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(54) AIR CONDITIONER

(57) An air-conditioner (100) is provided with a refrig-
erant circuit (RC) and an indoor fan (10). The refrigerant
circuit (RC) has a compressor (1), a first four-way valve
(2), an outdoor heat exchanger (3), a first expansion valve
(4), a second four-way valve (5), a third four-way valve
(6), an indoor heat exchanger (7), and a second expan-
sion valve (8), and is configured to circulate refrigerant.
The indoor fan (10) is configured to send air to the indoor
heat exchanger (7). The indoor heat exchanger (7) has
a first heat exchange portion (7a) and a second heat ex-
change portion (7b). During a cooling operation, in the
first heat exchange portion (7a) and the second heat ex-
change portion (7b), a flow of refrigerant with respect to
a flow of air sent by the indoor fan (10) is a parallel flow.
In a reheating dehumidification operation, in the first heat
exchange portion (7a), the flow of refrigerant with respect
to the flow of air is the parallel flow, and in the second
heat exchange portion (7b), the flow of refrigerant with
respect to the flow of air is a counterflow.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an air-condi-
tioner.

BACKGROUND ART

[0002] An air-conditioner capable of performing both
of a cooling operation and a reheating dehumidification
operation has conventionally been proposed. Such an
air-conditioner is described, for example, in Japanese
Patent Laying-Open No. 2020-125855 (PTL 1). In the air-
conditioner described in this literature, a four-way valve
provided in a refrigerant circuit switches a flow path of
refrigerant so that an orientation of refrigerant that flows
in an indoor heat exchanger is different between the cool-
ing operation and the reheating dehumidification opera-
tion. In the air-conditioner described in this literature, the
indoor heat exchanger is divided into a plurality of heat
exchange portions and an expansion valve is provided
between the plurality of divided heat exchange portions.

CITATION LIST

PATENT LITERATURE

[0003] PTL 1: Japanese Patent Laying-Open No.
2020-125855

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] A heat exchanger is normally designed such
that, when the heat exchanger is used as an evaporator,
air that flows on the outside of the heat exchanger and
refrigerant that flows in the inside of the heat exchanger
are parallel flows with orientations thereof being the
same, for the following reason. In an evaporator where
low-pressure gas-liquid two-phase refrigerant or gas-
phase refrigerant flows, a density of refrigerant is low and
a flow velocity of refrigerant is high. Therefore, pressure
loss in the evaporator is greater than pressure loss in a
condenser. Accordingly, a saturation temperature at an
outlet of the evaporator is lower than a saturation tem-
perature at an inlet of the evaporator. Therefore, in an
example where air and refrigerant flow as parallel flows,
a temperature of refrigerant becomes lower with cooling
of air, and hence the temperature at the outlet is lower
than in an example where air and refrigerant flow as coun-
terflows. Air can thus efficiently be cooled.
[0005] In a reheating dehumidification operation of the
air-conditioner described in the literature, in each of the
plurality of heat exchange portions of the indoor heat ex-
changer, air and refrigerant flow as counterflows. There-
fore, also in the heat exchange portion used also as the

evaporator, air and refrigerant flow as counterflows.
Since air can thus not efficiently be cooled, sufficient de-
humidification cannot be achieved.
[0006] The present disclosure was made in view of the
problems above, and an object thereof is to provide an
air-conditioner capable of sufficient dehumidification in a
reheating dehumidification operation.

