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DESCRIPTION 

 

TITLE OF INVENTION 

 Heat Exchanger and Refrigeration Cycle Apparatus 

TECHNICAL FIELD 5 

[0001] The present invention relates to a heat exchanger and a refrigeration cycle 

apparatus. 

BACKGROUND ART 

[0002] It has been conventionally known that the heat exchange performance of a heat 

exchanger that includes fins and heat transfer tubes and performs heat exchange 10 

between refrigerant flowing through the heat transfer tubes and air flowing outside the 

heat transfer tubes changes depending on a refrigerant flow path.  In particular, for a 

heat exchanger including a plurality of banks, heat exchange performance changes 

depending on the relationship of circulation between refrigerant and air. 

[0003] For example, Japanese Patent Laying-Open No. 2015-78830 (PTL 1) discloses 15 

a heat exchanger in which an auxiliary windward bank portion, an auxiliary leeward 

bank portion, a header collecting tube, a principal leeward bank portion, and a principal 

windward bank portion are disposed in series in a refrigerant flow path.  When this 

heat exchanger functions as an evaporator, refrigerant flows successively through the 

auxiliary windward bank portion, the auxiliary leeward bank portion, the principal 20 

leeward bank portion, and the principal windward bank portion.  This configuration 

can secure a temperature difference between refrigerant and air in a refrigerant flow 

path (a heat exchanger portion disposed above the header) in which refrigerant in the 

gas single-phase state easily flows, thereby improving the performance of the 

evaporator. 25 

CITATION LIST 

PATENT LITERATURE 

[0004] PTL 1:  Japanese Patent Laying-Open No. 2015-78830 

SUMMARY OF INVENTION 



 - 2 - 

TECHNICAL PROBLEM 

[0005]It is desirable that, when the heat exchanger including a plurality of banks 

arranged in an air flow direction functions as an evaporator, the temperature of the heat 

exchange unit in the leeward bank portion be lower than the temperature of the heat 

exchange unit of the windward bank portion.  The cause of this will be described with 5 

reference to Figs. 11 and 12.  Figs. 11 and 12 are temperature distribution charts 

showing changes in the temperatures of air and a heat exchange unit when a heat 

exchanger including a plurality of banks functions as an evaporator.  When a heat 

exchanger temperature Tb of the leeward bank portion is lower than a heat exchanger 

temperature Tf of the windward bank portion as shown in Fig. 11, the heat exchanger 10 

temperature is lower than the air temperature in the leeward bank portion, and thus, the 

heat exchanger can satisfactorily deliver the performance of the evaporator.  When 

heat exchanger temperature Tb of the leeward bank portion is higher than heat 

exchanger temperature Tf of the windward bank portion as shown in Fig. 12, however, 

the heat exchanger temperature may be higher than the air temperature in the leeward 15 

bank portion.  In this case, the heat exchanger may fail to satisfactorily deliver the 

performance of the evaporator due to a rise in the air temperature in the leeward bank 

portion. 

[0006] When the heat exchanger functions as an evaporator in the refrigeration cycle 

apparatus, refrigerant in the gas-liquid two-phase state may flow into the heat 20 

exchanger, the refrigerant may transition from the gas-liquid two-phase state to a gas 

single-phase state, and accordingly, the refrigerant in the gas single-phase state may 

flow out.  In other words, when the heat exchanger functions as an evaporator, the 

flow of refrigerant is divided to a region in the gas-liquid two-phase state (hereinbelow, 

referred to as a gas-liquid two-phase region) and a region in the gas single-phase state 25 

(hereinbelow, referred to as a gas single-phase region). 

[0007] A refrigerant pressures decreases in the refrigerant flow direction due to a 

friction loss of the refrigerant.  A saturation temperature of the refrigerant also 

decreases along with the decrease in refrigerant pressure, and accordingly, the 
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refrigerant temperature decreases in the refrigerant flow direction in the gas-liquid two-

phase region.  Also, the refrigerant in the gas single-phase state absorbs heat from the 

air, entering the overheated state.  In the gas single-phase region, the refrigerant 

temperature thus rises in the refrigerant flow direction. 

[0008] When the heat exchanger including a plurality of banks functions as an 5 

evaporator, as the refrigerant flows in from the windward bank portion and flows out of 

the leeward bank portion in the gas-liquid two-phase region, the leeward bank portion 

has a temperature lower than that of the windward bank portion and thus can 

satisfactorily deliver the performance of the evaporator.  That is to say, when the heat 

exchanger including the plurality of banks functions as an evaporator, it is desirable 10 

that the refrigerant and air be parallel flows in the gas-liquid two-phase region. 

[0009] When the heat exchanger including a plurality of banks functions as an 

evaporator, as the refrigerant flows in from the leeward bank portion and flows out of 

the windward bank portion in the gas single-phase region, the leeward bank portion has 

a temperature lower than that of the windward bank portion and thus can satisfactorily 15 

deliver the performance of the evaporator.  That is to say, when the heat exchanger 

including the plurality of banks functions as an evaporator, it is desirable that the 

refrigerant and air be counterflows in the gas single-phase region. 

[0010] However, when the heat exchanger described in the above publication functions 

as an evaporator, refrigerant and air flow opposite to each other in the main heat 20 

exchange unit disposed downstream in a refrigerant flow.  That is to say, in the main 

heat exchange unit, refrigerant and air are counterflows in both of a refrigerant flow 

path (a heat exchanger portion disposed above the header) which easily becomes the 

gas single-phase region and a refrigerant flow path (a heat exchanger portion disposed 

below the header) that easily becomes the gas-liquid two-phase region. 25 

[0011] As described above, when the heat exchanger functions as an evaporator, and 

when refrigerant and air flow in the opposite directions in the refrigerant flow path that 

easily becomes the gas-liquid two-phase region, a temperature difference between 

refrigerant and air is not secured in the leeward bank portion.  Consequently, the heat 
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exchanger may not satisfactorily deliver the performance of an evaporator. 

[0012] The present invention has been made in view of the above problem and has an 

object to provide a heat exchanger capable of securing the performance of an 

evaporator. 

SOLUTION TO PROBLEM 5 

[0013] A heat exchanger according the present invention has a plurality of heat transfer 

tubes and is provided for heat exchange between refrigerant flowing inside the plurality 

of heat transfer tubes and air flowing outside the plurality of heat transfers.  The heat 

exchanger includes an auxiliary heat exchange unit and a main heat exchange unit.  

The auxiliary heat exchange unit has a first auxiliary heat exchange region and a second 10 

auxiliary heat exchange region.  The second auxiliary heat exchange region faces the 

first auxiliary heat exchange region in a flow direction in which the air flows.  The 

main heat exchange unit has a first main heat exchange region, a second main heat 

exchange region, a third main heat exchange region, and a fourth main heat exchange 

region.  The second main heat exchange region faces the first main heat exchange 15 

region in the flow direction.  The third main heat exchange region is disposed opposite 

to the first auxiliary heat exchange region across the first main heat exchange region.  

