of the compressor (22) 

reaches a predetermined upper reference value in the cooling and cold thermal energy 

storage operation, the operation is switched to the simple cooling operation to reduce the 20 

rotational speed of the compressor (22). As a result, the compressor may be actuated at a 

highly efficient rotational speed, thereby making it possible to keep the efficiency of the air 

conditioner high. 

[0012] 

 A third aspect of the present disclosure is an embodiment of the first or second 25 
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aspect. In the third aspect, when the operation control section (100) switches the operation of 

the thermal storage air conditioner from the simple cooling operation to the cooling and cold 

thermal energy storage operation, the rotational speed of the compressor (22) is increased by 

a value equal to a lowest rotational speed of the compressor (22). 

[0013] 5 

 In the third aspect, when the operation of the thermal storage air conditioner is 

switched from the simple cooling operation to the cooling and cold thermal energy storage 

operation, the rotational speed of the compressor is increased by a value equal to a lowest 

rotational speed of the compressor. 

[0014] 10 

 A fourth aspect of the present disclosure is directed to a thermal storage air 

conditioner which includes: a refrigerant circuit (11) which has a compressor (22), an 

outdoor heat exchanger (23), and an indoor heat exchanger (72) and performs a refrigeration 

cycle; and a thermal storage section (60) which has a thermal storage medium and exchanges 

heat between the thermal storage medium and a refrigerant of the refrigerant circuit (11). The 15 

thermal storage air conditioner is capable of performing a simple heating operation in which 

in the refrigerant circuit (11), the refrigerant is condensed in the indoor heat exchanger (72) 

and evaporates in the outdoor heat exchanger (23), and a heating and warm thermal energy 

storage operation in which in the refrigerant circuit (11), the refrigerant is condensed in the 

in the indoor heat exchanger (72) and evaporates in the outdoor heat exchanger (23), and in 20 

which the thermal storage medium in the thermal storage section (60) is heated by the 

refrigerant. The thermal storage air conditioner has an operation control section (100) which, 

if a rotational speed of the compressor (22) is slowed down to a predetermined lower 

reference value in the simple heating operation, switches an operation of the thermal storage 

air conditioner from the simple heating operation to the heating and warm thermal energy 25 



 6  

storage operation to increase the rotational speed of the compressor (22). 

[0015] 

 In the fourth aspect, the operation is switched to the heating and warm thermal 

energy storage operation if the rotational speed of the compressor (22) is slowed down and 

the efficiency of the compressor declines in the simple heating operation, in order to increase 5 

the rotational speed of the compressor (22) and improve the efficiency of the compressor. 

Further, in the simple heating operation, even if the load is lowered to an extent that requires 

an on/off operation, part of the warm thermal energy obtained through the refrigeration cycle 

is stored in the thermal storage section (60). Thus, the temperature of the warm thermal 

energy utilized to heat the air in the indoor heat exchanger (72) may be dropped to a value 10 

corresponding to the heating load in the room without performing the on/off operation of the 

compressor. 

[0016] 

 A fifth aspect of the present disclosure is an embodiment of the fourth aspect. In 

the fifth aspect, the operation control section (100) switches the operation of the thermal 15 

storage air conditioner from the heating and warm thermal energy storage operation to the 

simple heating operation to reduce the rotational speed of the compressor (22) if the 

rotational speed of the compressor (22) increases to a predetermined upper reference value in 

the heating and warm thermal energy storage operation. 

[0017] 20 

 The efficiency of the compressor declines also in a case where the rotational speed 

is too high. Therefore, in the fifth aspect, if the rotational speed of the compressor (22) 

reaches a predetermined upper reference value in the heating and warm thermal energy 

storage operation, the operation is switched to the simple heating operation to reduce the 

rotational speed of the compressor (22). As a result, the compressor may be actuated at a 25 
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highly efficient rotational speed, thereby making it possible to keep the efficiency of the air 

conditioner high. 

[0018] 

 A sixth aspect of the present disclosure is an embodiment of the fourth or fifth 

aspect. In the sixth aspect, when the operation control section (100) switches the operation of 5 

the thermal storage air conditioner from the simple heating operation to the heating and 

warm thermal energy storage operation, the rotational speed of the compressor (22) is 

increased by a value equal to a lowest rotational speed of the compressor (22). 

[0019] 

 In the sixth aspect, when the operation of the thermal storage air conditioner is 10 

switched from the simple heating operation to the heating and warm thermal energy storage 

operation, the rotational speed of the compressor is increased by a value equal to a lowest 

rotational speed of the compressor. 

 

ADVANTAGES OF THE INVENTION 15 

[0020] 

 According to the first aspect, if the rotational speed of the compressor (22) is 

slowed down, the operation is switched from the simple cooling operation to the cooling and 

cold thermal energy storage operation to increase the rotational speed of the compressor (22). 

As a result, it is possible to reduce the decline in the efficiency of the compressor (22), and 20 

further improve the efficiency of the thermal storage air conditioner as a whole. Further, 

since the on/off operations of the compressor (22) are not necessary, it is possible to reduce 

variations in the temperature of the indoor air and keep the comfort of the room, and reduce 

the power required to start up the compressor (22), as well as the power consumption. 

[0021] 25 
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 According to the second aspect, if the rotational speed of the compressor (22) 

increases, the operation is switched from the cooling and cold thermal energy storage 

operation to the simple cooling operation to slow down the rotational speed of the 

compressor (22). As a result, it is possible to reduce the decline in the efficiency of the 

compressor (22). 5 

[0022] 

 According to the fourth aspect, if the rotational speed of the compressor (22) is 

slowed down, the operation is switched from the simple heating operation to the heating and 

warm thermal energy storage operation to increase the rotational speed of the compressor 

(22). As a result, it is possible to reduce the decline in the efficiency of the compressor (22). 10 

Further, since the on/off operations of the compressor (22) are not necessary, it is possible to 

reduce variations in the temperature of the indoor air and keep the comfort of the room, and 

reduce the power required to start up the compressor (22), as well as the power consumption. 

[0023] 

 According to the fifth aspect, if the rotational speed of the compressor (22) 15 

increases, the operation is switched from the heating and warm thermal energy storage 

operation to the simple heating operation to slow down the rotational speed of the 

compressor (22). As a result, it is possible to reduce the decline in the efficiency of the 

compressor (22). 

 20 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 

 [FIG. 1] FIG. 1 is a piping diagram generally illustrating a configuration of a 

thermal storage air conditioner according to an embodiment of the present disclosure. 

 [FIG. 2] FIG. 2 is a view corresponding to FIG. 1 illustrating the behavior of a 25 
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simple cooling operation. 

 [FIG. 3] FIG. 3 is a view corresponding to FIG. 1 illustrating the behavior of a cold 

thermal energy storage operation. 

 [FIG. 4] FIG. 4 is a view corresponding to FIG. 1 illustrating the behavior of a 

utilization cooling operation. 5 

 [FIG. 5] FIG. 5 is a view corresponding to FIG. 1 illustrating the behavior of a 

cooling and cold thermal energy storage operation. 

 [FIG. 6] FIG. 6 is a view corresponding to FIG. 1 illustrating the behavior of a 

simple heating operation. 

 [FIG. 7] FIG. 7 is a view corresponding to FIG. 1 illustrating the behavior of a 10 

warm thermal energy storage operation. 

 [FIG. 8] FIG. 8 is a view corresponding to FIG. 1 illustrating a heating and warm 

thermal energy storage operation (1). 

 [FIG. 9] FIG. 9 is a view corresponding to FIG. 1 illustrating a heating and warm 

thermal energy storage operation (2). 15 

 [FIG. 10] FIG. 10 is a view corresponding to FIG. 1 illustrating a utilization 

heating operation (1). 

 [FIG. 11] FIG. 11 is a view corresponding to FIG. 1 illustrating a utilization 

heating operation (2). 

 [FIG. 12] FIG. 12 illustrates an example relationship between the rotational speed 20 

of a compressor and the efficiency of the compressor. 

 [FIG. 13] FIG. 13 is a graph for explaining first and second variants of the 

embodiment, and shows the power consumption, and the efficiency and operation time of the 

thermal storage air conditioner, with respect to the transition of the load factor relative to a 

rated capacity. 25 



 10  

 

DESCRIPTION OF EMBODIMENTS 

[0025] 

 Embodiments of the present invention will be described in detail below with 

reference to the drawings. The following embodiments are merely exemplary ones in nature, 5 

and are not intended to limit the scope, applications, or use of the invention. 

[0026] 

  A thermal storage air conditioner (10) according to an embodiment of the present 

invention selectively performs cooling and heating of a room. The thermal storage air 

conditioner (10) stores cold thermal energy of a refrigerant in a thermal storage medium, and 10 

utilizes this cold thermal energy for cooling. The thermal storage air conditioner (10) stores 

warm thermal energy of the refrigerant in the thermal storage medium, and utilizes this warm 

thermal energy for heating. 

[0027] 

 <General Configuration> 15 

 As illustrated in FIG. 1, the thermal storage air conditioner (10) is comprised of an 

outdoor unit (20), a thermal storage unit (40), and a plurality of indoor units (70). The outdoor 

unit (20) and the thermal storage unit (40) are installed outside of a room. The plurality of 

indoor units (70) are installed in the room. For the sake of convenience, only one indoor unit 

(70) is illustrated in FIG. 1. 20 

[0028] 

 The outdoor unit (20) includes an outdoor circuit (21). The thermal storage unit (40) 

includes an intermediate circuit (41). The indoor unit (70) includes an indoor circuit (71). In 

the thermal storage air conditioner (10), the outdoor circuit (21) and the intermediate circuit 

(41) are connected to each other via three communication pipes (12, 13, 14), and the 25 
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intermediate circuit (41) and the plurality of indoor circuits (71) are connected to each other 

via two communication pipes (15, 16). Thus, the thermal storage air conditioner (10) forms a 

refrigerant circuit (11) in which a refrigerant filling the thermal storage air conditioner (10) 

circulates to perform a refrigeration cycle. The thermal storage air conditioner (10) has a 

controller (100) (an operation control section) which controls various devices which will be 5 

described later. 

[0029] 

 <Outdoor Unit> 

 The outdoor unit (20) includes an outdoor circuit (21) which forms part of the 

refrigerant circuit (11). A compressor (22), an outdoor heat exchanger (23), an outdoor 10 

expansion valve (24), and a four-way switching valve (25) are connected to the outdoor 

circuit (21). A first subcooling circuit (30) and an intermediate suction pipe (35) are 

connected to the outdoor circuit (21). 

[0030] 

 [Compressor] 15 

 The compressor (22) of the present embodiment is a single-stage compressor, and 

forms a compression section which compresses the refrigerant and discharges the compressed 

refrigerant. The compressor (22) has a casing (22a), in which a motor and a compression 

mechanism (not shown) are housed. The compression mechanism of the present embodiment 

is configured as a scroll compression mechanism. However, the compression mechanism may 20 

be any one of various types such as oscillating piston, rolling piston, screw, and turbo 

compressors. The compression mechanism includes a compression chamber between a spiral-

shaped fixed scroll and a movable scroll. The refrigerant is compressed as the capacity of the 

compression chamber gradually decreases. The motor of the compressor (22) has a variable 

operating frequency which is varied by an inverter section. That is, the compressor (22) is an 25 
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inverter compressor, the rotational frequency (i.e., the capacity) of which is variable. 