SOLUTION TO PROBLEM

[0007] An air-conditioner in the present disclosure is
provided with a refrigerant circuit and an indoor fan. The
refrigerant circuit has a compressor, a first four-way
valve, an outdoor heat exchanger, a first expansion
valve, a second four-way valve, a third four-way valve,
an indoor heat exchanger, and a second expansion
valve, and is configured to circulate refrigerant. The in-
door fan is configured to send air to the indoor heat ex-
changer. The indoor heat exchanger has a first heat ex-
change portion and a second heat exchange portion. The
first four-way valve, the second four-way valve, and the
third four-way valve are switched to allow refrigerant to
flow through the refrigerant circuit in an order of the com-
pressor, the first four-way valve, the outdoor heat ex-
changer, the first expansion valve, the second four-way
valve, the third four-way valve, the first heat exchange
portion, the third four-way valve, the second expansion
valve, the second heat exchange portion, the second
four-way valve, and the first four-way valve during a cool-
ing operation. The first four-way valve, the second four-
way valve, and the third four-way valve are switched to
allow refrigerant to flow through the refrigerant circuit in
an order of the compressor, the first four-way valve, the
outdoor heat exchanger, the first expansion valve, the
second four-way valve, the second heat exchange por-
tion, the second expansion valve, the third four-way
valve, the first heat exchange portion, the third four-way
valve, the second four-way valve, and the first four-way
valve during a reheating dehumidification operation. Dur-
ing the cooling operation, in the first heat exchange por-
tion and the second heat exchange portion, a flow of re-
frigerant with respect to a flow of air sent by the indoor
fan is a parallel flow. During the reheating dehumidifica-
tion operation, in the first heat exchange portion, the flow
of refrigerant with respect to the flow of air is a parallel
flow, and in the second heat exchange portion, the flow
of refrigerant with respect to the flow of air is a counter-
flow.

ADVANTAGEOUS EFFECTS OF INVENTION

[0008] According to the present disclosure, during the
reheating dehumidification operation, in the first heat ex-
change portion, the flow of refrigerant with respect to the
flow of air is the parallel flow. Therefore, sufficient dehu-
midification can be achieved in the reheating dehumidi-
fication operation.
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BRIEF DESCRIPTION OF DRAWINGS

[0009]

Fig. 1 is a diagram of a refrigerant circuit during a
cooling operation of an air-conditioner according to
a first embodiment.
Fig. 2 is a pressure-enthalpy diagram during the
cooling operation of the air-conditioner according to
the first embodiment.
Fig. 3 is a diagram of the refrigerant circuit during a
reheating dehumidification operation of the air-con-
ditioner according to the first embodiment.
Fig. 4 is a pressure-enthalpy diagram during the re-
heating dehumidification operation of the air-condi-
tioner according to the first embodiment.
Fig. 5 is a diagram of the refrigerant circuit during a
heating operation of the air-conditioner according to
the first embodiment.
Fig. 6 is a cross-sectional view schematically show-
ing a construction during the cooling operation, of an
indoor unit of the air-conditioner according to the first
embodiment.
Fig. 7 is a cross-sectional view schematically show-
ing a construction during the reheating dehumidifi-
cation operation, of the indoor unit of the air-condi-
tioner according to the first embodiment.
Fig. 8 is a diagram of the refrigerant circuit during
the cooling operation of the air-conditioner according
to a second embodiment.
Fig. 9 is a diagram of the refrigerant circuit during
the reheating dehumidification operation of the air-
conditioner according to the second embodiment.
Fig. 10 is a diagram of the refrigerant circuit during
the heating operation of the air-conditioner accord-
ing to the second embodiment.

DESCRIPTION OF EMBODIMENTS

[0010] An embodiment will be described below with
reference to the drawings. The same or corresponding
elements below have the same reference characters al-
lotted and description thereof will not be repeated.

First Embodiment.

[0011] A construction of an air-conditioner 100 accord-
ing to a first embodiment will be described with reference
to Fig. 1.
[0012] As shown in Fig. 1, air-conditioner 100 is pro-
vided with a refrigerant circuit RC, an outdoor fan 9, an
indoor fan 10, and a control device 11. Refrigerant circuit
RC has a compressor 1, a first four-way valve 2, an out-
door heat exchanger 3, a first expansion valve 4, a sec-
ond four-way valve 5, a third four-way valve 6, an indoor
heat exchanger 7, a second expansion valve 8, and a
pipe P. Indoor heat exchanger 7 has a first heat exchange
portion 7a and a second heat exchange portion 7b. Pipe