The fourth main heat exchange region faces the third main heat exchange region in the 

flow direction and is disposed opposite to the second auxiliary heat exchange region 

across the second main heat exchange region.  The plurality of heat transfer tubes of 20 

each of the first auxiliary heat exchange region and the second auxiliary heat exchange 

region are fewer than the plurality of heat transfer tubes of each of the first main heat 

exchange region, the second main heat exchange region, the third main heat exchange 

region, and the fourth main heat exchange region.  The first auxiliary heat exchange 

region, the first main heat exchange region, and the third main heat exchange region are 25 

disposed windward of the second auxiliary heat exchange region, the second main heat 

exchange region, and the fourth main heat exchange region, respectively, in the flow 

direction.  The auxiliary heat exchange unit and the main heat exchange unit are 

configured to cause the refrigerant to flow successively through the first auxiliary heat 
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exchange region, the second auxiliary heat exchange region, the first main heat 

exchange region, the second main heat exchange region, the fourth main heat exchange 

region, and the third main heat exchange region when the heat exchanger functions as 

an evaporator. 

ADVANTAGEOUS EFFECTS OF INVENTION 5 

[0014] In the heat exchanger according to the present invention, the auxiliary heat 

exchange unit and the main heat exchange unit are configured to cause refrigerant to 

flow successively through the first auxiliary heat exchange region, the second auxiliary 

heat exchange region, the first main heat exchange region, the second main heat 

exchange region, the fourth main heat exchange region, and the third main heat 10 

exchange region when the heat exchanger functions as an evaporator.  This allows 

refrigerant in the gas-liquid two-phase state and air to flow parallel to each other in the 

first main heat exchange region and the second main heat exchange region, allowing 

refrigerant in the gas single-phase state and air to flow opposite to each other in the 

fourth main heat exchange region and the third main heat exchange region.  15 

Consequently, a temperature difference between refrigerant and air can be secured in 

the first main heat exchange region and the second main heat exchange region and also 

in the fourth main heat exchange region and the third main heat exchange region, thus 

securing the performance of the evaporator of the heat exchanger. 

BRIEF DESCRIPTION OF DRAWINGS 20 

[0015] Fig. 1 shows an example refrigerant circuit of an air conditioning apparatus 

according to Embodiment 1. 

 Fig. 2 shows a flow of refrigerant in the refrigerant circuit for illustrating an 

operation of the air conditioning apparatus according to Embodiment 1. 

 Fig. 3 is a perspective view showing an outline of a heat exchanger according to 25 

Embodiment 1. 

 Fig. 4 is a schematic view showing an outline of the heat exchanger according 

to Embodiment 1. 

 Fig. 5 is a temperature distribution chart schematically showing changes in 
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refrigerant temperature when the heat exchanger according to Embodiment 1 functions 

as an evaporator. 

 Fig. 6 is a schematic view showing an outline of a heat exchanger according to 

Modification 1 of Embodiment 1. 

 Fig. 7 is a schematic view showing an outline of a heat exchanger according to 5 

Modification 2 of Embodiment 1. 

 Fig. 8 shows an outline of a heat exchanger according to Modification 3 of 

Embodiment 1. 

 Fig. 9 is a perspective view showing an outline of a heat exchanger according to 

Embodiment 2. 10 

 Fig. 10 is a perspective view showing an outline of a heat exchanger according 

to Embodiment 3. 

 Fig. 11 is a temperature distribution chart schematically showing changes in 

temperatures of air and a heat exchange unit including a plurality of banks when the 

heat exchanger functions as an evaporator and when the heat exchanger temperature of 15 

the windward bank portion is higher than the heat exchanger temperature of the 

leeward bank portion. 

 Fig. 12 is a temperature distribution chart schematically showing changes in 

temperatures of air and a heat exchange unit including a plurality of banks when the 

heat exchanger functions as an evaporator and when the heat exchanger temperature of 20 

the windward bank portion is lower than the heat exchanger temperature of the leeward 

bank portion. 

DESCRIPTION OF EMBODIMENTS 

[0016] Embodiments of the present invention will now be described in detail with 

reference to the drawings.  Each of the embodiments will describe an air conditioning 25 

apparatus as an example refrigeration cycle apparatus and also describes a case in 

which a heat exchanger recited in CLAIMS is used as an outdoor heat exchanger.  The 

heat exchanger recited in CLAIMS may be used as an indoor heat exchanger. 

[0017] Embodiment 1 
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 First, an overall configuration (refrigerant circuit) of an air conditioning 

apparatus 1, serving as a refrigeration cycle apparatus according to Embodiment 1 of 

the present invention, will be described with reference to Fig. 1.  As shown in Fig. 1, 

air conditioning apparatus 1 includes a compressor 2, a four-way valve 3, an indoor 

heat exchanger 4, an indoor blower 5, a throttle device 6, an outdoor blower 7, a 5 

controller 8, and an outdoor heat exchanger 10.  Compressor 2, four-way valve 3, 

indoor heat exchanger 4, throttle device 6, and outdoor heat exchanger 10 are 

connected by a refrigerant pipe.  Compressor 2 serves to compress refrigerant flowing 

into indoor heat exchanger 4 or outdoor heat exchanger 10.  Indoor blower 5 serves to 

flow air to indoor heat exchanger 4, and outdoor blower 7 serves to flow air to outdoor 10 

heat exchanger 10. 

[0018] Indoor heat exchanger 4 and indoor blower 5 are disposed in an indoor unit 1A.  

Outdoor heat exchanger 10 and outdoor blower 7 are disposed in an outdoor unit 1B.  

Compressor 2, four-way valve 3, throttle device 6, and controller 8 are also disposed in 

outdoor unit 1B.  A series of operations of air conditioning apparatus 1 are controlled 15 

by controller 8. 

[0019] Next, operations of air conditioning apparatus 1 of the present embodiment will 

be described with reference to Fig. 2.  Solid arrows in the figure indicate a flow of 

refrigerant during heating operation, and dashed arrows in the figure indicate a flow of 

refrigerant during cooling operation. 20 

[0020] Air conditioning apparatus 1 of the present embodiment can selectively perform 

the cooling operation and the heating operation.  In the cooling operation, refrigerant 

circulates successively through compressor 2, four-way valve 3, outdoor heat 

exchanger 10, throttle device 6, and indoor heat exchanger 4 in refrigerant circuit.  

Outdoor heat exchanger 10 functions as a condenser.  Heat exchange is performed 25 

between the refrigerant flowing through outdoor heat exchanger 10 and the air blown 

by outdoor blower 7.  Indoor heat exchanger 4 functions as an evaporator.  Heat 

exchange is performed between the refrigerant flowing through indoor heat exchanger 

4 and the air blown by indoor blower 5.  In the heating operation, refrigerant circulates 
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successively through compressor 2, four-way valve 3, indoor heat exchanger 4, throttle 

device 6, and outdoor heat exchanger 10 in the refrigerant circuit.  Indoor heat 

exchanger 4 functions as a condenser.  Outdoor heat exchanger 10 functions as an 

evaporator. 