[0031] 

 [Outdoor Heat Exchanger] 

 The outdoor heat exchanger (23) is configured as a cross-fin-and-tube heat 

exchanger, for example. An outdoor fan (26) is provided adjacent to the outdoor heat 5 

exchanger (23). The outdoor heat exchanger (23) exchanges heat between the air transferred 

by the outdoor fan (26) and the refrigerant flowing through the outdoor heat exchanger (23). 

An outside-air temperature sensor (S1), which detects a temperature of outdoor air, is 

provided adjacent to the outdoor heat exchanger (23). For the sake of convenience, the 

outside-air temperature sensor (S1) is shown in only FIG. 1 and omitted in the other drawings. 10 

[0032] 

 [Outdoor Expansion Valve] 

 The outdoor expansion valve (24) is arranged between a liquid-side end of the 

outdoor heat exchanger (23) and a connection end of the communication pipe (12). The 

outdoor expansion valve (24) is configured, for example, as an electronic expansion valve, 15 

and adjusts the flow rate of the refrigerant by changing the degree of opening of the valve. 

[0033] 

 [Four-Way Switching Valve] 

 The four-way switching valve (25) has first to fourth ports. The first port of the 

four-way switching valve (25) is connected to the discharge pipe (27) of the compressor (22). 20 

The second port of the four-way switching valve (25) is connected to a suction pipe (28) (a 

low-pressure suction portion) of the compressor (22). The third port of the four-way switching 

valve (25) is connected to a gas-side end of the outdoor heat exchanger (22). The fourth port 

of the four-way switching valve (25) is connected to a connection end of the communication 

pipe (14). 25 
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[0034] 

 The four-way switching valve (25) is configured to switch between a state in which 

the first port and the third port communicate with each other and the second port and the 

fourth port communicate with each other (i.e., a first state indicated by solid lines in FIG. 1) 

and a state in which the first port and the fourth port communicate with each other and the 5 

second port and the third port communicate with each other (i.e., a second state indicated by 

broken lines in FIG. 1). 

[0035] 

 [First Subcooling Circuit] 

 The first subcooling circuit (30) includes a first introduction pipe (31) and a first 10 

subcooling heat exchanger (32). One end of the introduction pipe (31) is connected between 

the outdoor expansion valve (24) and the connection end of the communication pipe (12). The 

other end of the first introduction pipe (31) is connected to the suction pipe (28) of the 

compressor (22). In other words, the first introduction pipe (31) forms a low-pressure 

introduction pipe connecting a liquid line (L1) and the suction pipe (28) on the low-pressure 15 

side of the compressor (22). Here, the liquid line (L1) is a channel extending between the 

liquid-side end of the outdoor heat exchanger (23) and a liquid-side end of the indoor heat 

exchanger (72). A first decompression valve (EV1) and a first heat transfer channel (33) are 

connected to the first introduction pipe (31) sequentially from one end to the other end of the 

first introduction pipe (31). The first decompression valve (EV1) is configured, for example, 20 

as an electronic expansion valve, and adjusts the degree of subcooling of the refrigerant at the 

exit of the second heat transfer channel (34) by changing the degree of opening of the valve. 

The first subcooling heat exchanger (32) forms a first heat exchanger which exchanges heat 

between the refrigerant flowing through the second heat transfer channel (34) and the 

refrigerant flowing through the first heat transfer channel (33). The second heat transfer 25 



 14  

channel (34) is provided between the outdoor expansion valve (24) and the connection end of 

the communication pipe (12), of the liquid line (L1) of the refrigerant circuit (11). 

[0036] 

 [Intermediate Suction Pipe] 

 The intermediate suction pipe (35) forms an intermediate suction portion which 5 

introduces a refrigerant with an intermediate pressure to the compression chamber of the 

compressor (22) in the middle of compression. The starting end of the intermediate suction 

pipe (35) is connected to the connection end of the communication pipe (13), and the terminal 

end of the intermediate suction pipe (35) is connected to the compression chamber of the 

compression mechanism of the compressor (22). The intermediate suction pipe (35) includes 10 

an inner pipe portion (36) located inside the casing (22a) of the compressor (22). The internal 

pressure of the intermediate suction pipe (35) basically corresponds to an intermediate 

pressure between the high and low pressures of the refrigerant circuit (11). A first solenoid 

valve (SV1) and a check valve (CV1) are connected to the intermediate suction pipe (35) 

sequentially from the upstream to downstream side. The first solenoid valve (SV1) is an 15 

open/close valve for opening and closing the channel. The check valve (CV1) allows the 

refrigerant to flow in a direction (the arrow direction in FIG. 1) from a primary thermal 

storage channel (44) (which will be described in detail later) toward the compressor (22), and 

prohibits the refrigerant from flowing in a direction from the compressor (22) toward the 

primary thermal storage channel (44). 20 

[0037] 

 <Thermal Storage Unit> 

 The thermal storage unit (40) forms a junction unit which intervenes between the 

outdoor unit (20) and the indoor unit (70). The thermal storage unit (40) includes an 

intermediate circuit (41) which forms part of the refrigerant circuit (11). A primary liquid pipe 25 
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(42), a primary gas pipe (43), and the primary thermal storage channel (44) are connected to 

the intermediate circuit (41). A second subcooling circuit (50) is connected to the intermediate 

circuit (41). The thermal storage unit (40) includes a thermal storage device (60). 

[0038] 

 [Primary Liquid Pipe] 5 

 The primary liquid pipe (42) forms part of the liquid line (L1). The primary liquid 

pipe (42) connects a connection end of the communication pipe (12) and a connection end of 

the communication pipe (15). A second solenoid valve (SV2) is connected to the primary 

liquid pipe (42). The second solenoid valve (SV2) is an open/close valve for opening and 

closing the channel. 10 

[0039] 

 [Primary Gas Pipe] 

 The primary gas pipe (43) forms part of a gas line (L2). Here, the gas line (L2) is a 

channel extending between the fourth port of the four-way switching valve (25) and a gas-side 

end of the indoor heat exchanger (72). The primary gas pipe (43) connects a connection end 15 

of the communication pipe (14) and a connection end of the communication pipe (16). 

[0040] 

 [Primary Thermal Storage Channel] 

 The primary thermal storage channel (44) is connected between the primary liquid 

pipe (42) and the primary gas pipe (43). One end of the primary thermal storage channel (44) 20 

is connected between the connection end of the communication pipe (12) and the second 

solenoid valve (SV2). A third solenoid valve (SV3), a preheating refrigerant channel (64b), a 

thermal storage expansion valve (45), a thermal storage refrigerant channel (63b), and a fourth 

solenoid valve (SV4) are connected to the primary thermal storage channel (44) sequentially 

in a direction from the primary liquid pipe (42) to the primary gas pipe (43). The third 25 
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solenoid valve (SV3) and the fourth solenoid valve (SV4) are open/close valves for opening 

and closing the channels. The thermal storage expansion valve (45) is configured, for 

example, as an electronic expansion valve, and adjusts the pressure of the refrigerant by 

changing the degree of opening of the valve. 

[0041] 5 

 A first bypass pipe (44a) which bypasses the thermal storage expansion valve (45) 

is connected to the primary thermal storage channel (44). A fifth solenoid valve (SV5) is 

connected to the first bypass pipe (44a) in parallel with the thermal storage expansion valve 

(45). The fifth solenoid valve (SV5) is an open/close valve for opening and closing the 

channel. A pressure release valve (RV) is connected to the primary thermal storage channel 10 

(44) in parallel with the thermal storage expansion valve (45). 

[0042] 

 [Second Subcooling Circuit] 

 The second subcooling circuit (50) includes a second introduction pipe (51) and a 

second subcooling heat exchanger (52). One end of the second introduction pipe (51) is 15 

connected between the second solenoid valve (SV2) and a connection end of the 

communication pipe (15). The other end of the second introduction pipe (51) is connected to 

the primary gas pipe (43). The second introduction pipe (51) is connected to the primary gas 

pipe (43) between the junction of the primary thermal storage channel (44) with the primary 

gas pipe (43) and the connection end of the communication pipe (16). A second 20 

decompression valve (EV2) and a third heat transfer channel (53) are connected to the second 

introduction pipe (51) sequentially from one end to the other end of the second introduction 

pipe (51). The second decompression valve (EV2) is configured, for example, as an electronic 

expansion valve, and adjusts a degree of subcooling of the refrigerant at the exit of the fourth 

heat transfer channel (54) by changing the degree of opening of the valve. The second 25 
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subcooling heat exchanger (52) exchanges heat between the refrigerant flowing through the 

fourth heat transfer channel (54) and the refrigerant flowing through the third heat transfer 

channel (53). The fourth heat transfer channel (54) is provided at a portion between the 

second solenoid valve (SV2) and the connection end of the communication pipe (15), of the 

primary liquid pipe (42). The second subcooling circuit (50) forms a subcooler which 5 

prevents the refrigerant flowing through the communication pipe (15) from vaporizing and 

being flushed in a utilization and cooling operation and a utilization and cold thermal energy 

storage operation, which will be described in detail later. 

[0043] 

 [Other Pipes] 10 

 An intermediate junction pipe (46), a first branch pipe (47), a second branch pipe 

(48), and a third branch pipe (49) are connected to the intermediate circuit (41). One end of 

the intermediate junction pipe (46) is connected at a portion of the primary thermal storage 

channel (44) between the third solenoid valve (SV3) and the preheating refrigerant channel 

(64b). The other end of the intermediate junction pipe (46) is connected to the intermediate 15 

suction pipe (35) via the communication pipe (13). One end of the first branch pipe (47) is 

connected to a portion of the primary thermal storage channel (44) between the thermal 

storage refrigerant channel (63b) and the fourth solenoid valve (SV4). 

[0044] 

 The other end of the first branch pipe (47) is connected to the primary gas pipe (43) 20 

between the junction of the primary thermal storage channel (44) with the primary gas pipe 

(43) and junction of the second introduction pipe (51) with the primary gas pipe (43). The 

third decompression valve (EV3) is connected to the first branch pipe (47). The third 

decompression valve (EV3) is configured, for example, as an electronic expansion valve, and 

adjusts the pressure of the refrigerant by changing the degree of opening of the valve. The 25 
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degree of opening of the third decompression valve (EV3) is adjusted to prevent the pressure 

of the thermal storage heat exchanger (63) from becoming excessively low due to a difference 

between an evaporating pressure in the indoor heat exchanger (72) and a pressure in the 

primary gas pipe (43) caused by a pressure loss of the communication pipe (16) and/or a head 

difference depending on installation conditions of the indoor unit (70) and the outdoor unit 5 

(20), in an operation in which the indoor heat exchanger (72) serves as an evaporator. 

[0045] 

 The second branch pipe (48) and the third branch pipe (49) are connected to the 

primary liquid pipe (42) and the primary thermal storage channel (44) in parallel with each 

other. One end of the second branch pipe (48) and one end of the third branch pipe (49) are 10 

connected to portions of the primary thermal storage channel (44) between the thermal storage 

refrigerant channel (63b) and the fourth solenoid valve (SV4). The other end of the second 

branch pipe (48) and the other end of the third branch pipe (49) are connected to portions of 

the primary liquid pipe (42) between the second solenoid valve (SV2) and the junction of the 

second introduction pipe (51) with the primary liquid pipe (42). The fourth decompression 15 

valve (EV4) is connected to the second branch pipe (48). The fourth decompression valve 

(EV4) is configured, for example, as an electronic expansion valve, and adjusts the pressure 

of the refrigerant by changing the degree of opening of the valve. A sixth solenoid valve 

(SV6) is connected to the third branch pipe (49). The sixth solenoid valve (SV6) is an 

open/close valve for opening and closing the channel. 20 

[0046] 

 [Thermal Storage Device] 

 The thermal storage device (60) forms a thermal storage section in which heat is 

exchanged between the refrigerant of the refrigerant circuit (11) and the thermal storage 

medium. The thermal storage device (60) has a thermal storage circuit (61) and a thermal 25 
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storage tank (62) connected to the thermal storage circuit (61). The thermal storage device 

(60) has the thermal storage heat exchanger (63) and the preheating heat exchanger (64). 