P includes a first extension pipe P1 and a second exten-
sion pipe P2.
[0013] Refrigerant circuit RC is constructed by connec-
tion of compressor 1, first four-way valve 2, outdoor heat
exchanger 3, first expansion valve 4, second four-way
valve 5, third four-way valve 6, indoor heat exchanger 7,
and second expansion valve 8 through pipe P. Refriger-
ant circuit RC is constructed to circulate refrigerant.
[0014] Air-conditioner 100 includes an outdoor unit 101
and an indoor unit 102. Outdoor unit 101 and indoor unit
102 are connected to each other through first extension
pipe P1 and second extension pipe P2. Compressor 1,
first four-way valve 2, outdoor heat exchanger 3, first ex-
pansion valve 4, second four-way valve 5, outdoor fan
9, and control device 11 are accommodated in outdoor
unit 101. Third four-way valve 6, indoor heat exchanger
7, second expansion valve 8, and indoor fan 10 are ac-
commodated in indoor unit 102.
[0015] Compressor 1 is constructed to compress re-
frigerant. Compressor 1 is constructed to compress and
discharge suctioned refrigerant. Compressor 1 is, for ex-
ample, of a variable displacement type. Compressor 1 is
constructed as being variable in capacity, for example,
by adjustment of the number of rotations of compressor
1 based on an instruction from control device 11.
[0016] First four-way valve 2 is connected to an inlet
and an outlet of compressor 1, outdoor heat exchanger
3, and second four-way valve 5. First four-way valve 2 is
constructed to switch a flow of refrigerant such that re-
frigerant compressed by compressor 1 flows to outdoor
heat exchanger 3 or indoor heat exchanger 7. When first
four-way valve 2 switches the flow of refrigerant such that
refrigerant compressed by compressor 1 flows to indoor
heat exchanger 7, refrigerant flows from first four-way
valve 2 through second four-way valve 5 to indoor heat
exchanger 7.
[0017] First four-way valve 2 is constructed to allow
refrigerant discharged from compressor 1 to flow to out-
door heat exchanger 3 during a cooling operation and a
reheating dehumidification operation. First four-way
valve 2 is constructed to allow refrigerant discharged
from compressor 1 to flow to indoor heat exchanger 7
during a heating operation.
[0018] Outdoor heat exchanger 3 is constructed to ex-
change heat between refrigerant that flows in the inside
of outdoor heat exchanger 3 and air that flows on the
outside of outdoor heat exchanger 3. Outdoor heat ex-
changer 3 is constructed to function as a condenser that
condenses refrigerant during the cooling operation and
the reheating dehumidification operation. Outdoor heat
exchanger 3 is constructed to function as an evaporator
that evaporates refrigerant during the heating operation.
Outdoor heat exchanger 3 is, for example, a finned tube
heat exchanger having a plurality of fins and a heat trans-
fer tube that passes through the plurality of fins.
[0019] First expansion valve 4 is constructed to de-
compress by expanding, refrigerant condensed by the
condenser. First expansion valve 4 is constructed to de-
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compress refrigerant condensed by outdoor heat ex-
changer 3 during the cooling operation and the reheating
dehumidification operation. First expansion valve 4 is
constructed to decompress refrigerant condensed by in-
door heat exchanger 7 during the heating operation. For
example, a solenoid expansion valve is employed as the
first expansion valve.
[0020] Second four-way valve 5 is connected to first
four-way valve 2, first expansion valve 4, third four-way
valve 6, and second heat exchange portion 7b of indoor
heat exchanger 7. Second four-way valve 5 is construct-
ed to switch the flow of refrigerant such that refrigerant
that flows out of first expansion valve 4 flows through
third four-way valve 6 to first heat exchange portion 7a
of indoor heat exchanger 7 and refrigerant that flows out
of second heat exchange portion 7b of indoor heat ex-
changer 7 flows to first four-way valve 2 during the cooling
operation.
[0021] Second four-way valve 5 is constructed to
switch the flow of refrigerant such that refrigerant that
flows out of first expansion valve 4 flows to second heat
exchange portion 7b of indoor heat exchanger 7 and re-
frigerant that flows out of first heat exchange portion 7a
of indoor heat exchanger 7 and passes through third four-
way valve 6 flows to first four-way valve 2 during the
reheating dehumidification operation.
[0022] Second four-way valve 5 is constructed to
switch the flow of refrigerant such that refrigerant that is
discharged from compressor 1 and passes through first
four-way valve 2 flows to second heat exchange portion
7b of indoor heat exchanger 7 and refrigerant that flows
out of first heat exchange portion 7a of indoor heat ex-
changer 7 and passes through third four-way valve 6
flows to first expansion valve 4 during the heating oper-
ation.
[0023] Third four-way valve 6 is connected to second
four-way valve 5, an inlet and an outlet of first heat ex-
change portion 7a of indoor heat exchanger 7, and sec-
ond expansion valve 8. Third four-way valve 6 is con-
structed to switch the flow of refrigerant such that refrig-
erant that flows out of second four-way valve 5 flows to
a heat transfer tube on a windward side of first heat ex-
change portion 7a and refrigerant that flows out of a heat
transfer tube on a leeward side of first heat exchange
portion 7a flows through second expansion valve 8 to a
heat transfer tube on the windward side of second heat
exchange portion 7b of indoor heat exchanger 7 during
the cooling operation.
[0024] Third four-way valve 6 is constructed to switch
the flow of refrigerant such that refrigerant that flows out
of second expansion valve 8 flows to the heat transfer
tube on the windward side of first heat exchange portion
7a and refrigerant that flows out of the heat transfer tube
on the leeward side of first heat exchange portion 7a
flows to second four-way valve 5 during the reheating
dehumidification operation.
[0025] Third four-way valve 6 is constructed to switch
the flow of refrigerant such that refrigerant that flows out