[0021] Next, with reference to Figs. 3 and 4, a configuration of outdoor heat exchanger 5 

10 will be described as an example heat exchanger that functions as an evaporator.  

Outdoor heat exchanger 10 will be described merely as heat exchanger 10 as 

appropriate. 

[0022] Heat exchanger 10 according to the present embodiment has a plurality of heat 

transfer tubes 20.  Heat exchanger 10 serves to perform heat exchange between the 10 

refrigerant flowing inside heat transfer tubes 20 and the air flowing outside heat 

transfer tubes 20.  Heat exchanger 10 has a plurality of heat exchange bank portions 

11.  Heat exchanger 10 of the present embodiment has two banks of heat exchange 

bank portions 11 formed of a windward bank portion and a leeward bank portion.  

Heat exchange bank portions 11 are disposed side by side in an air flow direction (a 15 

direction x in the figure).  Each of heat exchange bank portions 11 has heat transfer 

tubes 20.  In heat exchanger 10 according to the present embodiment, a refrigerant 

flow path through which refrigerant flows is formed in each of heat transfer tubes 20.  

Heat exchanger 10 is formed to perform heat exchange between refrigerant flowing 

through the refrigerant flow path of each of heat transfer tubes 20 and air flowing 20 

through outside each of heat transfer tubes 20. 

[0023] Heat exchanger 10 mainly includes a main heat exchange unit (main unit) 30 

and an auxiliary heat exchange unit (auxiliary unit) 40.  Auxiliary heat exchange unit 

40 is formed of heat transfer tubes 20 fewer than those of main heat exchange unit 30.  

In the present embodiment, heat exchanger 10 is divided into main heat exchange unit 25 

30 and auxiliary heat exchange unit 40 in the direction in which heat transfer tubes 20 

are disposed (a direction y in the figure).  In the present embodiment, auxiliary heat 

exchange unit 40 is disposed below main heat exchange unit 30. 

[0024] In main heat exchange unit 30 and auxiliary heat exchange unit 40, heat transfer 
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tubes 20 are disposed to pass through a plurality of plate-shaped fins 21.  Each of heat 

transfer tubes 20 is, for example, a flat tube that has a major axis and a minor axis and 

has a flat sectional shape.  Each of heat transfer tubes 20 is not limited to the flat tube 

and may be, for example, a circular tube having a circular sectional shape or an elliptic 

tube having an elliptic sectional shape. 5 

[0025] Main heat exchange unit 30 and auxiliary heat exchange unit 40 are disposed 

such that refrigerant continuously flows through main heat exchange unit 30 and 

auxiliary heat exchange unit 40 via a dispenser 50.  Dispenser 50 is a header 

collecting tube through which refrigerant circulates and which has a space in which 

refrigerant is dispensed.  Dispenser 50 is not limited thereto and may be a distributor. 10 

[0026] Main heat exchange unit 30 is divided into at least two or more main-unit 

sections 31 in direction y in the figure.  Main-unit sections 31 are disposed such that 

refrigerant continuously flows through main-unit sections 31 via a main-unit refrigerant 

pipe component 60.  Main-unit refrigerant pipe component 60 is a refrigerant pipe 

component obtained by connecting a header collecting tube that collects refrigerant and 15 

a header dispensing tube that dispenses refrigerant by a pipe.  Main-unit refrigerant 

pipe component 60 is not limited thereto and may be a refrigerant pipe connecting 

refrigerant flow paths of heat transfer tubes 20 to each other in series. 

[0027] Fig. 3 shows an outline of heat exchanger 10 when main heat exchange unit 30 

is divided into two main-unit sections 31 in heat exchanger 10.  As shown in Fig. 3, 20 

main heat exchange unit 30 has a main-unit section 31a and a main-unit section 31b as 

main-unit sections 31. 

[0028] Main heat exchange unit 30 has a plurality of main heat exchange regions.  

Main heat exchange unit 30 has a first main heat exchange region 311, a second main 

heat exchange region 312, a third main heat exchange region 313, and a fourth main 25 

heat exchange region 314.  First main heat exchange region 311 and second main heat 

exchange region 312 constitute main-unit section 31a.  Third main heat exchange 

region 313 and fourth main heat exchange region 314 constitute main-unit section 31b. 

[0029] Auxiliary heat exchange unit 40 has an auxiliary-unit section 41a as an 
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auxiliary-unit section 41.  Auxiliary heat exchange unit 40 has a plurality of auxiliary 

heat exchange regions.  Auxiliary heat exchange unit 40 has a first auxiliary heat 

exchange region 411 and a second auxiliary heat exchange region 412.  First auxiliary 

heat exchange region 411 and second auxiliary heat exchange region 412 constitute 

auxiliary-unit section 41a.  Second auxiliary heat exchange region 412 faces first 5 

auxiliary heat exchange region 411 in a flow direction in which air flows, indicated by 

a white arrow in the figure. 

[0030] Heat transfer tubes 20 of each of first auxiliary heat exchange region 411 and 

second auxiliary heat exchange region 412 are fewer than heat transfer tubes 20 of each 

of first main heat exchange region 311, second main heat exchange region 312, third 10 

main heat exchange region 313, and fourth main heat exchange region 314. 

[0031] Second main heat exchange region 312 faces first main heat exchange region 

311 in the flow direction in which air flows.  Third main heat exchange region 313 is 

disposed opposite to first auxiliary heat exchange region 411 across first main heat 

exchange region 311.  Fourth main heat exchange region 314 faces third main heat 15 

exchange region 313 in the flow direction in which air flows.  Fourth main heat 

exchange region 314 is disposed opposite to second auxiliary heat exchange region 412 

across second main heat exchange region 312. 

[0032] First auxiliary heat exchange region 411, first main heat exchange region 311, 

and third main heat exchange region 313 are disposed windward of second auxiliary 20 

heat exchange region 412, second main heat exchange region 312, and fourth main heat 

exchange region 314, respectively, in the flow direction. 

[0033] When heat exchanger 10 functions as an evaporator, auxiliary heat exchange 

unit 40 and main heat exchange unit 30 are configured to cause refrigerant to flow 

successively through first auxiliary heat exchange region 411, second auxiliary heat 25 

exchange region 412, first main heat exchange region 311, second main heat exchange 

region 312, fourth main heat exchange region 314, and third main heat exchange region 

313. 

[0034] When heat exchanger 10 functions as an evaporator, refrigerant flows 
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successively through auxiliary heat exchange unit 40, dispenser 50, and main heat 

exchange unit 30.  That is to say, when heat exchanger 10 functions as an evaporator, 

auxiliary heat exchange unit 40 is disposed upstream and main heat exchange unit 30 is 

disposed midstream to downstream in a flow of refrigerant. 