[0047] 

 The thermal storage circuit (61) is a closed circuit in which the thermal storage 

medium filling the thermal storage circuit (61) circulates. The thermal storage tank (62) is a 5 

hollow cylindrical vessel. The thermal storage tank (62) may be an open vessel. The thermal 

storage medium is accumulated in the thermal storage tank (62). An outflow pipe (65) (an 

outflow portion) is connected to an upper portion of the thermal storage tank (62) to allow the 

thermal storage medium in the thermal storage tank (62) to flow out of the tank. An inflow 

pipe (66) (an inflow portion) is connected to a lower portion of the thermal storage tank (62) 10 

to allow the thermal storage medium present outside the thermal storage tank (62) to flow into 

the thermal storage tank (62). In other words, in the thermal storage tank (62), the junction of 

the outflow pipe (65) is located higher than the junction of the inflow pipe (66). A preheating-

side thermal storage channel (64a), a pump (67), and a thermal storage-side thermal storage 

channel (63a) are connected to the thermal storage circuit (61) sequentially from the outflow 15 

pipe (65) toward the inflow pipe (66). 

[0048] 

 The preheating heat exchanger (64) is configured to exchange heat between the 

thermal storage medium flowing through the preheating-side thermal storage channel (64a) 

and the refrigerant flowing through the preheating refrigerant channel (64b). The thermal 20 

storage heat exchanger (63) is configured to exchange heat between the thermal storage 

medium flowing through the thermal storage-side thermal storage channel (63a) and the 

refrigerant flowing through the thermal storage refrigerant channel (63b). The pump (67) is 

configured to circulate the thermal storage medium in the thermal storage circuit (61). 

[0049] 25 
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 The thermal storage circuit (61) is provided with a thermal storage medium 

temperature sensor (S2) (a thermal storage medium temperature detector) at a channel 

between the thermal storage heat exchanger (63) and the thermal storage tank (62). 

Specifically, the thermal storage medium temperature sensor (S2) is located at a position 

where the temperature of the thermal storage medium in the inflow pipe (66) is detected. The 5 

thermal storage medium temperature sensor (S2) also serves as an accumulation detector 

which detects a start of accumulation of crystals of clathrate hydrates in the thermal storage 

circuit (61). The position of the thermal storage medium temperature sensor (S2) is a non-

limiting example, and the sensor (S2) may also be located at a different position of the 

thermal storage circuit (61). For the sake of convenience, the thermal storage medium 10 

temperature sensor (S2) is shown in only FIG. 1 and omitted in the other drawings. 

[0050] 

 [Thermal Storage Medium] 

 Now, the thermal storage medium filling the thermal storage circuit (61) will be 

described in detail. A thermal storage material in which clathrate hydrates are generated when 15 

cooled, that is, a thermal storage material having flowability, is adopted as the thermal storage 

medium. Examples of the thermal storage medium include a tetra-n-butyl ammonium bromide 

(TBAB) aqueous solution containing tetra-n-butyl ammonium bromide, a trimethylolethane 

(TME) aqueous solution, and paraffin-based slurry. For example, the state as an aqueous 

solution of a tetra-n-butyl ammonium bromide aqueous solution is maintained even if it is 20 

cooled in a stable manner and turns into a subcooled state in which the temperature of the 

aqueous solution is lower than a temperature at which hydrates are generated. However, once 

some trigger is given in this subcooled state, the subcooled solution transitions to a solution 

containing clathrate hydrates (i.e., transitions to slurry). That is, the subcooled state of the 

tetra-n-butyl ammonium bromide aqueous solution is changed to the state of slurry with 25 
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relatively high viscosity due to the generation of clathrate hydrates (hydrate crystals) made of 

tetra-n-butyl ammonium bromide and water molecules. The subcooled state as used herein 

refers to a state in which clathrate hydrates are not generated and the state of the solution is 

maintained even when the thermal storage medium reaches a temperature lower than or equal 

to the temperature at which hydrates are generated. On the other hand, the tetra-n-butyl 5 

ammonium bromide aqueous solution in the state of slurry is changed to the state of liquid 

(i.e., a solution) with relatively high flowability due to melting of the clathrate hydrates, if the 

temperature of the aqueous solution becomes higher, by heating, than the temperature at 

which the hydrates are generated. 

[0051] 10 

 In the present embodiment, a tetra-n-butyl ammonium bromide aqueous solution 

containing tetra-n-butyl ammonium bromide is adopted as the thermal storage medium. In 

particular, it is recommended that the thermal storage medium has a concentration close to a 

harmonic concentration. In the present embodiment, the harmonic concentration is set to 

about 40%. In this case, the temperature at which hydrates are generated in the tetra-n-butyl 15 

ammonium bromide aqueous solution is about 12°C. 

[0052] 

 <Indoor Unit> 

 Each of the plurality of indoor units (70) includes the indoor circuit (71) which 

forms part of the refrigerant circuit (11). The plurality of indoor circuits (71) are connected in 20 

parallel with each other between the communication pipe (15) (a liquid pipe) and the 

communication pipe (16) (a gas pipe). The plurality of indoor circuits (71) and the above-

described primary thermal storage channel (44) are connected in parallel with one another 

between the liquid line (L1) and the gas line (L2). The indoor heat exchanger (72) and the 

indoor expansion valve (73) are connected to each indoor circuit (71) sequentially from the 25 
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gas-side end toward the liquid-side end. 

[0053] 

 [Indoor Heat Exchanger] 

 The indoor heat exchanger (72) is configured, for example, as a cross-fin-and-tube 

heat exchanger. An indoor fan (74) is provided adjacent to the indoor heat exchanger (72). 5 

The indoor heat exchanger (72) exchanges heat between the air transferred by the indoor fan 

(74) and the refrigerant flowing through the outdoor heat exchanger (23). 

[0054] 

 The indoor circuit (71) is provided with a refrigerant temperature sensor (S3) at the 

liquid-side end of the indoor heat exchanger (72). The refrigerant temperature sensor (S3) is 10 

used to determine whether conditions indicating that the refrigerant that has been condensed 

by the indoor heat exchanger (72) has a high temperature, or conditions indicating that said 

refrigerant has a low temperature, are established or not, in a simple heating operation, which 

will be described in detail later. As a sensor used for this determination, an air temperature 

detection sensor which detects a temperature of flowing-out air after being heat-exchanged 15 

with the refrigerant in the indoor heat exchanger (72) may also be used. For the sake of 

convenience, the refrigerant temperature sensor (S3) is shown in only FIG. 1 and omitted in 

the other drawings. 

[0055] 

 [Indoor Expansion Valve] 20 

 The indoor expansion valve (73) is arranged between a liquid-side end of the indoor 

heat exchanger (72) and the connection end of the communication pipe (15). The indoor 

expansion valve (73) is configured, for example, as an electronic expansion valve, and adjusts 

the flow rate of the refrigerant by changing the degree of opening of the valve. 

[0056] 25 
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 <Controller> 

 The controller (100) serves as an operation control section which controls various 

devices. Specifically, the controller (100) switches between ON and OFF states of the 

compressor (22), switches between the states of the four-way switching valve (25), switches 

between opening and closing of each of the solenoid valves (SV1–SV6), adjusts the degree of 5 

opening of each of the expansion valves (24, 45, 73) and the decompression valves (EV1–

EV4), switches between ON and OFF states of the fans (26, 74), switches between ON and 

OFF states of the pump (67), etc. The thermal storage air conditioner (10) is further provided 

with various types of sensors not shown. The controller (100) controls the various devices, 

based on values detected by these sensors. 10 

[0057] 

 <Operation of Thermal Storage Air Conditioner> 

 Operations of the thermal storage air conditioner (10) according to the present 

embodiment will be described. The thermal storage air conditioner (10) selectively performs a 

simple cooling operation, a cold thermal energy storage operation, a utilization cooling 15 

operation, a cooling and cold thermal energy storage operation, a simple heating operation, a 

warm thermal energy storage operation, a heating and warm thermal energy storage operation, 

and a utilization heating operation. The controller (100) controls various devices to switch 

between these operations. 

[0058] 20 

 [Simple Cooling Operation] 

 In the simple cooling operation, the thermal storage device (60) is stopped, and the 

indoor unit (70) cools a room. In the simple cooling operation illustrated in FIG. 2, the four-

way switching valve (25) is in the first state, and the second solenoid valve (SV2), the fourth 

solenoid valve (SV4), and the fifth solenoid valve (SV5) among the first to sixth solenoid 25 
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valves (SV1–SV6) are open. The rest of the solenoid valves are closed. The second 

decompression valve (EV2) and the fourth decompression valve (EV4) are fully closed. The 

outdoor expansion valve (24) is fully open. The degrees of opening of the first decompression 

valve (EV1) and the indoor expansion valve (73) are appropriately adjusted. The compressor 

(22), the outdoor fan (26), and the indoor fan (74) are actuated. The thermal storage device 5 

(60) is not actuated since the pump (67) is stopped. In the simple cooling operation, the 

refrigerant circuit (11) performs a refrigeration cycle in which the outdoor heat exchanger 

(23) serves as a condenser, the first subcooling heat exchanger (32) as a subcooler, and the 

indoor heat exchanger (72) as an evaporator. In the simple cooling operation, the low-pressure 

gas line (L2) and the primary thermal storage channel (44) communicate with each other. 10 

Liquid accumulation in the primary thermal storage channel (44) may thus be prevented. 

[0059] 

 The refrigerant discharged from the compressor (22) is condensed by the outdoor 

heat exchanger (23). A large part of the condensed refrigerant flows through the second heat 

transfer channel (34), and the rest of the condensed refrigerant is decompressed by the first 15 

decompression valve (EV1) and then flows through the first heat transfer channel (33). In the 

first subcooling heat exchanger (32), the refrigerant in the second heat transfer channel (34) is 

cooled by the refrigerant in the first heat transfer channel (33). The refrigerant which has 

flowed into the liquid line (L1) is decompressed by the indoor expansion valve (73), and then 

evaporates in the indoor heat exchanger (72). The refrigerant flowing through the gas line 20 

(L2) merges with the refrigerant which has flowed into the first introduction pipe (31), and is 

taken into the compressor (22). 

[0060] 

 [Cold Thermal Energy Storage Operation] 

 In the cold thermal energy storage operation, the thermal storage device (60) is 25 
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actuated to store cold thermal energy in the thermal storage medium in the thermal storage 

tank (62). In the cold thermal energy storage operation illustrated in FIG. 3, the four-way 

switching valve (25) is in the first state, and the second solenoid valve (SV2), the third 

solenoid valve (SV3), and the fourth solenoid valve (SV4) among the first to sixth solenoid 

valves (SV1–SV6) are open. The rest of the solenoid valves are closed. The first to fourth 5 

decompression valves (EV1–EV4) are fully closed. The outdoor expansion valve (24) is fully 

open. The degree of opening of the thermal storage expansion valve (45) is appropriately 

adjusted. The compressor (22) and the outdoor fan (26) are actuated, and the indoor fan (74) 

is stopped. The thermal storage device (60) is actuated since the pump (67) is in operation. In 

the cold thermal energy storage operation, the refrigerant circuit (11) performs a refrigeration 10 

cycle in which the outdoor heat exchanger (23) serves as a condenser, the preheating heat 

exchanger (64) as a radiator (a refrigerant cooler), and the thermal storage heat exchanger (63) 

as an evaporator. In the cold thermal energy storage operation, a surplus refrigerant may be 

held in the channel extending from the high-pressure liquid line (L1) to the indoor unit (70). 