of second expansion valve 8 flows to the heat transfer
tube on the leeward side of first heat exchange portion
7a and refrigerant that flows out of the heat transfer tube
on the windward side of first heat exchange portion 7a
flows to second four-way valve 5 during the heating op-
eration.
[0026] Indoor heat exchanger 7 is constructed to ex-
change heat between refrigerant that flows in the inside
of indoor heat exchanger 7 and air that flows on the out-
side of indoor heat exchanger 7. Indoor heat exchanger
7 is constructed to function as the evaporator that evap-
orates refrigerant during the cooling operation. Both of
first heat exchange portion 7a and second heat exchange
portion 7b are constructed to function as the evaporator
that evaporates refrigerant during the cooling operation.
[0027] Indoor heat exchanger 7 is constructed to func-
tion as the evaporator that evaporates refrigerant and
the condenser that condenses refrigerant during the re-
heating dehumidification operation. First heat exchange
portion 7a is constructed to function as the evaporator
that evaporates refrigerant during the reheating dehu-
midification operation. Second heat exchange portion 7b
is constructed to function as the condenser that condens-
es refrigerant during the reheating dehumidification op-
eration.
[0028] Indoor heat exchanger 7 is constructed to func-
tion as the condenser that condenses refrigerant during
the heating operation. Both of first heat exchange portion
7a and second heat exchange portion 7b are constructed
to function as the condenser that condenses refrigerant
during the heating operation.
[0029] Indoor heat exchanger 7 is, for example, a
finned tube heat exchanger having a plurality of fins and
a heat transfer tube that passes through the plurality of
fins.
[0030] First heat exchange portion 7a and second heat
exchange portion 7b are arranged as being aligned in a
direction of flow of air sent by indoor fan 10. First heat
exchange portion 7a is arranged on the windward side
relative to second heat exchange portion 7b in the flow
of air sent by indoor fan 10. Second heat exchange por-
tion 7b is arranged on the leeward side relative to first
heat exchange portion 7a in the flow of air sent by indoor
fan 10.
[0031] First heat exchange portion 7a has the heat
transfer tube on the windward side and the heat transfer
tube on the leeward side. The heat transfer tube on the
windward side is connected to the heat transfer tube of
the leeward side. First heat exchange portion 7a is con-
structed such that refrigerant flows from the heat transfer
tube on the windward side to the heat transfer tube on
the leeward side during the cooling operation and the
reheating dehumidification operation. During the cooling
operation and the reheating dehumidification operation,
refrigerant and air that flow in first heat exchange portion
7a flow as parallel flows. First heat exchange portion 7a
is constructed such that refrigerant flows from the heat
transfer tube on the leeward side to the heat transfer tube
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on the windward side during the heating operation. Dur-
ing the heating operation, refrigerant and air that flow in
first heat exchange portion 7a flow as counterflows.
[0032] Second heat exchange portion 7b has the heat
transfer tube on the windward side and a heat transfer
tube on the leeward side. The heat transfer tube on the
windward side is connected to the heat transfer tube on
the leeward side. Second heat exchange portion 7b is
constructed such that refrigerant flows from the heat
transfer tube on the windward side to the heat transfer
tube on the leeward side during the cooling operation.
During the cooling operation, refrigerant and air that flow
in second heat exchange portion 7b flow as parallel flows.
Second heat exchange portion 7b is constructed such
that refrigerant flows from the heat transfer tube on the
leeward side to the heat transfer tube on the windward
side during the reheating dehumidification operation and
the heating operation. During the reheating dehumidifi-
cation operation and the heating operation, refrigerant
and air that flow in second heat exchange portion 7b flow
as counterflows.
[0033] Second expansion valve 8 is constructed to de-
compress refrigerant condensed in second heat ex-
change portion 7b of indoor heat exchanger 7 during the
reheating dehumidification operation. Second expansion
valve 8 is constructed to suppress decompression of re-
frigerant by increasing an opening of the valve during the
cooling operation and the heating operation. For exam-
ple, a solenoid expansion valve is employed as second
expansion valve 8.
[0034] First four-way valve 2, second four-way valve
5, and third four-way valve 6 are switched such that re-
frigerant flows through refrigerant circuit RC in the order
of compressor 1, first four-way valve 2, outdoor heat ex-
changer 3, first expansion valve 4, second four-way valve
5, third four-way valve 6, first heat exchange portion 7a,
third four-way valve 6, second expansion valve 8, second
heat exchange portion 7b, second four-way valve 5, and
first four-way valve 2 during the cooling operation.
[0035] First four-way valve 2, second four-way valve
5, and third four-way valve 6 are switched such that re-
frigerant flows through refrigerant circuit RC in the order
of compressor 1, first four-way valve 2, outdoor heat ex-
changer 3, first expansion valve 4, second four-way valve
5, second heat exchange portion 7b, second expansion
valve 8, third four-way valve 6, first heat exchange portion
7a, third four-way valve 6, second four-way valve 5, and
first four-way valve 2 during the reheating dehumidifica-
tion operation.
[0036] First four-way valve 2, second four-way valve
5, and third four-way valve 6 are switched such that re-
frigerant flows through refrigerant circuit RC in the order
of compressor 1, first four-way valve 2, second four-way
valve 5, second heat exchange portion 7b, second ex-
pansion valve 8, third four-way valve 6, first heat ex-
change portion 7a, third four-way valve 6, second four-
way valve 5, first expansion valve 4, outdoor heat ex-
changer 3, and first four-way valve 2 during the heating