[0035] Fig. 5 is a temperature distribution chart showing an outline of changes in 5 

refrigerant temperature when heat exchanger 10 according to Embodiment 1 of the 

present invention functions as an evaporator.  As shown in Fig. 5, when heat 

exchanger 10 functions as an evaporator, refrigerant in the gas-liquid two-phase state 

which has a high wetness may flow into auxiliary heat exchange unit (auxiliary unit) 40, 

and refrigerant in the gas single-phase state which has a wetness of zero or less may 10 

flow out of main heat exchange unit (main unit) 30.  When heat exchanger 10 

functions as an evaporator, thus, the gas-liquid two-phase region and the gas single-

phase region are formed in heat exchanger 10. 

[0036] In a common refrigeration cycle apparatus, the refrigerant that has flowed out of 

the evaporator is sucked by a compressor.  As liquid refrigerant is compressed, the 15 

compressor may break down, and accordingly, refrigerant that flows out of the 

evaporator is desirably in the gas single-phase state.  Also, refrigerant in the gas 

single-phase state has a lower heat transfer coefficient than that of refrigerant in the 

gas-liquid two-phase state, and accordingly, the gas single-phase region is made small 

in the evaporator.  It is thus desirable that, when heat exchanger 10 functions as an 20 

evaporator, only the most downstream portion in a flow of refrigerant be the gas single-

phase region, and the other portion be the gas-liquid two-phase region. 

[0037] In the present embodiment, thus, when heat exchanger 10 functions as an 

evaporator, auxiliary heat exchange unit 40 is configured to be the gas-liquid two-phase 

region, main heat exchange unit 30 is configured to be the gas-liquid two-phase region 25 

in an upstream portion to a midstream portion in the flow of refrigerant and be the gas 

single-phase region in a downstream portion in main heat exchange unit 30. 

[0038] Next, the function and effect of the present embodiment will be described. 

 When heat exchanger 10 functions as an evaporator, refrigerant flows 
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successively through main-unit section 31a and main-unit section 31b in main heat 

exchange unit 30.  That is to say, in main heat exchange unit 30 of heat exchanger 10, 

main-unit section 31a is disposed most upstream in the flow of refrigerant in the 

evaporator.  Main-unit section 31a will be referred to as main-unit upstream section 

31a as appropriate.  In main heat exchange unit 30 of heat exchanger 10, main-unit 5 

section 31b is disposed most downstream in the flow of refrigerant in the evaporator.  

Main-unit section 31b will be referred to as main-unit downstream section 31b as 

appropriate. 

[0039] As described above, when heat exchanger 10 functions as an evaporator, the 

upstream portion to the midstream portion in the flow of refrigerant is the gas-liquid 10 

two-phase region in main heat exchange unit 30.  That is to say, refrigerant is located 

in the gas-liquid two-phase region in main-unit upstream section 31a.  In main-unit 

upstream section 31a, refrigerant flows into the windward bank portion and flows out 

of the leeward bank portion.  Specifically, refrigerant flows from first main heat 

exchange region 311 toward second main heat exchange region 312.  That is to say, 15 

when heat exchanger 10 functions as an evaporator, refrigerant and air flow parallel to 

each other in main-unit upstream section 31a that is the gas-liquid two-phase region.  

With the above configuration, the temperature of the heat exchanger is lower in the 

leeward bank portion than in the windward bank portion in main-unit upstream section 

31a, thus securing a temperature difference between air and refrigerant in the leeward 20 

bank portion.  The performance of the evaporator of heat exchanger 10 can thus be 

improved. 

[0040] As described above, when heat exchanger 10 functions as an evaporator, the 

downstream portion in the flow of refrigerant is the gas single-phase region in main 

heat exchange unit 30.  That is to say, refrigerant is located in the gas single-phase 25 

region in main-unit downstream section 31b.  In main-unit downstream section 31b, 

refrigerant flows into the leeward bank portion and flows out of the windward bank 

portion.  Specifically, refrigerant flows from fourth main heat exchange region 314 

toward third main heat exchange region 313.  That is to say, when heat exchanger 10 
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functions as an evaporator, refrigerant and air flow opposite to each other in main-unit 

downstream section 31b that is the gas single-phase region.  With the above 

configuration, the temperature of the heat exchanger is lower in the leeward bank 

portion than in the windward bank portion in main-unit downstream section 31b, thus 

securing a temperature difference between air and refrigerant in the leeward bank 5 

portion.  The performance of the evaporator of heat exchanger 10 can thus be 

improved. 

[0041] When heat exchanger 10 functions as an evaporator, auxiliary heat exchange 

unit 40 is the gas-liquid two-phase region.  That is to say, refrigerant is located in the 

gas-liquid two-phase region in auxiliary-unit section 41a.  In auxiliary-unit section 10 

41a, refrigerant flows into the windward bank portion and flows out of the leeward 

bank portion.  Specifically, refrigerant flows from first auxiliary heat exchange region 

411 toward second auxiliary heat exchange region 412.  That is to say, when heat 

exchanger 10 functions as an evaporator, refrigerant and air flow parallel to each other 

in auxiliary-unit section 41a that is the gas-liquid two-phase region.  With the above 15 

configuration, the temperature of the heat exchanger bank portion is lower in the 

leeward bank portion than in the windward bank portion in auxiliary-unit section 41a, 

thus securing a temperature difference between air and refrigerant in the leeward bank 

portion.  The performance of the evaporator of heat exchanger 10 can thus be 

improved. 20 

[0042] As described above, in heat exchanger 10 according to the present embodiment, 

auxiliary heat exchange unit 40 and main heat exchange unit 30 are configured to cause 

refrigerant to flow successively through the first auxiliary heat exchange region, the 

second auxiliary heat exchange region, the first main heat exchange region, the second 

main heat exchange region, the fourth main heat exchange region, and the third main 25 

heat exchange region when heat exchanger 10 functions as an evaporator.  

Consequently, refrigerant in the gas-liquid two-phase state and air can flow parallel to 

each other in first main heat exchange region 311 and second main heat exchange 

region 312, so that refrigerant in the gas single-phase state and air can flow opposite to 
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each other in fourth main heat exchange region 314 and third main heat exchange 

region 313.  A temperature difference between refrigerant and air can thus be secured 

in first main heat exchange region 311 and second main heat exchange region 312 and 

in fourth main heat exchange region 314 and third main heat exchange region 313.  

The performance of the evaporator of heat exchanger 10 can thus be improved. 5 

[0043] As described above, when refrigerant and air flow opposite to each other 

through the refrigerant flow path that easily becomes the gas-liquid two-phase region, a 

temperature difference between refrigerant and air may not be secured in the leeward 

bank portion, and accordingly, the performance of the evaporator may not be fully 

delivered.  In particular, when heat transfer tube 20 has a small tube inside diameter, a 10 

pressure loss decreases excessively, for example, at high viscosity of the refrigerant.  