[0061] 15 

 The refrigerant discharged from the compressor (22) is condensed by the outdoor 

heat exchanger (23). The condensed refrigerant flows through the preheating refrigerant 

channel (64b) of the primary thermal storage channel (44). In the preheating heat exchanger 

(64), the thermal storage medium is heated by the refrigerant. Cores (fine crystals) of the 

clathrate hydrates which have flowed out of the thermal storage tank (62) are thus melted. The 20 

refrigerant cooled in the preheating refrigerant channel (64b) is decompressed by the 

preheating heat exchanger (64), and then flows through the thermal storage refrigerant 

channel (63b). In the thermal storage heat exchanger (63), the thermal storage medium is 

cooled by the refrigerant and evaporates. The refrigerant which has flowed into the gas line 

(L2) from the primary thermal storage channel (44) is taken into the compressor (22). The 25 
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thermal storage medium cooled by the thermal storage heat exchanger (63) is accumulated in 

the thermal storage tank (62). 

[0062] 

 [Utilization Cooling Operation] 

 In the utilization cooling operation, the thermal storage device (60) is actuated, and 5 

the cold thermal energy of the thermal storage medium stored in the thermal storage tank (62) 

is utilized to cool the room. In the utilization cooling operation illustrated in FIG. 4, the four-

way switching valve (25) is in the first state, and the third solenoid valve (SV3), the fifth 

solenoid valve (SV5), and the sixth solenoid valve (SV6) among the first to sixth solenoid 

valves (SV1–SV6) are open. The rest of the solenoid valves are closed. The first 10 

decompression valve (EV1) and the fourth decompression valve (EV4) are fully closed. The 

outdoor expansion valve (24) is fully open. The degrees of opening of the second 

decompression valve (EV2) and the indoor expansion valve (73) are appropriately adjusted. 

The compressor (22), the outdoor fan (26), and the indoor fan (74) are actuated. The thermal 

storage device (60) is actuated since the pump (67) is in operation. In the utilization cooling 15 

operation, the refrigerant circuit (11) performs a refrigeration cycle in which the outdoor heat 

exchanger (23) serves as a condenser, the preheating heat exchanger (64), the thermal storage 

heat exchanger (63), and the second subcooling heat exchanger (52) as radiators (refrigerant 

coolers), and the indoor heat exchanger (72) as an evaporator. 

[0063] 20 

 The refrigerant discharged from the compressor (22) is condensed by the outdoor 

heat exchanger (23). The condensed refrigerant is cooled by the preheating heat exchanger 

(64) of the primary thermal storage channel (44), passes through the first bypass pipe (44a), 

and further cooled by the thermal storage heat exchanger (63). A large part of the refrigerant 

which has flowed through the primary thermal storage channel (44) and the third branch pipe 25 
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(49) into the liquid line (L1) flows through the fourth heat transfer channel (54). The rest of 

the refrigerant is decompressed by the second decompression valve (EV2) and then flows 

through the third heat transfer channel (53). In the second subcooling heat exchanger (52), the 

refrigerant flowing through the fourth heat transfer channel (54) is cooled by the refrigerant in 

the third heat transfer channel (53). The refrigerant cooled by the second subcooling heat 5 

exchanger (52) is decompressed by the indoor expansion valve (73), and then evaporates in 

the indoor heat exchanger (72). The refrigerant flowing through the gas line (L2) merges with 

the refrigerant which has flowed out of the second introduction pipe (51), and is taken into the 

compressor (22). 

[0064] 10 

 [Cooling and Cold Thermal Energy Storage Operation] 

 In the cooling and cold thermal energy storage operation, the thermal storage device 

(60) is actuated to store cold thermal energy in the thermal storage medium, and the room is 

cooled by the indoor unit (70). In the cooling and cold thermal energy storage operation 

illustrated in FIG. 5, the four-way switching valve (25) is in the first state, and the second 15 

solenoid valve (SV2), the third solenoid valve (SV3), and the fourth solenoid valve (SV4) 

among the first to sixth solenoid valves (SV1–SV6) are open. The rest of the solenoid valves 

are closed. The first decompression valve (EV1), the third decompression valve (EV3) and the 

fourth decompression valve (EV4) are fully closed. The outdoor expansion valve (24) is fully 

open. The degrees of opening of the second decompression valve (EV2), the thermal storage 20 

expansion valve (45), and the indoor expansion valve (73) are appropriately adjusted. The 

compressor (22), the outdoor fan (26), and the indoor fan (74) are actuated. The thermal 

storage device (60) is actuated since the pump (67) is in operation. In the refrigerant circuit 

(11) in the cooling and cold thermal energy storage operation, the outdoor heat exchanger (23) 

serves as a condenser, the preheating heat exchanger (64) and the second subcooling heat 25 



 28  

exchanger (52) as radiators (refrigerant coolers), and the thermal storage heat exchanger (63) 

and the indoor heat exchanger (72) as evaporators. 

[0065] 

 The refrigerant discharged from the compressor (22) is condensed by the outdoor 

heat exchanger (23). The condensed refrigerant flows through the second heat transfer 5 

channel (34) and is diverged into the primary thermal storage channel (44) and the primary 

liquid pipe (42). The refrigerant in the primary thermal storage channel (44) is cooled by the 

thermal storage medium in the preheating heat exchanger (64), and is decompressed by the 

thermal storage expansion valve (45). A large part of the refrigerant in the primary liquid pipe 

(42) flows through the fourth heat transfer channel (54), and the rest of the refrigerant is 10 

decompressed by the second decompression valve (EV2) and then flows through the third 

heat transfer channel (53). In the second subcooling heat exchanger (52), the refrigerant 

flowing through fourth heat transfer channel (54) is cooled by the refrigerant in the third heat 

transfer channel (53). The refrigerant cooled by the second subcooling heat exchanger (52) is 

decompressed by the indoor expansion valve (73), and then evaporates in the indoor heat 15 

exchanger (72). The refrigerant flowing through the gas line (L2) merges with the refrigerant 

which has flowed out of the second introduction pipe (51), and is taken into the compressor 

(22). 

[0066] 

 [Simple Heating Operation] 20 

 In the simple heating operation, the thermal storage device (60) is stopped, and the 

indoor unit (70) heats a room. In the simple heating operation illustrated in FIG. 6, the four-

way switching valve (25) is in the second state, and the second solenoid valve (SV2) among 

the first to sixth solenoid valves (SV1–SV6) is open. The rest of the solenoid valves are 

closed. The first to fourth decompression valves (EV1–EV4) and the thermal storage 25 
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expansion valve (45) are fully closed. The degrees of opening of the indoor expansion valve 

(73) and the outdoor expansion valve (24) are appropriately adjusted. The compressor (22), 

the outdoor fan (26), and the indoor fan (74) are actuated. The thermal storage device (60) is 

not actuated since the pump (67) is stopped. In the simple heating operation, the refrigerant 

circuit (11) performs a refrigeration cycle in which the indoor heat exchanger (72) serves as a 5 

condenser, and the outdoor heat exchanger (23) as an evaporator. The indoor expansion valve 

(73) controls the degree of subcooling of the refrigerant at the exit of the indoor heat 

exchanger (72). 

[0067] 

 The refrigerant discharged from the compressor (22) flows through the gas line (L2) 10 

and is condensed by the indoor heat exchanger (72). The refrigerant which has flowed into the 

liquid line (L1) is decompressed by the outdoor expansion valve (24), and then evaporates in 

the outdoor heat exchanger (23) and is taken into the compressor (22). 

[0068] 

 [Warm Thermal Energy Storage Operation] 15 

 In a warm thermal energy storage operation, the thermal storage medium in which 

warm thermal energy is stored is accumulated in the thermal storage tank (62). In the warm 

thermal energy storage operation illustrated in FIG. 7, the four-way switching valve (25) is in 

the second state, and the third solenoid valve (SV3), the fourth solenoid valve (SV4), and the 

fifth solenoid valve (SV5) among the first to sixth solenoid valves (SV1–SV6) are open. The 20 

rest of the solenoid valves are closed. The first to fourth decompression valves (EV1–EV4) 

and the indoor expansion valve (73) are fully closed. The degree of opening of the outdoor 

expansion valve (24) is appropriately adjusted. The compressor (22) and the outdoor fan (26) 

are actuated, and the indoor fan (74) is stopped. The thermal storage device (60) is actuated 

since the pump (67) is in operation. In the warm thermal energy storage operation, the 25 
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refrigerant circuit (11) performs a refrigeration cycle in which the thermal storage heat 

exchanger (63) and the preheating heat exchanger (64) serve as condensers, and the outdoor 

heat exchanger (23) as an evaporator. 

[0069] 

 The refrigerant discharged from the compressor (22) passes through the gas line 5 

(L2), dissipates heat in the thermal storage heat exchanger (63), passes through the first 

bypass pipe (44a), and then further dissipates heat in the preheating heat exchanger (64). The 

refrigerant which has flowed out of the primary thermal storage channel (44) is decompressed 

by the outdoor expansion valve (24), and then evaporates in the outdoor heat exchanger (23) 

and is taken into the compressor (22). The thermal storage medium heated by the thermal 10 

storage heat exchanger (63) and the preheating heat exchanger (64) is accumulated in the 

thermal storage tank (62). 

[0070] 

 [Heating and Warm Thermal Energy Storage Operation] 

 In the heating and warm thermal energy storage operation, the thermal storage 15 

device (60) is actuated to store warm thermal energy in the thermal storage tank (62), and the 

room is heated by the indoor unit (70). The heating and warm thermal energy storage 

operation is roughly grouped into a first heating and warm thermal energy storage operation 

(hereinafter referred to as a heating and warm thermal energy storage operation (1)) and a 

second heating and warm thermal energy storage operation (hereinafter referred to as a 20 

heating and warm thermal energy storage operation (2)). 

[0071] 

 [Heating and Warm Thermal Energy Storage Operation (1)] 

 In the heating and warm thermal energy storage operation (1) illustrated in FIG. 8, 

the four-way switching valve (25) is in the second state, and third solenoid valve (SV3), the 25 
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fifth solenoid valve (SV5), and the sixth solenoid valve (SV6) among the first to sixth 

solenoid valves (SV1–SV6) are open. The rest of the solenoid valves are closed. The first to 

fourth decompression valves (EV1–EV4) and the thermal storage expansion valve (45) are 

fully closed. The degrees of opening of the indoor expansion valve (73) and the outdoor 

expansion valve (24) are appropriately adjusted. The compressor (22), the outdoor fan (26), 5 

and the indoor fan (74) are actuated. The thermal storage device (60) is actuated since the 

pump (67) is in operation. In the warm thermal energy storage operation, the refrigerant 

circuit (11) performs a refrigeration cycle in which the indoor heat exchanger (72) serves as a 

condenser, the thermal storage heat exchanger (63) and the preheating heat exchanger (64) as 

radiators, and the outdoor heat exchanger (23) as an evaporator. 10 

[0072] 

 The refrigerant discharged from the compressor (22) flows through the gas line 

(L2), and all of the refrigerant flows through the indoor heat exchanger (72). In the indoor 

heat exchanger (72), the refrigerant dissipates heat to the indoor air and is condensed. All of 

the refrigerant condensed in the indoor heat exchanger (72) flows through the third branch 15 

pipe (49) and the thermal storage heat exchanger (63). In the thermal storage heat exchanger 

(63), the refrigerant dissipates heat to the thermal storage medium, so that the thermal storage 

medium is heated. The refrigerant which has flowed through the thermal storage heat 

exchanger (63) further dissipates heat to the thermal storage medium in the preheating heat 

exchanger (64), and flows through the liquid line (L1). This refrigerant evaporates in the 20 

outdoor heat exchanger (23) and is taken into the compressor (22). 