operation.
[0037] Outdoor fan 9 is constructed to send air to out-
door heat exchanger 3. In other words, outdoor fan 9 is
constructed to supply outdoor air to outdoor heat ex-
changer 3.
[0038] Indoor fan 10 is constructed to send air to indoor
heat exchanger 7. In other words, indoor fan 10 is con-
structed to supply indoor air to indoor heat exchanger 7.
[0039] During the cooling operation, in first heat ex-
change portion 7a and second heat exchange portion
7b, the flow of refrigerant with respect to the flow of air
sent by indoor fan 10 is the parallel flow. During the re-
heating dehumidification operation, in first heat ex-
change portion 7a, the flow of refrigerant with respect to
the flow of air sent by indoor fan 10 is the parallel flow,
and in second heat exchange portion 7b, the flow of re-
frigerant with respect to the flow of air is the counterflow.
During the heating operation, in first heat exchange por-
tion 7a and second heat exchange portion 7b, the flow
of refrigerant with respect to the flow of air sent by indoor
fan 10 is the counterflow.
[0040] Control device 11 is configured to control each
device in air-conditioner 100 by performing computation
and giving an instruction. Control device 11 is electrically
connected to compressor 1, first four-way valve 2, first
expansion valve 4, second four-way valve 5, third four-
way valve 6, second expansion valve 8, outdoor fan 9,
indoor fan 10, and the like and configured to control op-
erations thereof.
[0041] Operations of air-conditioner 100 according to
the first embodiment will now be described with reference
to Figs. 1 to 5. In Figs. 1 to 5, a solid arrow shows a flow
of refrigerant and a hollow arrow shows a flow of air. Air-
conditioner 100 according to the first embodiment can
selectively perform the cooling operation, the reheating
dehumidification operation, and the heating operation.
[0042] The cooling operation performed by air-condi-
tioner 100 will be described with reference to Figs. 1 and
2. During the cooling operation, refrigerant circulates
through refrigerant circuit RC in the order of compressor
1, first four-way valve 2, outdoor heat exchanger 3, first
expansion valve 4, second four-way valve 5, third four-
way valve 6, first heat exchange portion 7a of indoor heat
exchanger 7, third four-way valve 6, second expansion
valve 8, second heat exchange portion 7b of indoor heat
exchanger 7, second four-way valve 5, and first four-way
valve 2.
[0043] High-pressure gas refrigerant discharged from
compressor 1 flows into outdoor heat exchanger 3
through first four-way valve 2. In outdoor heat exchanger
3, heat is exchanged between high-pressure gas refrig-
erant and air sent by outdoor fan 9, so that refrigerant
radiates heat and changes to liquid refrigerant. Liquid
refrigerant flows from outdoor heat exchanger 3 into first
expansion valve 4. In first expansion valve 4, liquid re-
frigerant is decompressed and becomes gas-liquid two-
phase refrigerant.
[0044] Gas-liquid two-phase refrigerant flows into sec-