When refrigerant and air flow opposite to each other through the refrigerant flow path 

that easily becomes the gas-liquid two-phase region, thus, a temperature difference 

between refrigerant and air may not be secured in the leeward bank portion, and the 

performance of the evaporator is highly unlikely to be delivered.  In heat exchanger 10 15 

according to the present embodiment, the performance of the evaporator can be secured 

even when the pressure of the refrigerant dramatically drops. 

[0044] Air conditioning apparatus 1 according to the present embodiment includes heat 

exchanger 10 described above, and thus, air conditioning apparatus 1 that can secure 

the performance of the evaporator of heat exchanger 10 can be provided. 20 

[0045] Next, heat exchangers 10 according to Modifications 1 to 3 of the present 

embodiment will be described with reference to Figs. 6 to 8.  Heat exchangers 10 

according to Modifications 1 to 3 of the present embodiment described below have the 

same components and effects as those of heat exchanger 10 according to the present 

embodiment described above, unless otherwise noted.  The same components as those 25 

of heat exchanger 10 according to the present embodiment will thus be denoted by the 

same references, description of which will not be repeated. 

[0046] Heat exchanger 10 according to Modification 1 of the present embodiment will 

be described with reference to Fig. 6.  Fig. 6 is a schematic view showing an outline 
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of heat exchanger 10 when main heat exchange unit 30 is divided into three or more 

main-unit sections 31 in heat exchanger 10.  As shown in Fig. 6, main heat exchange 

unit 30 is divided into a main-unit section 31a, a main-unit section 31b, and a main-unit 

section 31c. 

[0047] Main heat exchange unit 30 further has a fifth main heat exchange region 315 5 

and a sixth main heat exchange region 316.  Fifth main heat exchange region 315 and 

sixth main heat exchange region 316 constitute main-unit section 31c.  Fifth main heat 

exchange region 315 is disposed between first main heat exchange region 311 and third 

main heat exchange region 313.  Sixth main heat exchange region 316 is disposed 

between second main heat exchange region 312 and fourth main heat exchange region 10 

314. 

[0048] Main heat exchange unit 30 is configured to cause refrigerant to flow 

successively through first main heat exchange region 311, second main heat exchange 

region 312, fifth main heat exchange region 315, sixth main heat exchange region 316, 

fourth main heat exchange region 314, and third main heat exchange region 313 when 15 

heat exchanger 10 functions as an evaporator. 

[0049] When heat exchanger 10 functions as an evaporator, refrigerant flows 

successively through main-unit section 31a, main-unit section 31c, and main-unit 

section 31b in main heat exchange unit 30.  That is to say, main-unit section 31a is 

disposed most upstream in the flow of refrigerant of the evaporator in main heat 20 

exchange unit 30 of heat exchanger 10.  Main-unit section 31a will be referred to as 

main-unit upstream section 31a as appropriate.  Main-unit section 31b is disposed 

most downstream in the flow of refrigerant of the evaporator in main heat exchange 

unit 30 of heat exchanger 10.  Main-unit section 31b will be referred to as main-unit 

downstream section 31b as appropriate.  Main-unit section 31c is disposed midstream 25 

between main-unit upstream section 31a and main-unit downstream section 31b in 

main heat exchange unit 30 of heat exchanger 10.  Main-unit section 31c will be 

referred to as main-unit midstream section 31c as appropriate. 

[0050] Although main-unit midstream section 31c is formed of one main-unit section 
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31 with reference to Fig. 6, the present invention is not limited thereto, and main-unit 

section 31c may be formed of two or more main-unit sections 31. 

[0051] As described above, when heat exchanger 10 functions as an evaporator, the 

upstream portion to the midstream portion in the flow of refrigerant is the gas-liquid 

two-phase region in main heat exchange unit 30.  That is to say, in main-unit upstream 5 

section 31a and main-unit midstream section 31c, refrigerant is located in the gas-liquid 

two-phase region.  In main-unit upstream section 31a and main-unit midstream 

section 31c, refrigerant flows into the windward bank portion and flows out of the 

leeward bank portion.  Specifically, refrigerant flows from first main heat exchange 

region 311 toward second main heat exchange region 312.  Also, refrigerant flows 10 

from fifth main heat exchange region 315 toward sixth main heat exchange region 316.  

That is to say, when heat exchanger 10 functions as an evaporator, refrigerant and air 

flow parallel to each other in main-unit upstream section 31a and main-unit midstream 

section 31c that are gas-liquid two-phase region.  With the above configuration, the 

temperature of the heat exchanger is lower in the leeward bank portion than in the 15 

windward bank portion in main-unit upstream section 31a and main-unit midstream 

section 31c, and accordingly, a temperature difference between air and refrigerant can 

be secured in the leeward bank portion.  The performance of the evaporator of heat 

exchanger 10 can thus be improved. 

[0052] As described above, when heat exchanger 10 function as an evaporator, 20 

refrigerant and air flow opposite to each other in main-unit downstream section 31b 

that is the gas single-phase region.  With the above configuration, the temperature of 

the heat exchanger is lower in the windward bank than in the leeward bank portion in 

main-unit downstream section 31b, and accordingly, a temperature difference between 

air and refrigerant can be secured in the leeward bank portion.  The performance of 25 

the evaporator of heat exchanger 10 can thus be improved. 

[0053] In heat exchanger 10 according to Modification 1 of the present embodiment, 

main heat exchange unit 30 includes fifth main heat exchange region 315 and sixth 

main heat exchange region 316, and thus causes refrigerant in the gas-liquid two-phase 
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state and air to flow parallel to each other also in fifth main heat exchange region 315 

and sixth main heat exchange region 316.  Since main heat exchange unit 30 includes 

fifth main heat exchange region 315 and sixth main heat exchange region 316, fifth 

main heat exchange region 315 and sixth main heat exchange region 316 are caused to 

become the gas-liquid two-phase region (midstream portion), facilitating division into 5 

the gas-liquid two-phase region (midstream portion) and the gas single-phase region 

(downstream portion).  Main heat exchange unit 30 can be disposed in order of the 

upstream portion, midstream portion, and downstream portion in the flow of refrigerant 

to reduce a heat loss (heat conduction loss) between refrigerants which is generated as 

the heat of refrigerant flowing through each of adjacent heat transfer tubes 20 moves 10 

along fins 21. 

[0054] Next, heat exchanger 10 according to Modification 2 of the present embodiment 

will be described with reference to Fig. 7.  Fig. 7 is a schematic view showing an 

outline of heat exchanger 10 when auxiliary heat exchange unit 40 is divided into two 

auxiliary-unit sections 41 in heat exchanger 10.  As shown in Fig. 7, auxiliary heat 15 

exchange unit 40 is divided into auxiliary-unit section 41a and an auxiliary-unit section 

41b. 