[0073] 

 In this manner, all of the refrigerant condensed in the indoor heat exchanger (72) 

flows through the thermal storage heat exchanger (63) in the heating and warm thermal 

energy storage operation (1). Thus, heat of the surplus refrigerant which is not used for 25 
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heating the room may be utilized for storing warm thermal energy in the thermal storage 

medium. 

[0074] 

 [Heating and Warm Thermal Energy Storage Operation (2)] 

 In the heating and warm thermal energy storage operation (2) illustrated in FIG. 9, 5 

the four-way switching valve (25) is in the second state, and the second solenoid valve (SV1), 

the third solenoid valve (SV3), the fourth solenoid valve (SV4), and the fifth solenoid valve 

(SV5) among the first to sixth solenoid valves (SV1–SV6) are open. The rest of the solenoid 

valves are closed. The first to fourth decompression valves (EV1–EV4) are fully closed. The 

degrees of opening of the indoor expansion valve (73) and the outdoor expansion valve (24) 10 

are appropriately adjusted. The compressor (22), the outdoor fan (26), and the indoor fan (74) 

are actuated. The thermal storage device (60) is actuated since the pump (67) is in operation. 

In the warm thermal energy storage operation, the refrigerant circuit (11) performs a 

refrigeration cycle in which the indoor heat exchanger (72) and the thermal storage heat 

exchanger (63) serve as condensers, and the outdoor heat exchanger (23) as an evaporator. 15 

[0075] 

 The refrigerant discharged from the compressor (22) flows through the gas line 

(L2), and part of the refrigerant flows through the indoor heat exchanger (72) and the rest of 

the refrigerant flows through the primary thermal storage channel (44). In the indoor heat 

exchanger (72), the refrigerant dissipates heat to the indoor air and is condensed. The 20 

refrigerant condensed in the indoor heat exchanger (72) flows through primary liquid pipe 

(42). 

[0076] 

 The refrigerant in the primary thermal storage channel (44) dissipates heat to the 

thermal storage medium in the thermal storage heat exchanger (63) and is condensed. This 25 
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refrigerant is a high-temperature and high-pressure gas refrigerant, which increases a 

temperature difference between the refrigerant and the thermal storage medium. The thermal 

storage medium may thus be given the warm thermal energy with reliability. The refrigerant 

condensed by the thermal storage heat exchanger (63) merges with the refrigerant flowing 

through the primary liquid pipe (42), and is decompressed by the outdoor expansion valve 5 

(24). The decompressed refrigerant evaporates in the outdoor heat exchanger (23) and is taken 

into the compressor (22). 

[0077] 

 In this manner, in the heating and warm thermal energy storage operation (2), the 

high-temperature and high-pressure gas refrigerant discharged from the compressor (22) 10 

flows into both of the indoor heat exchanger (72) and the thermal storage heat exchanger (63) 

in a parallel manner, and is condensed in the respective heat exchangers. Thus, the warm 

thermal energy is reliably given to the thermal storage medium, while continuing heating of 

the room. 

[0078] 15 

 [Utilization Heating Operation] 

 In the utilization heating operation, the thermal storage device (60) is actuated, and 

the warm thermal energy of the thermal storage medium stored in the thermal storage tank 

(62) is utilized as heat of vaporization of the low-pressure refrigerant. Heating loads may thus 

be reduced. The utilization heating operation is roughly grouped into a first utilization heating 20 

operation (hereinafter referred to as a utilization heating operation (1)) and a second 

utilization heating operation (hereinafter referred to as a utilization heating operation (2)). 

[0079] 

 [Utilization Heating Operation (1)] 

 The utilization heating operation (1) is performed under a condition in which a 25 
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difference (MP−LP) is relatively small between a pressure (MP) of the refrigerant which 

evaporates in the thermal storage heat exchanger (63) and a pressure (LP) of the refrigerant 

which evaporates in the outdoor heat exchanger (23). For example, this condition is met in a 

situation in a winter season in which a temperature of outside air is relatively high, but a 

temperature of the thermal storage medium in the thermal storage circuit (61) of the thermal 5 

storage device (60) is relatively low. 

[0080] 

 In the utilization heating operation (1) illustrated in FIG. 10, the four-way switching 

valve (25) is in the second state, and the third solenoid valve (SV3) and the fifth solenoid 

valve (SV5) among the first to sixth solenoid valves (SV1–SV6) are open. The rest of the 10 

solenoid valves are closed. The first decompression valve (EV1) and the outdoor expansion 

valve (24) are fully open. The second decompression valve (EV2) and the third 

decompression valve (EV3) are fully closed. The degree of opening of the fourth 

decompression valve (EV4) and the indoor expansion valve (73) are appropriately adjusted. 

The compressor (22) and the indoor fan (74) are actuated, and the outdoor fan (26) is stopped. 15 

The thermal storage device (60) is actuated since the pump (67) is in operation. In the 

utilization heating operation (1), the refrigerant circuit (11) performs a refrigeration cycle in 

which the indoor heat exchanger (72) serves as a condenser, and the thermal storage heat 

exchanger (63) as an evaporator. 

[0081] 20 

 The refrigerant discharged from the compressor (22) flows through the gas line (L2) 

and is condensed by the indoor heat exchanger (72). All of the refrigerant which has flowed 

into the liquid line (L1) flows in the second branch pipe (48). In the second branch pipe (48), 

the refrigerant is decompressed to a low pressure by the fourth decompression valve (EV4). 

The decompressed refrigerant flows through the thermal storage refrigerant channel (63b) of 25 
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the thermal storage heat exchanger (63), and absorbs heat from the thermal storage medium 

and evaporates. The refrigerant which has evaporated in the thermal storage heat exchanger 

(63) passes through the first bypass pipe (44a), flows through the preheating refrigerant 

channel (64b) of the preheating heat exchanger (64), and absorbs heat from the thermal 

storage medium and further evaporates. This refrigerant flows through the primary thermal 5 

storage channel (44) and is diverged into the first introduction pipe (31) and the outdoor heat 

exchanger (23). These refrigerants merge with each other in the suction pipe (28) and is taken 

into the compressor (22). Thus, the pressure loss of the refrigerant, and hence the power to 

actuate the compressor (22), may be reduced. The refrigerant flowing through the first 

introduction pipe (31) flows through the first subcooling heat exchanger (32), which is not an 10 

air heat exchanger. Thus, heat loss is also small. In addition, even when the refrigerant flows 

through the outdoor heat exchanger (23), the heat loss is small since the outdoor fan (26) stays 

at rest. In this manner, the pressure loss and/or heat loss of the low-pressure gas refrigerant 

may be reduced in the utilization heating operation (1). In addition, the first introduction pipe 

(31) also serves as a low-pressure injection pipe for subcooling of the refrigerant. The number 15 

of pipes may thus be reduced. 

[0082] 

 Note that in the utilization heating operation (1), only the outdoor expansion valve 

(24), of the first decompression valve (EV1) and the outdoor expansion valve (24), may be 

fully closed to allow the low-pressure gas refrigerant to flow only to the first introduction pipe 20 

(31). Further, only the first decompression valve (EV1), of the first decompression valve 

(EV1) and the outdoor expansion valve (24), may be fully closed to allow the low-pressure 

gas refrigerant to flow only to the outdoor heat exchanger (23). 

[0083] 

 [Utilization Heating Operation (2)] 25 
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 The utilization heating operation (2) is performed under a condition in which a 

difference (MP−LP) is relatively large between a pressure (MP) of the refrigerant which 

evaporates in the thermal storage heat exchanger (63) and a pressure (LP) of the refrigerant 

which evaporates in the outdoor heat exchanger (23). For example, this condition is met in a 

situation in a winter season in which a temperature of outside air is relatively low, but a 5 

temperature of the thermal storage medium in the thermal storage circuit (61) of the thermal 

storage device (60) is relatively high. 

[0084] 

 In the utilization heating operation (2) illustrated in FIG. 11, the four-way switching 

valve (25) is in the second state, the first solenoid valve (SV1), the second solenoid valve 10 

(SV3), and the fifth solenoid valve (SV5) among the first to sixth solenoid valves (SV1–SV6) 

are open. The rest of the solenoid valves are closed. The first to third decompression valves 

(EV1–EV3) are fully closed. The degrees of opening of the fourth decompression valve 

(EV4), the indoor expansion valve (73) and the outdoor expansion valve (24) are 

appropriately adjusted. The compressor (22), the outdoor fan (26), and the indoor fan (74) are 15 

actuated. The thermal storage device (60) is actuated since the pump (67) is in operation. In 

the utilization heating operation, the refrigerant circuit (11) performs a refrigeration cycle in 

which the indoor heat exchanger (72) serves as a condenser, and the thermal storage heat 

exchanger (63), the preheating heat exchanger (64), and the outdoor heat exchanger (23) as 

evaporators. 20 

[0085] 

 The refrigerant discharged from the compressor (22) flows through the gas line (L2) 

and is condensed by the indoor heat exchanger (72). The refrigerant which has flowed into the 

liquid line (L1) is diverged into the second branch pipe (48) and the primary liquid pipe (42). 

The refrigerant in the second branch pipe (48) is decompressed by the fourth decompression 25 
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valve (EV4) to an intermediate pressure (between a high pressure and a low pressure in the 

refrigerant circuit (11)) and flows into the primary thermal storage channel (44). The 

refrigerant in the primary thermal storage channel (44) is heated in the thermal storage heat 

exchanger (63) and the preheating heat exchanger (64) and evaporates. The evaporated 

refrigerant sequentially passes through the intermediate junction pipe (46), the communication 5 

pipe (13), and the intermediate suction pipe (35), and is taken into the compression chamber 

of the compressor (22) in the middle of compression. 

[0086] 

 The refrigerant in the primary liquid pipe (42) is decompressed by the outdoor 

expansion valve (24), evaporates in the outdoor heat exchanger (23), and is taken into the 10 

suction pipe (28) of the compressor (22). In the compression chamber of the compressor (22), 

the low-pressure refrigerant taken through the suction pipe (28) is compressed to the 

intermediate pressure, mixed with the intermediate-pressure refrigerant taken through the 

intermediate suction pipe (35), and then compressed to have a high pressure. 

[0087] 15 

 The utilization heating operation (2) is performed under a condition in which the 

temperature of the outside air is low and the temperature of the thermal storage medium of the 

thermal storage circuit (61) of the thermal storage device (60) is relatively high. Thus, in the 

utilization heating operation (2), the difference (MP−LP) between the evaporating pressure 

MP of the refrigerant in the thermal storage heat exchanger (63) and the evaporating pressure 20 

LP of the refrigerant in the outdoor heat exchanger (23) is relatively large. Thus, in the middle 

of the compression process in the compression chamber of the compressor (22), the 

possibility that the internal pressure of the compression chamber becomes higher than the 

pressure of the refrigerant introduced therein through the intermediate suction pipe (35) may 

be reduced, which allows the refrigerant in the intermediate suction pipe (35) to be reliably 25 
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introduced in the compression chamber. 