7 8 



EP 4 321 820 A1

6

5

10

15

20

25

30

35

40

45

50

55

ond four-way valve 5 from first expansion valve 4. In the
cooling operation, a flow path in second four-way valve
5 is switched to connect first expansion valve 4 and first
extension pipe P1 to each other. Gas-liquid two-phase
refrigerant passes through first extension pipe P1 from
second four-way valve 5 and flows into third four-way
valve 6. In third four-way valve 6, the flow path is switched
to connect first extension pipe P1 and the heat transfer
tube on the windward side of first heat exchange portion
7a of indoor heat exchanger 7 to each other.
[0045] Heat is exchanged between refrigerant that
flows into the heat transfer tube on the windward side of
first heat exchange portion 7a of indoor heat exchanger
7 and air sent by indoor fan 10 and thereafter refrigerant
flows out of the heat transfer tube on the leeward side of
first heat exchange portion 7a. At this time, air that flows
on the outside of first heat exchange portion 7a and re-
frigerant that flows in the inside of first heat exchange
portion 7a are in the same orientation. In other words, in
first heat exchange portion 7a, the flow of refrigerant with
respect to the flow of air is the parallel flow.
[0046] Refrigerant flows again into third four-way valve
6 from first heat exchange portion 7a and thereafter flows
into second expansion valve 8. In the cooling operation,
the opening of second expansion valve 8 is set to in-
crease. Therefore, since the pressure loss of refrigerant
is less likely in second expansion valve 8, refrigerant
flows as it is into the heat transfer tube on the windward
side of second heat exchange portion 7b of indoor heat
exchanger 7 from second expansion valve 8.
[0047] Air cooled in first heat exchange portion 7a is
sent to second heat exchange portion 7b. At this time,
air that flows on the outside of second heat exchange
portion 7b and refrigerant that flows in the inside of sec-
ond heat exchange portion 7b are in the same orientation.
In other words, in second heat exchange portion 7b, the
flow of refrigerant with respect to the flow of air is the
parallel flow.
[0048] Gas refrigerant that has evaporated in second
heat exchange portion 7b flows from second heat ex-
change portion 7b through second extension pipe P2 into
second four-way valve 5. In second four-way valve 5, the
flow path is switched to connect second extension pipe
P2 and first four-way valve 2 to each other. Gas refrig-
erant flows from second four-way valve 5 through first
four-way valve 2 into the inlet of compressor 1.
[0049] The reheating dehumidification operation per-
formed by air-conditioner 100 will be described with ref-
erence to Figs. 3 and 4. During the reheating dehumidi-
fication operation, refrigerant circulates through refriger-
ant circuit RC in the order of compressor 1, first four-way
valve 2, outdoor heat exchanger 3, first expansion valve
4, second four-way valve 5, second heat exchange por-
tion 7b of indoor heat exchanger 7, second expansion
valve 8, third four-way valve 6, first heat exchange portion
7a of indoor heat exchanger 7, third four-way valve 6,
second four-way valve 5, and first four-way valve 2.
[0050] In the reheating dehumidification operation,