[0055] It suffices that auxiliary heat exchange unit 40 is divided into one or more 

auxiliary-unit sections 41 in direction y in the figure.  Auxiliary-unit sections 41 are 

disposed such that refrigerant continuously flows through auxiliary-unit sections 41 via 20 

an auxiliary-unit refrigerant pipe component 70.  Auxiliary-unit refrigerant pipe 

component 70 is a refrigerant pipe component obtained by connecting a header 

collecting tube that collects refrigerant and a header dispensing tube that dispenses 

refrigerant by a pipe.  Auxiliary-unit refrigerant pipe component 70 is not limited 

thereto and may be a refrigerant pipe that connects the refrigerant flow paths of heat 25 

transfer tubes 20 to each other in series. 

[0056] Auxiliary heat exchange unit 40 further has a third auxiliary heat exchange 

region 413 and a fourth auxiliary heat exchange region 414.  Third auxiliary heat 

exchange region 413 and fourth auxiliary heat exchange region 414 constitute an 
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auxiliary-unit section 41b.  Third auxiliary heat exchange region 413 is disposed 

between first auxiliary heat exchange region 411 and first main heat exchange region 

311.  Fourth auxiliary heat exchange region 414 is disposed between second auxiliary 

heat exchange region 412 and second main heat exchange region 312. 

[0057] Auxiliary heat exchange unit 40 is configured to cause refrigerant to flow 5 

successively through first auxiliary heat exchange region 411, second auxiliary heat 

exchange region 412, third auxiliary heat exchange region 413, and fourth auxiliary 

heat exchange region 414 when heat exchanger 10 functions as an evaporator. 

[0058] When heat exchanger 10 functions as an evaporator, refrigerant flows 

successively through auxiliary-unit section 41a and auxiliary-unit section 41b in 10 

auxiliary heat exchange unit 40.  That is to say, in auxiliary heat exchange unit 40 of 

heat exchanger 10, auxiliary-unit section 41a is disposed most upstream in the flow of 

refrigerant of the evaporator.  Auxiliary-unit section 41a will be referred to as 

auxiliary-unit upstream section 41a as appropriate.  In auxiliary heat exchange unit 40 

of heat exchanger 10, auxiliary-unit section 41b is disposed most downstream in the 15 

flow of refrigerant of the evaporator.  Auxiliary-unit section 41b will be referred to as 

auxiliary-unit downstream section 41b as appropriate. 

[0059] As described above, when heat exchanger 10 functions as an evaporator, 

auxiliary heat exchange unit 40 is the gas-liquid two-phase region.  That is to say, 

refrigerant is located in the gas-liquid two-phase region in auxiliary-unit upstream 20 

section 41a and auxiliary-unit downstream section 41b. 

[0060] As shown in Fig. 7, when heat exchanger 10 functions as an evaporator, 

refrigerant flows into the windward bank portion and flows out of the leeward bank 

portion in auxiliary-unit upstream section 41a and auxiliary-unit downstream section 

41b.  Specifically, refrigerant flows from first auxiliary heat exchange region 411 25 

toward second auxiliary heat exchange region 412.  Refrigerant also flows from third 

auxiliary heat exchange region 413 toward fourth auxiliary heat exchange region 414.  

That is to say, when heat exchanger 10 functions as an evaporator, refrigerant and air 

flow parallel to each other in auxiliary-unit upstream section 41a and auxiliary-unit 



 - 19 - 

downstream section 41b that are the gas-liquid two-phase region.  With the above 

configuration, the temperature of the heat exchanger is lower in the leeward bank 

portion than in the windward bank portion in auxiliary-unit upstream section 41a and 

auxiliary-unit downstream section 41b, and accordingly, a temperature difference 

between air and refrigerant can be secured in the leeward bank portion.  The 5 

performance of the evaporator of heat exchanger 10 can thus be improved. 

[0061] In heat exchanger 10 according to Modification 2 of the present embodiment, 

auxiliary heat exchange unit 40 further has third auxiliary heat exchange region 413 

and fourth auxiliary heat exchange region 414, and thus causes refrigerant to flow in 

the gas-liquid two-phase state and air parallel to each other also in third auxiliary heat 10 

exchange region 413 and fourth auxiliary heat exchange region 414. 

[0062] Next, heat exchanger 10 according to Modification 3 of the present embodiment 

will be described with reference to Fig. 8.  Fig. 8 is a schematic view showing an 

outline of heat exchanger 10 when auxiliary heat exchange unit 40 is divided into three 

auxiliary-unit sections 41 in heat exchanger 10.  As shown in Fig. 8, auxiliary heat 15 

exchange unit 40 is divided into auxiliary-unit section 41a, auxiliary-unit section 41b, 

and an auxiliary-unit section 41c. 

[0063] Auxiliary heat exchange unit 40 further has a fifth auxiliary heat exchange 

region 415 and a sixth auxiliary heat exchange region 416.  Fifth auxiliary heat 

exchange region 415 and sixth auxiliary heat exchange region 416 constitute auxiliary-20 

unit section 41c.  Fifth auxiliary heat exchange region 415 is disposed between third 

auxiliary heat exchange region 413 and first main heat exchange region 311.  Sixth 

auxiliary heat exchange region 416 is disposed between fourth auxiliary heat exchange 

region 414 and second main heat exchange region 312. 

[0064] Auxiliary heat exchange unit 40 is configured to cause refrigerant to flow 25 

successively through first auxiliary heat exchange region 411, second auxiliary heat 

exchange region 412, third auxiliary heat exchange region 413, fourth auxiliary heat 

exchange region 414, fifth auxiliary heat exchange region 415, and sixth auxiliary heat 

exchange region 416 when heat exchanger 10 functions as an evaporator. 
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[0065] When heat exchanger 10 functions as an evaporator, refrigerant flows 

successively through auxiliary-unit section 41a, auxiliary-unit section 41c, and 

auxiliary-unit section 41b in auxiliary heat exchange unit 40.  That is to say, in 

auxiliary heat exchange unit 40 of heat exchanger 10, auxiliary-unit section 41a is 

disposed most upstream in the flow of refrigerant of the evaporator.  Auxiliary-unit 5 

section 41a will be referred to as auxiliary-unit upstream section 41a as appropriate.  

In auxiliary heat exchange unit 40 of heat exchanger 10, auxiliary-unit section 41b is 

disposed most downstream in the flow of refrigerant of the evaporator.  Auxiliary-unit 

section 41b will be referred to as auxiliary-unit downstream section 41b as appropriate.  

In auxiliary heat exchange unit 40 of heat exchanger 10, auxiliary-unit section 41c is 10 

disposed midstream between auxiliary-unit upstream section 41a and auxiliary-unit 

downstream section 41b in the flow of refrigerant of the evaporator.  Auxiliary-unit 

section 41c will be referred to as auxiliary-unit midstream section 41c as appropriate. 

[0066] Although auxiliary-unit midstream section 41c is formed of one auxiliary-unit 

section 41 with reference to Fig. 8, the present invention is not limited thereto, and 15 

auxiliary-unit section 41c may be formed of two or more auxiliary-unit sections 41. 