[0088] 

 Moreover, the intermediate suction pipe (35) is provided with the check valve 

(CV1) which prohibits the backflow of the refrigerant from the compressor (22) toward the 

primary thermal storage channel (44). Thus, even if the pressure MP of the refrigerant flowing 5 

out of the intermediate suction pipe (35) is lower than the internal pressure of the compression 

chamber in the middle of the compression process, the refrigerant in the compression chamber 

does not flow back into the intermediate suction pipe (35). The check valve (CV1) may be 

provided at the inner pipe portion (36) of the intermediate suction pipe (35) located inside the 

casing (22a) of the compressor (22). This configuration may achieve a minimum channel 10 

length from the compression chamber of the compression mechanism in the middle of the 

compression process to the check valve (CV1), and therefore a minimum dead volume that 

does not contribute to the compression of the refrigerant. As a result, a decline in the 

compression efficiency of compressor (22) may be prevented. 

[0089] 15 

 Further, if the refrigerant is compressed under the condition in which the difference 

MP−LP is relatively large, the overall workloads required for the compressor (22) to 

compress the refrigerant to a high pressure are reduced. As a result, the utilization heating 

operation (2) may achieve energy-efficient heating, while giving the warm thermal energy of 

the thermal storage medium to the refrigerant. 20 

[0090] 

 [First Mode of Utilization Heating Operation] 

 In the above-described utilization heating operation (1) and/or the utilization 

heating operation (2), the controller (100) compares an outside-air temperature To detected by 

the outside-air temperature sensor (S1) (see FIG. 1) with a predetermined temperature Ta. If 25 



 39  

the detected outside-air temperature To is higher than or equal to the predetermined 

temperature Ta, the controller (100) determines that a first condition is satisfied, and performs 

a first mode. 

[0091] 

 The first mode is a type of operation performed in the utilization heating operation 5 

(1) and/or the utilization heating operation (2) in which the thermal storage medium heats the 

refrigerant via the thermal storage heat exchanger (63) only when the temperature of the 

thermal storage medium is higher than a temperature at which hydrates are generated. It can 

thus be said that, of sensible heat and latent heat stored in the thermal storage medium, only 

the sensible heat is used for heating in the first mode. 10 

[0092] 

 In the first mode, the relatively high sensible heat of the thermal storage medium is 

given to the refrigerant via the thermal storage heat exchanger (63) and/or the preheating heat 

exchanger heat exchanger (64). Thus, even if heat is exchanged between the thermal storage 

medium and the refrigerant, the evaporating pressure can be maintained at a relatively high 15 

pressure, and the efficiency of heating can be improved. However, in the first mode, the 

outside-air temperature To is high and the evaporating pressure of the low-pressure refrigerant 

in the outdoor heat exchanger (23) is also high. Thus, if the first mode is maintained and the 

temperature of the thermal storage medium in the thermal storage circuit (61) gradually 

decreases, the evaporating pressure in the thermal storage circuit (61) also decreases. In this 20 

state, maintaining the first mode no longer improves the efficiency of heating. To avoid such a 

situation, the controller (100) terminates the first mode when the temperature of the thermal 

storage medium detected by the thermal storage medium temperature sensor (S2) is lower 

than a reference temperature Tb, and controls devices to perform a simple heating operation. 

The reference temperature Tb used herein is a predetermined temperature higher than or equal 25 
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to a temperature at which hydrates are generated (e.g., 12°C). 

[0093] 

 In the simple heating operation (FIG. 6) thus performed, the pump (67) is stopped, 

so that the refrigerant does not flow through the thermal storage heat exchanger (63). This 

means that the thermal storage medium is not cooled by the refrigerant any more, and thus the 5 

temperature of the thermal storage medium will not be lower than or equal to the temperature 

at which hydrates are generated. As a result, crystallization and accumulation of clathrate 

hydrates in the pipes of the thermal storage circuit (61) may be prevented, which may reliably 

prevent clogging of the thermal storage circuit (61). Moreover, heating of the room is 

maintained by the shift to the simple heating operation, and comfort of the room is not 10 

deteriorated. 

[0094] 

 [Second Mode of Utilization Heating Operation] 

 In the above-described utilization heating operation (1) and/or the utilization 

heating operation (2), the controller (100) determines that the first condition is not satisfied 15 

and performs a second mode of operation when the detected outside-air temperature To is 

lower than the predetermined temperature Ta. 

[0095] 

 The second mode is a type of operation in which the thermal storage medium 

continues to heat the refrigerant via the thermal storage heat exchanger (63) even after the 20 

temperature of the thermal storage medium falls below the temperature at which hydrates are 

generated. It can thus be said that both sensible heat and latent heat stored in the thermal 

storage medium are utilized for heating in the second mode. 

[0096] 

 In the second mode, the relatively low latent heat of the thermal storage medium is 25 
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given to the refrigerant via the thermal storage heat exchanger (63) and the preheating heat 

exchanger heat exchanger (68). In the second mode, the outside-air temperature To is low, 

and the evaporating pressure of the low-pressure refrigerant in the outdoor heat exchanger 

(23) is also low. Thus, the evaporating pressure can be maintained at a relatively high 

pressure, and the efficiency of heating can be improved, by exchanging heat between the 5 

thermal storage medium and the refrigerant. 

[0097] 

 If the second mode is maintained, the temperature of the thermal storage medium in 

the thermal storage circuit (61) gradually decreases and falls below the temperature at which 

hydrates are generated. As a result, clathrate hydrates may be generated and crystals of the 10 

hydrates may accumulate in the pipes of the thermal storage circuit (61). To avoid this 

phenomenon, the thermal storage device (60) is configured to use the thermal storage medium 

temperature sensor (S2) to detect start of accumulation of the crystals of the clathrate 

hydrates. 

[0098] 15 

 Specifically, the thermal storage medium of the thermal storage circuit (61) falls in 

a subcooled state, and hence crystals of the hydrates are not generated, even when the 

temperature thereof falls below the temperature at which hydrates are generated. However, 

the subcooled state ends and hydrate crystals are generated, if the thermal storage medium in 

the subcooled state is given some trigger such as impact. If the subcooled state ends, the 20 

temperature of the thermal storage medium increases to a temperature close to the temperature 

at which hydrates are generated. If the thermal storage medium temperature sensor (S2) 

detects that the temperature of the thermal storage medium has increased, the controller (100) 

determines that the crystals of clathrate hydrates start to accumulate. For example, a flow-rate 

detector for detecting a circulating volume of the thermal storage medium in the thermal 25 
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storage circuit (61) may be used as an accumulation detector for detecting the start of 

accumulation of the crystals of clathrate hydrates. That is, it may be detected that the crystals 

of clathrate hydrates start to accumulate when the flow-rate detector detects that the 

circulating volume of the thermal storage medium in the thermal storage circuit (61) is lower 

than a predetermined value. 5 

[0099] 

 If the start of accumulation of crystals of the clathrate hydrates is detected, the 

controller (100) stops the second mode and performs the heating and warm thermal energy 

storage operation. Specifically, if the start of accumulation of crystals of the clathrate hydrates 

is detected, the controller (100) determines whether a condition indicating the refrigerant that 10 

has been condensed in the indoor heat exchanger (72) has a high temperature is met or not. 

[0100] 

 Specifically, a determination section of the controller (100) compares the 

temperature Tb of the refrigerant that has been condensed in the indoor heat exchanger (72) 

with a predetermined reference refrigerant temperature Ts, when shifting the operation from 15 

the second mode to the heating and warm thermal energy storage operation. The 

determination section determines that the above condition is met if the temperature Tb of the 

refrigerant is higher than the reference refrigerant temperature Ts. In this case, the controller 

(100) controls the devices to perform the first heating and warm thermal energy storage 

operation (i.e., the heating and warm thermal energy storage operation (1)), as illustrated in 20 

FIG. 8. As a result, the heating and warm thermal energy storage operation (1) is performed in 

which the entire amount of the refrigerant compressed in the compressor (22) sequentially 

flows through the indoor heat exchanger (72) and the thermal storage heat exchanger (63). In 

the heating and warm thermal energy storage operation (1) performed under this condition, 

the refrigerant which has flowed through the indoor heat exchanger (72) has a sufficiently 25 



 43  

high temperature. Thus, the thermal storage medium can be well heated by the refrigerant, 

which allows for maintaining heating of the room. 

[0101] 

 On the other hand, suppose that the temperature Tb of the refrigerant condensed in 

the indoor heat exchanger (72) is lower than or equal to the reference refrigerant temperature 5 

Ts, when the operation is shifted from the second mode to the heating and warm thermal 

energy storage operation. In such a case, the determination section of the controller (100) 

determines that a condition indicating the refrigerant condensed in the indoor heat exchanger 

(72) has a high temperature is not met. Then, the controller (100) controls the devices to 

perform the second heating and warm thermal energy storage operation (i.e., the heating and 10 

warm thermal energy storage operation (2)), as illustrated in FIG. 9. As a result, the 

refrigerant compressed by the compressor (22) is diverged into both of the indoor heat 

exchanger (72) and the thermal storage heat exchanger (63), and evaporates in the respective 

heat exchangers. Thus, the temperature of the thermal storage medium can be reliably 

increased, while continuing heating of the room. 15 

[0102] 

 <Efficiency of Compressor and Switching of Operation> 

 Described below are the rotational speed of the compressor (22) and the efficiency 

of the compressor, and switching of the operation of the thermal storage air conditioner (10) 

in relation to these aspects of the compressor (22). 20 

[0103] 

 [Efficiency of Compressor] 

 As explained in the description of the compressor (22), the motor of the compressor 

(22) has a variable operating frequency which is varied by an inverter section, and a variable 

rotational speed. The efficiency of the compressor (22) relies on the rotational speed of the 25 
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compressor (22). FIG. 12 shows an example relationship between the rotational speed (rps) 

and the efficiency (%) of the compressor. 

[0104] 

 In the example shown in FIG. 12, the efficiency of the compressor is at the peak 

near the rotational speed R. The efficiency of the compressor gradually declines as the 5 

compressor has a lower rotational speed than R, and the compressor has the lowest efficiency 

at a rotational speed Rmin. The efficiency of the compressor also declines when the rotational 

speed of the compressor is too high, and is lower at a rotational speed Rmax than it is at R. 

[0105] 

 Thus, desirably, the compressor (22) is driven at a rotational speed which 10 

contributes to high efficiency of the compressor. In particular, it is recommended to avoid an 

extremely slow rotational speed of the compressor, since the efficiency of the compressor 

quickly declines when the rotational speed is slowed down. 

[0106] 

 The air-conditioning capacity of the thermal storage air conditioner (10) is 15 

controlled by adjusting the rotational speed of the compressor (22). Thus, if the air-

conditioning load (a cooling load or a heating load) in a room is lowered during the operation 

of the thermal storage air conditioner (10), the rotational speed of the compressor (22) is 

reduced to decrease the air-conditioning capacity of the thermal storage air conditioner (10) 

according to the air-conditioning load in the room. 20 

[0107] 

 Conventionally, If the air conditioner has an excessive air-conditioning capacity 

with respect to the air-conditioning load even after the rotational speed of the compressor (22) 

is set to a minimum value (a lowest rotational speed), an on/off operation of the compressor 

(22), in which the halt and restart of the compressor (22) are repeated, is used to be performed 25 
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to prevent the room temperature from becoming too low or too high. However, it is 

recommended to avoid the on/off operation since the on/off operation may increase the power 

consumption and/or deteriorate the comfort due to frequent on/off switching of the air 

conditioning. 

[0108] 5 

 Instead, in the present invention, switching between the simple cooling operation 

and the cooling and cold thermal energy storage operation (and switching between the simple 

heating operation and the heating and warm thermal energy storage operation) is performed as 

will be described below. 

[0109] 10 

 [Switching between Simple Cooling Operation and Cooling and Cold Thermal 

Energy Storage Operation] 

 If a cooling load in a room is lowered in the simple cooling operation, and the 

rotational speed of the compressor (22) is slowed down to a predetermined lower reference 

value R1, the controller (100) switches the operation of the thermal storage air conditioner 15 

(10) from the simple cooling operation to the cooling and cold thermal energy storage 

operation. 

[0110] 

 The lower reference value R1 is set to be larger than Rmin and smaller than R. It is 

recommended that the lower reference value R1 be set to be slightly larger than Rmin. 20 

[0111] 

 In the simple cooling operation, only the indoor air in the indoor heat exchanger 

(72) is cooled, whereas in the cooling and cold thermal energy storage operation, both the 

indoor air in the indoor heat exchanger (72) and the thermal storage medium in the thermal 

storage heat exchanger (63) are cooled. Thus, the low pressure in the refrigeration cycle 25 
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temporarily increases when the simple cooling operation is switched to the cooling and cold 

thermal energy storage operation. 

[0112] 

 On the other hand, in the simple cooling operation and the cooling and cold thermal 

energy storage operation, the controller (100) adjusts the rotational speed of the compressor 5 

(22) so that the low pressure in the refrigeration cycle (i.e., a pressure of the refrigerant taken 

into the compressor) will be a predetermined target value. Thus, when the simple cooling 

operation is switched to the cooling and cold thermal energy storage operation, the rotational 

speed of the compressor (22) needs to be increased to lower the low pressure in the 

refrigeration cycle to the target value. 10 

[0113] 

 To do this, the controller (100) of the present embodiment switches the operation of 

the thermal storage air conditioner (10) from the simple cooling operation to the cooling and 

cold thermal energy storage operation to increase the rotational speed of the compressor (22), 

if the rotational speed of the compressor (22) is slowed down in the simple cooling operation 15 

to the lower reference value R1, at which the compressor (22) operates inefficiently. As a 

result, the rotational speed of the compressor (22) exceeds the lower reference value R1, and 

the efficiency of the compressor (22) is improved. 

[0114] 

 Conventionally, If the thermal storage air conditioner (10) has an excessive cooling 20 

capacity with respect to the cooling load of the room even after the rotational speed of the 

compressor (22) is set to a minimum value Rmin, an on/off operation of the compressor (22), 

in which the halt and restart of the compressor (22) are repeated, is used to be performed to 

prevent the room temperature from becoming too low. 

[0115] 25 
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 On the other hand, If the rotational speed of the compressor (22) is slowed down to 

the lower reference value R1 in the simple cooling operation, the controller (100) of the 

present embodiment switches the operation of the thermal storage air conditioner (10) from 

the simple cooling operation to the cooling and cold thermal energy storage operation. With 

this control, the room can be cooled by utilizing only part of the cold thermal energy obtained 5 

by the refrigeration cycle, and the amount of the cold thermal energy used to cool the indoor 

air in the indoor heat exchanger (72) can be reduced to an appropriate amount for the cooling 

load in the room, while allowing the actuation of the compressor (22) to keep running. Thus, 

according to the present embodiment, avoiding the on/off operation of the compressor (22) 

allows for maintaining the comfort of the room high even in a state in which the cooling load 10 

of the room is very low. 

[0116] 

 The lower reference value R1, based on which the operation is switched from the 

simple cooling operation to the cooling and cold thermal energy storage operation, is 

determined from the relationship between the rotational speed and the efficiency of the 15 

compressor as shown in FIG. 12, a rotational speed of the compressor (22) for storing cold 

thermal energy, and any other suitable parameters. The amount of cold thermal energy stored 

in the thermal storage section (60) may also be used as a parameter based on which the lower 

reference value is determined. 

[0117] 20 

 Now, if the rotational speed of the compressor (22) reaches an upper reference 

value R2 in the cooling and cold thermal energy storage operation, the controller (100) 

switches the operation from the cooling and cold thermal energy storage operation to the 

simple cooling operation to reduce the rotational speed of the compressor (22). The upper 

reference value R2 is set to be larger than R and smaller than Rmax. 25 
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[0118] 

 In FIG. 12, for example, the efficiency of the compressor declines as the rotational 

frequency exceeds R and approaches Rmax. In such a case, the efficiency of the compressor 

may be increased by switching the operation from the cooling and cold thermal energy 

storage operation to the simple cooling operation. 5 

[0119] 

 Further, the compressor (22) consumes more power when rotates at higher speed. In 

view of this point, as well, it is recommended to switch the operation from the cooling and 

cold thermal energy storage operation to the simple cooling operation if the rotational speed 

exceeds a predetermined value. 10 

[0120] 

 Similarly to the lower reference value R1, the upper reference value R2 is 

determined from the relationship between the rotational speed and the efficiency of the 

compressor, a rotational speed of the compressor (22) for storing cold thermal energy, and 

any other suitable parameters. 15 

[0121] 

 In order to store cold thermal energy in the thermal storage section (60), at least a 

certain amount of cold thermal energy is needed. Thus, in switching the simple cooling 

operation to the cooling and cold thermal energy storage operation, the rotational speed needs 

to be increased at least by a value which allows for generation of the certain amount of cold 20 

thermal energy. 

[0122] 

 In this regard, the thermal storage section (60) may be designed to be capable of 

storing cold thermal energy by utilizing cold thermal energy generated at a lowest rotational 

speed of the compressor (22). In this case, the simple cooling operation can be switched to the 25 
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cooling and cold thermal energy storage operation by increasing the rotational speed of the 

compressor (22) by only the value of the lowest rotational speed of the compressor (22). 

[0123] 

 [Switching between Simple Heating Operation and Heating And Warm Thermal 

Energy Storage Operation] 5 

 Switching between the simple heating operation and the heating and warm thermal 

energy storage operation is performed in a similar manner to the above-described switching 

between the simple cooling operation and the cooling and cold thermal energy storage 

operation. 

[0124] 10 

 In the simple heating operation, only the indoor air in the indoor heat exchanger 

(72) is heated, whereas in the heating and warm thermal energy storage operation, both the 

indoor air in the indoor heat exchanger (72) and the thermal storage medium in the thermal 

storage heat exchanger (63) are heated. Thus, the high pressure in the refrigeration cycle is 

temporarily lowered when the simple heating operation is switched to the heating and warm 15 

thermal energy storage operation. 

[0125] 

 On the other hand, in the simple heating operation and the heating and warm 

thermal energy storage operation, the controller (100) adjusts the rotational speed of the 

compressor (22) so that the high pressure in the refrigeration cycle (i.e., a pressure of the 20 

refrigerant discharged from the compressor) will be a predetermined target value. Thus, when 

the simple heating operation is switched to the heating and warm thermal energy storage 

operation, the rotational speed of the compressor (22) needs to be increased to raise the high 

pressure in the refrigeration cycle to the target value. 

[0126] 25 
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 To do this, the controller (100) of the present embodiment switches the operation of 

the thermal storage air conditioner (10) from the simple heating operation to the heating and 

warm thermal energy storage operation to increase the rotational speed of the compressor 

(22), if the rotational speed of the compressor (22) is slowed down to the lower reference 

value R1 in the simple heating operation, and the compressor (22) starts to operate at an 5 

inefficient rotational speed. As a result, the rotational speed of the compressor (22) exceeds 

the lower reference value R1, and the efficiency of the compressor (22) is improved. 

[0127] 

 Conventionally, if the thermal storage air conditioner (10) has an excessive heating 

capacity with respect to the heating load of the room even after the rotational speed of the 10 

compressor (22) is set to a minimum value Rmin, an on/off operation of the compressor (22), 

in which the halt and restart of the compressor (22) are repeated, is used to be performed to 

prevent the room temperature from becoming too high. 

[0128] 

 On the other hand, the controller (100) of the present embodiment switches the 15 

operation of the thermal storage air conditioner (10) from the simple heating operation to the 

heating and warm thermal energy storage operation, if the rotational speed of the compressor 

(22) is slowed down to the lower reference value R1 in the simple heating operation. With this 

control, the room can be heated by utilizing only part of the warm thermal energy obtained by 

the refrigeration cycle, and the amount of the warm thermal energy used to heat the indoor air 20 

in the indoor heat exchanger (72) can be reduced to an appropriate amount for the heating 

load in the room, while allowing the compressor (22) to keep running. Thus, according to the 

present embodiment, avoiding the on/off operation of the compressor (22) allows for 

maintaining the comfort of the room high even in a state in which the heating load of the 

room is very low. 25 
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[0129] 

 Now, if the rotational speed of the compressor (22) reaches the upper reference 

value R2 in the heating and warm thermal energy storage operation, the operation of the 

thermal storage air conditioner (10) is switched from the heating and warm thermal energy 

storage operation to the simple heating operation to slow down the rotational speed of the 5 

compressor (22). 

[0130] 

 In FIG. 12, the efficiency of the compressor declines as the rotational frequency 

exceeds R and approaches Rmax. In such a case, the efficiency of the compressor may be 

increased if the operation is switched from the heating and warm thermal energy storage 10 

operation to the simple heating operation. Further, the compressor (22) consumes more power 

when rotated at higher speed. In view of this point, as well, it is recommended to switch the 

operation from the heating and warm thermal energy storage operation to the simple heating 

operation if the rotational speed exceeds a predetermined value. 

[0131] 15 

 Similarly to the case of cooling, the lower reference value R1 and the upper 

reference value R2 are determined based on the relationship between the rotational speed and 

the efficiency of the compressor as shown in FIG. 12, a rotational speed of the compressor 

(22) for storing cold thermal energy, and any other suitable parameter. 

[0132] 20 

 In order to store warm thermal energy in the thermal storage section (60), at least a 

certain amount of warm thermal energy is needed. Thus, in switching the simple heating 

operation to the heating and warm thermal energy storage operation, the rotational speed 

needs to be increased at least by a value that allows for generation of the certain amount of 

warm thermal energy. 25 
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[0133] 

 In this regard, the thermal storage section (60) may be designed to be capable of 

storing warm thermal energy by utilizing warm thermal energy generated at a lowest 

rotational speed of the compressor (22). In this case, the simple heating operation can be 

switched to the heating and warm thermal energy storage operation by increasing the 5 

rotational speed of the compressor (22) by only the value of the lowest rotational speed of the 

compressor (22). 

[0134] 

 <<Variations of Embodiment>> 

 In the above-described embodiment, the check valve (CV1) is provided at a portion 10 

of the intermediate suction pipe (35) located outside the casing (22a) of the compressor (22). 

This configuration facilitates the connection and maintenance of the check valve (CV1). The 

check valve (CV1) may be provided at the inner pipe portion (36) of the intermediate suction 

pipe (35) located inside the casing (22a). This configuration may achieve a minimum channel 

length from the compression chamber of the compression mechanism in the middle of the 15 

compression process to the check valve (CV1), thereby minimizing a dead volume that does 

not contribute to the compression of the refrigerant. As a result, decline in the compression 

efficiency of compressor (22) may be prevented. 