[0067] As described above, auxiliary heat exchange unit 40 is the gas-liquid two-phase 

region.  That is to say, refrigerant is located in the gas-liquid two-phase region in 

auxiliary-unit upstream section 41a, auxiliary-unit midstream section 41c, and 

auxiliary-unit downstream section 41b. 20 

[0068] As shown in Fig. 8, when heat exchanger 10 functions as an evaporator, 

refrigerant flows into the windward bank portion and flows out of the leeward bank 

portion in auxiliary-unit upstream section 41a, auxiliary-unit midstream section 41c, 

and auxiliary-unit downstream section 41b.  Specifically, refrigerant flows from first 

auxiliary heat exchange region 411 toward second auxiliary heat exchange region 412.  25 

Refrigerant also flows from third auxiliary heat exchange region 413 toward fourth 

auxiliary heat exchange region 414.  Refrigerant also flows from fifth auxiliary heat 

exchange region 415 toward sixth auxiliary heat exchange region 416.  That is to say, 

when heat exchanger 10 functions as an evaporator, refrigerant and air flow parallel to 
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each other in auxiliary-unit upstream section 41a, auxiliary-unit midstream section 41c, 

and auxiliary-unit downstream section 41b that are the gas-liquid two-phase region.  

With the above configuration, in auxiliary-unit upstream section 41a, auxiliary-unit 

midstream section 41c, and auxiliary-unit downstream section 41b, the temperature of 

the heat exchanger is lower in the leeward bank portion than in the windward bank 5 

portion, and accordingly, a temperature difference between air and refrigerant can be 

secured in the leeward bank portion.  The performance of the evaporator of heat 

exchanger 10 can thus be improved. 

[0069] The heat exchanger according to Modification 3 of the present embodiment, in 

which auxiliary heat exchange unit 40 further has fifth auxiliary heat exchange region 10 

415 and sixth auxiliary heat exchange region 416, can cause refrigerant in the gas-

liquid two-phase state and air to flow parallel to each other in fifth auxiliary heat 

exchange region 415 and sixth auxiliary heat exchange region 416.  Also, auxiliary 

heat exchange unit 40 can be disposed in order of the upstream portion, midstream 

portion, and downstream portion in the flow of refrigerant to reduce a heat loss 15 

(thermal conduction loss) between refrigerants which is generated as the heat of 

refrigerant flowing through each of adjacent heat transfer tubes 20 moves along fins 21. 

[0070] Embodiment 2 

 Heat exchanger 10 according to Embodiment 2 of the present invention will be 

described with reference to Fig. 9.  Heat exchangers 10 in Embodiments 2 and 3 20 

described below have the same components and effects as those of heat exchanger 10 

according to Embodiment 1 of the present invention, unless otherwise noted.  The 

same components as those of heat exchanger 10 according to the embodiment of the 

present invention will thus be denoted by the same references, description of which will 

not be repeated. 25 

[0071] Fig. 9 is a perspective view showing an outline of heat exchanger 10 according 

to Embodiment 2 of the present invention.  As shown in Fig. 9, in heat exchanger 10, 

heat transfer tubes 20 extending horizontally (direction z in the figure) are disposed 

parallel to each other vertically (direction y in the figure), and main-unit downstream 
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section 31b, main-unit midstream section 31c, main-unit upstream section 31a, 

auxiliary-unit downstream section 41b, auxiliary-unit midstream section 41c, and 

auxiliary-unit upstream section 41a are disposed in order from top to bottom. 

[0072] Auxiliary-unit upstream section 41a has first auxiliary heat exchange region 411.  

Main-unit upstream section 31a has a third main heat exchange region 313.  In main 5 

heat exchange unit 30 and auxiliary heat exchange unit 40, first auxiliary heat exchange 

region 411 serves as an inlet of refrigerant, and third main heat exchange region 313 

serves as the outlet of refrigerant.  Heat transfer tubes 20 are disposed to extend 

horizontally.  Thus, main heat exchange unit 30 and auxiliary heat exchange unit 40 

can be longitudinally positioned (vertically positioned). 10 

[0073] As shown in Fig. 9, heat transfer tubes 20 of heat exchanger 10 are flat multi-

hole tubes each of which has a flat-shaped outer shell and has a plurality of refrigerant 

flow paths formed therein.  Alternatively, heat transfer tubes 20 are not limited thereto, 

and may be a circular tube having a refrigerant flow path with grooves formed therein. 

[0074] Next, the function and effect of heat exchanger 10 according to the present 15 

embodiment will be described. 

 In heat exchanger 10 according to the present embodiment, in main heat 

exchange unit 30 and auxiliary heat exchange unit 40, first auxiliary heat exchange 

region 411 serves as the inlet of refrigerant, and third main heat exchange region 313 

serves as the outlet of refrigerant.  When the inlet and outlet of refrigerant are adjacent 20 

to each other, heat exchange occurs between refrigerants due to a refrigerant 

temperature difference, so that the heat of the refrigerant may not be conducted to air 

satisfactorily.  In heat exchanger 10 according to the present embodiment, first 

auxiliary heat exchange region 411 of auxiliary-unit upstream section 41a, which 

serves as the inlet of refrigerant, and third main heat exchange region 313 of main-unit 25 

downstream section 31b, which serves as the outlet of refrigerant, are disposed apart 

from each other.  This can prevent heat exchange occurring between refrigerants, so 

that the heat of refrigerant can be conducted to air satisfactorily.  The performance of 

the heat exchange of heat exchanger 10 can thus be improved. 
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[0075] In heat exchanger 10 according to the present embodiment, heat transfer tubes 

20 are disposed to extend horizontally, so that main heat exchange unit 30 and auxiliary 

heat exchange unit 40 can be vertically positioned. 

[0076] Embodiment 3 

 Heat exchanger 10 according to Embodiment 3 of the present invention will be 5 

described with reference to Fig. 10.  Fig. 10 is a perspective view showing an outline 

of heat exchanger 10 according to Embodiment 3 of the present invention.  As shown 

in Fig. 10, in heat exchanger 10, heat transfer tubes 20 extending vertically (direction z 

in the figure) are disposed parallel to each other in the horizontal direction (direction y 

in the figure), and main-unit downstream section 31b, main-unit midstream section 31c, 10 

main-unit upstream section 31a, auxiliary-unit downstream section 41b, auxiliary-unit 

midstream section 41c, and auxiliary-unit upstream section 41a are disposed in order 

from one side to the other side in direction y in the figure.  Heat transfer tubes 20 are 

disposed to extend vertically.  Thus, main heat exchange unit 30 and auxiliary heat 

exchange unit 40 can be transversely positioned (horizontally positioned). 15 

[0077] As shown in Fig. 10, each of heat transfer tubes 20 of heat exchanger 10 has a 

flat-shaped outer shell and have a plurality of refrigerant flow paths formed therein.  

Heat transfer tubes 20 are not limited thereto and may be a circular tube having a 

refrigerant flow path in which a groove is formed. 