[0135] 

 <<First Variant of Embodiment>> 20 

 It is recommended that the thermal energy stored in the thermal storage section (60) 

during the cooling and cold thermal energy storage operation and the heating and warm 

thermal energy storage operation in the above-described embodiment be utilized when a 

cooling load or a heating load of a room is large. In other words, it is desirable that the 

thermal storage air conditioner (10) performs the utilization cooling operation and/or the 25 
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utilization heating operations (1) and (2) when the cooling load or the heating load of the 

room is larger than a predetermined value. 

[0136] 

 The broken line in the graph (a) of FIG. 13 shows a transition of the power 

consumption of the thermal storage air conditioner according to the first variant of the 5 

embodiment, and the solid line in the graph (a) shows a transition of the power consumption 

of a known air conditioner. As clearly shown in the graph (a) of FIG. 13, the thermal storage 

air conditioner according to the first variant of the embodiment consumes more power at a 

low load, and less power at a high load, compared to the known air conditioner. 

[0137] 10 

 In the first variant of the embodiment, the operation is switched from the simple 

cooling operation to the cooling and cold thermal energy storage operation when the load is 

low and the room needs to be cooled, and is switched from the simple heating operation to the 

heating and warm thermal energy storage operation when the load is low and the room needs 

to be heated. On the other hand, the known air conditioner continues the simple cooling 15 

operation when the load is low and the room needs to be cooled, and continues the simple 

heating operation when the load is low and the room needs to be heated. This is why, in the 

graph (a) of FIG. 13, the thermal storage air conditioner of the first variant of the 

embodiment, in which the cooling and cold thermal energy storage operation or the heating 

and warm thermal energy storage operation is performed, consumes more power at the low 20 

load than in the case where the simple cooling operation or the simple heating operation is 

performed. As can be seen from this, although more power is consumed than in conventional 

cases, cold thermal energy or warm thermal energy can be efficiently stored in the first variant 

of the embodiment. 

[0138] 25 
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 Further, in the first variant of the embodiment, the utilization cooling operation is 

performed when the load is high and the room needs to be cooled, and the utilization heating 

operation is performed when the load is high and the room needs to be heated. On the other 

hand, the known air conditioner continues the simple cooling operation when the load is high 

load and when the room needs to be cooled, and continues the simple heating operation when 5 

the load is high and the room needs to be heated. This is why, in the graph (a) of FIG. 13, the 

thermal storage air conditioner of the first variant of the embodiment, in which the utilization 

cooling operation or the utilization heating operation is performed, consumes less power at 

the high load than in the case where the simple cooling operation or the simple heating 

operation is performed. 10 

[0139] 

 In view of the power consumption at the low load and the high load, it can be said 

that the power consumption is smoothed more in the first variant of the embodiment than in 

conventional cases. 

[0140] 15 

 The thermal storage air conditioner (10) according to the first variant of the 

embodiment may reduce variations in the indoor air temperature to keep the comfort of the 

room, and reduce power consumption of the air conditioner (10). 

[0141] 

 It is recommended that the above-mentioned cooling or heating load in the room be 20 

determined by the controller (100) based on data of predicted daily temperature transition, a 

peak temperature value in said data, annual data of temperature transition, etc. 

[0142] 

 <<Second Variant of Embodiment>> 

 In the graph (b) of FIG. 13, the curves show the efficiency of the thermal storage air 25 
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conditioner (10) with respect to the transition of load factors with respect to a rated capacity, 

and the bar charts show operational time of the thermal storage air conditioner (10) with 

respect to the transition of the load factors with respect to the rated capacity, separately for the 

heating operation and the cooling operation. 

[0143] 5 

 The bar charts in the graph (b) of FIG. 13 reveal that the maximum load factor with 

respect to the rated capacity is 100% in a cooling operation, but 70% in a heating operation. 

The bar charts in the graph (b) of FIG. 13 further reveals that in both of the cooling operation 

and the heating operation, about 90% of the annual operation time is directed to the load 

factor of 50% or less. 10 

[0144] 

 In view of this, in general, the thermal storage air conditioner (10) which can deal 

with the largest load factor (i.e., 100%) in the cooling operation is selected. However, as 

shown in the bar charts in the graph (b) of FIG. 13, the length of time in which the load factor 

is at the maximum (i.e., 100%) is very short, i.e., about several hours a year, even in the 15 

cooling operation. 

[0145] 

 On the other hand, the thermal storage air conditioner (10) according to the above-

described first variant of the embodiment may perform the utilization cooling operation when 

the cooling load in the room is high, and may perform the utilization heating operation when 20 

the heating load in the room is high. That is, the thermal storage air conditioner (10) 

according to the first variant of the embodiment may perform the utilization cooling (or 

utilization heating) operation to deal with high load factors. Thus, in selecting the thermal 

storage air conditioner (10) of the first variant of the embodiment, the thermal storage air 

conditioner (10) smaller in size (i.e., horsepower) than the air conditioners usually selected 25 
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may be selected. For example, according to the first variant of the embodiment, it is possible 

to select an 8 horsepower (HP) thermal storage air conditioner which is smaller in size (i.e., 

horsepower) than a 10 HP thermal storage air conditioner, in a situation in which a 10 HP 

thermal storage air conditioner is supposed to be selected. 

[0146] 5 

 In the graph (b) of FIG. 13, the solid curve shows the transition of the efficiency 

with respect to the load factor of the 10 HP thermal storage air conditioner, and the broken 

curve shows the transition of the efficiency with respect to the load factor of the 8 HP thermal 

storage air conditioner. The comparison between the two curves shows that the thermal 

storage air conditioner smaller in size (i.e., horsepower) has greater efficiency than the 10 

thermal storage air conditioner larger in size (i.e., horsepower) at low loads. 

[0147] 

 That is, according to the thermal storage air conditioner (10) of the first variant of 

the embodiment, the efficiency at low loads (at which a large part of operations is performed) 

is increased, and the annual efficiency may thus be improved, by selecting the thermal storage 15 

air conditioner (10) smaller in size (i.e., horsepower) than the usually selected thermal storage 

air conditioner. 

[0148] 

 <<Third Variant of Embodiment>> 

 The thermal storage sections of the above embodiments are so-called dynamic 20 

thermal storage devices having a thermal storage circuit in which the thermal storage medium 

is circulated. However, the thermal storage sections may be so-called static thermal storage 

devices in which water or other thermal storage media retained in a tank, for example, is 

allowed to exchange heat with a refrigerant. 

 25 
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INDUSTRIAL APPLICABILITY 

[0149] 

As can be seen from the foregoing description, the present invention is useful as a thermal 

storage air conditioner. 

 5 

DESCRIPTION OF REFERENCE CHARACTERS 

[0150] 

10 Thermal Storage Air Conditioner 

11 Refrigerant Circuit 

22 Compressor (Compression Section) 10 

23 Outdoor Heat Exchanger 

28 Suction Pipe (Low-Pressure Suction Portion) 

31 First Introduction Pipe (Low-Pressure Introduction Pipe) 

32 First Subcooling Heat Exchanger (First Heat Exchanger) 

35 Intermediate Suction Pipe (Intermediate Suction Portion) 15 

36 Inner Pipe Portion 

44 Primary Thermal Storage Channel 

60 Thermal Storage Section (Thermal Storage Device) 

61 Thermal Storage Circuit 

62 Thermal Storage Tank 20 

63 Thermal Storage Heat Exchanger 

65 Outflow Pipe (Outflow Portion) 

72 Indoor Heat Exchanger 

100 Controller (Operation Control Section) 

EV1 First Decompression Valve (Decompression Valve) 25 
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CLAIMS 

 

 1. A thermal storage air conditioner, comprising: 

 a refrigerant circuit (11) which has a compressor (22), an outdoor heat exchanger 

(23), and an indoor heat exchanger (72) and performs a refrigeration cycle; and 5 

  a thermal storage section (60) which has a thermal storage medium and exchanges 

heat between the thermal storage medium and a refrigerant of the refrigerant circuit (11), 

 the thermal storage air conditioner being capable of performing 

  a simple cooling operation in which in the refrigerant circuit (11), the 

refrigerant is condensed in the outdoor heat exchanger (23) and evaporates in the indoor heat 10 

exchanger (72), and 

  a cooling and cold thermal energy storage operation in which in the 

refrigerant circuit (11), the refrigerant is condensed in the outdoor heat exchanger (23) and 

evaporates in the indoor heat exchanger (72), and in which the thermal storage medium in 

the thermal storage section (60) is cooled by the refrigerant, wherein 15 

 the thermal storage air conditioner has an operation control section (100) which, if 

a rotational speed of the compressor (22) is slowed down to a predetermined lower reference 

value in the simple cooling operation, switches an operation of the thermal storage air 

conditioner from the simple cooling operation to the cooling and cold thermal energy storage 

operation to increase the rotational speed of the compressor (22). 20 

 

 2. The thermal storage air conditioner of claim 1, wherein 

 the operation control section (100) switches the operation of the thermal storage air 

conditioner from the cooling and cold thermal energy storage operation to the simple cooling 

operation to reduce the rotational speed of the compressor (22) if the rotational speed of the 25 
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compressor (22) increases to a predetermined upper reference value in the cooling and cold 

thermal energy storage operation. 

 

 3. The thermal storage air conditioner of claim 1 or 2, wherein 

 when the operation control section (100) switches the operation of the thermal 5 

storage air conditioner from the simple cooling operation to the cooling and cold thermal 

energy storage operation, the rotational speed of the compressor (22) is increased by a value 

equal to a lowest rotational speed of the compressor (22). 

 

 4. A thermal storage air conditioner, comprising: 10 

 a refrigerant circuit (11) which has a compressor (22), an outdoor heat exchanger 

(23), and an indoor heat exchanger (72) and performs a refrigeration cycle; and 

 a thermal storage section (60) which has a thermal storage medium and exchanges 

heat between the thermal storage medium and a refrigerant of the refrigerant circuit (11), 

 the thermal storage air conditioner being capable of performing 15 

  a simple heating operation in which in the refrigerant circuit (11), the 

refrigerant is condensed in the indoor heat exchanger (72) and evaporates in the outdoor heat 

exchanger (23), and 

  a heating and warm thermal energy storage operation in which in the 

refrigerant circuit (11), the refrigerant is condensed in the indoor heat exchanger (72) and 20 

evaporates in the outdoor heat exchanger (23), and in which the thermal storage medium in 

the thermal storage section (60) is heated by the refrigerant, wherein 

 the thermal storage air conditioner has an operation control section (100) which, if 

a rotational speed of the compressor (22) is slowed down to a predetermined lower reference 

value in the simple heating operation, switches an operation of the thermal storage air 25 



 60  

conditioner from the simple heating operation to the heating and warm thermal energy 

storage operation to increase the rotational speed of the compressor (22). 

 

 5. The thermal storage air conditioner of claim 4, wherein 

 the operation control section (100) switches the operation of the thermal storage air 5 

conditioner from the heating and warm thermal energy storage operation to the simple 

heating operation to reduce the rotational speed of the compressor (22) if the rotational speed 

of the compressor (22) increases to a predetermined upper reference value in the heating and 

warm thermal energy storage operation. 

 10 

 6. The thermal storage air conditioner of claim 4 or 5, wherein 

 when the operation control section (100) switches the operation of the thermal 

storage air conditioner from the simple heating operation to the heating and warm thermal 

energy storage operation, the rotational speed of the compressor (22) is increased by a value 

equal to a lowest rotational speed of the compressor (22). 15 

 