[0078] Next, the function and effect of heat exchanger 10 according to the present 20 

embodiment will be described. 

 Similarly to heat exchanger 10 according to Embodiment 2, also in heat 

exchanger 10 according to the present embodiment, first auxiliary heat exchange region 

411 of auxiliary-unit upstream section 41a which serves as an inlet of refrigerant and 

third main heat exchange region 313 of main-unit downstream section 31b which 25 

serves as an outlet of refrigerant are disposed apart from each other.  Consequently, 

heat exchange occurring between refrigerants can be prevented, satisfactorily 

conducting the heat of the refrigerant to the air.  The heat exchange performance of 

heat exchanger 10 can thus be improved. 
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[0079] In heat exchanger 10 according to the present embodiment, heat transfer tubes 

20 are disposed to extend vertically.  Main heat exchange unit 30 and auxiliary heat 

exchange unit 40 can thus be transversely positioned. 

[0080] It should be understood that the embodiments disclosed herein are illustrative 

and non-restrictive in every respect.  The scope of the present invention is defined by 5 

the terms of the claims, rather than the description above, and is intended to include any 

modifications within the meaning and scope equivalent to the terms of the claims. 

REFERENCE SIGNS LIST 

[0081] 1 air conditioning apparatus,  2 compressor,  3 four-way valve,  4 indoor 

heat exchanger,  5 indoor blower,  6 throttle device,  7 outdoor blower,  8 10 

controller,  10 outdoor heat exchanger,  11 heat exchange bank portion,  20 heat 

transfer tube,  21 fin,  30 main heat exchange unit,  31 main-unit section,  40 

auxiliary heat exchange unit,  41 auxiliary-unit section,  50 dispenser,  60 main-unit 

refrigerant pipe component,  70 auxiliary-unit refrigerant pipe component,  311 first 

main heat exchange region,  312 second main heat exchange region,  313 third main 15 

heat exchange region,  314 fourth main heat exchange region,  315 fifth main heat 

exchange region,  316 sixth main heat exchange region,  411 first auxiliary heat 

exchange region,  412 second auxiliary heat exchange region,  413 third auxiliary 

heat exchange region,  414 fourth auxiliary heat exchange region,  415 fifth auxiliary 

heat exchange region,  416 sixth auxiliary heat exchange region. 20 
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CLAIMS 

 

 1.  A heat exchanger having a plurality of heat transfer tubes for heat exchange 

between refrigerant flowing inside the plurality of heat transfer tubes and air flowing 

outside the plurality of heat transfer tubes, the heat exchanger comprising: 5 

 an auxiliary heat exchange unit having 

  a first auxiliary heat exchange region, and 

  a second auxiliary heat exchange region facing the first auxiliary heat 

exchange region in a flow direction in which the air flows; and 

 a main heat exchange unit having 10 

  a first main heat exchange region, 

  a second main heat exchange region facing the first main heat exchange 

region in the flow direction, 

  a third main heat exchange region disposed opposite to the first auxiliary 

heat exchange region across the first main heat exchange region, and 15 

  a fourth main heat exchange region facing the third main heat exchange 

region in the flow direction and disposed opposite to the second auxiliary heat 

exchange region across the second main heat exchange region, wherein 

 the plurality of heat transfer tubes of each of the first auxiliary heat exchange 

region and the second auxiliary heat exchange region are fewer than the plurality of 20 

heat transfer tubes of each of the first main heat exchange region, the second main heat 

exchange region, the third main heat exchange region, and the fourth main heat 

exchange region, 

 the first auxiliary heat exchange region, the first main heat exchange region, and 

the third main heat exchange region are disposed windward of the second auxiliary heat 25 

exchange region, the second main heat exchange region, and the fourth main heat 

exchange region, respectively, in the flow direction, and 

 the auxiliary heat exchange unit and the main heat exchange unit are configured 

to cause the refrigerant to flow successively through the first auxiliary heat exchange 
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region, the second auxiliary heat exchange region, the first main heat exchange region, 

the second main heat exchange region, the fourth main heat exchange region, and the 

third main heat exchange region when the heat exchanger functions as an evaporator. 

 

 2.  The heat exchanger according to claim 1, wherein 5 

 the main heat exchange unit has 

  a fifth main heat exchange region disposed between the first main heat 

exchange region and the third main heat exchange region, and 

  a sixth main heat exchange region disposed between the second main 

heat exchange region and the fourth main heat exchange region, and 10 

 the main heat exchange unit is configured to cause the refrigerant to flow 

successively through the first main heat exchange region, the second main heat 

exchange region, the fifth main heat exchange region, the sixth main heat exchange 

region, the fourth main heat exchange region, and the third main heat exchange region 

when the heat exchanger functions as the evaporator. 15 

 

 3.  The heat exchanger according to claim 1 or 2, wherein 

 the auxiliary heat exchange unit has 

  a third auxiliary heat exchange region disposed between the first 

auxiliary heat exchange region and the first main heat exchange region, and 20 

  a fourth auxiliary heat exchange region disposed between the second 

auxiliary heat exchange region and the second main heat exchange region, and 

 the auxiliary heat exchange unit is configured to cause the refrigerant to flow 

successively through the first auxiliary heat exchange region, the second auxiliary heat 

exchange region, the third auxiliary heat exchange region, and the fourth auxiliary heat 25 

exchange region when the heat exchanger functions as the evaporator. 

 

 4.  The heat exchanger according to claim 3, wherein 

 the auxiliary heat exchange unit has 
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  a fifth auxiliary heat exchange region disposed between the third 

auxiliary heat exchange region and the first main heat exchange region, and 

  a sixth auxiliary heat exchange region disposed between the fourth 

auxiliary heat exchange region and the second main heat exchange region, and 

 the auxiliary heat exchange unit is configured to cause the refrigerant to flow 5 

successively through the first auxiliary heat exchange region, the second auxiliary heat 

exchange region, the third auxiliary heat exchange region, the fourth auxiliary heat 

exchange region, the fifth auxiliary heat exchange region, and the sixth auxiliary heat 

exchange region when the heat exchanger functions as the evaporator. 

 10 

 5.  The heat exchanger according to any one of claims 1 to 4, wherein the 

plurality of heat transfer tubes are disposed to extend horizontally. 

 

 6.  The heat exchanger according to any one of claims 1 to 4, wherein the 

plurality of heat transfer tubes are disposed to extend vertically. 15 

 

 7.  The heat exchanger according to any one of claims 1 to 6, wherein in the 

main heat exchange unit and the auxiliary heat exchange unit, the first auxiliary heat 

exchange region serves as an inlet of the refrigerant, and the third main heat exchange 

region serves as an outlet of the refrigerant. 20 

 

 8.  A refrigeration cycle apparatus comprising: 

 a heat exchanger according to any one of claims 1 to 7; 

 a compressor for compressing the refrigerant that flows into the heat exchanger; 

and 25 

 a blower for causing the air to flow to the heat exchanger. 