second four-way valve 5 and third four-way valve 6 are
switched from a state thereof in the cooling operation
shown in Fig. 1. Liquid refrigerant that has exchanged
heat with air sent by outdoor fan 9 in outdoor heat ex-
changer 3 flows into first expansion valve 4. At this time,
by increasing the opening of first expansion valve 4 as
compared with the opening during the cooling operation,
the temperature of refrigerant at an outlet of first expan-
sion valve 4 can be higher than the temperature of indoor
air. Refrigerant flows from first expansion valve 4 into
second four-way valve 5.
[0051] In the reheating dehumidification operation, the
flow path in second four-way valve 5 is switched to con-
nect first expansion valve 4 and second extension pipe
P2 to each other. Refrigerant passes through second ex-
tension pipe P2 from second four-way valve 5 and flows
into second heat exchange portion 7b of indoor heat ex-
changer 7. Refrigerant flows from the heat transfer tube
on the leeward side to the heat transfer tube on the wind-
ward side in second heat exchange portion 7b of indoor
heat exchanger 7. In second heat exchange portion 7b,
refrigerant heats air cooled in first heat exchange portion
7a. At this time, air that flows on the outside of second
heat exchange portion 7b and refrigerant that flows in
the inside of second heat exchange portion 7b are in
orientations reverse to each other. In other words, in sec-
ond heat exchange portion 7b, the flow of refrigerant with
respect to the flow of air is the counterflow.
[0052] Refrigerant flows into second expansion valve
8 from second heat exchange portion 7b. Refrigerant is
decompressed in second expansion valve 8 and there-
after flows into third four-way valve 6. Refrigerant flows
from third four-way valve 6 into the heat transfer tube on
the windward side of first heat exchange portion 7a. Re-
frigerant flows from the heat transfer tube on the wind-
ward side to the heat transfer tube on the leeward side
in first heat exchange portion 7a. Refrigerant cools air in
first heat exchange portion 7a. At this time, air that flows
on the outside of first heat exchange portion 7a and re-
frigerant that flows in the inside of first heat exchange
portion 7a are in the same orientation. In other words, in
first heat exchange portion 7a, the flow of refrigerant with
respect to the flow of air is the parallel flow.
[0053] Refrigerant that has cooled indoor air flows
again into third four-way valve 6 from first heat exchange
portion 7a and then passes through first extension pipe
P1 and flows into second four-way valve 5. In second
four-way valve 5, the flow path is switched to connect
first extension pipe P1 and first four-way valve 2 to each
other. Refrigerant flows from second four-way valve 5
through first four-way valve 2 into the inlet of compressor
1.
[0054] The heating operation performed by air-condi-
tioner 100 will be described with reference to Fig. 5. Dur-
ing the heating operation, refrigerant circulates through
refrigerant circuit RC in the order of compressor 1, first
four-way valve 2, second four-way valve 5, second heat
exchange portion 7b of indoor heat exchanger 7, second
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expansion valve 8, third four-way valve 6, first heat ex-
change portion 7a of indoor heat exchanger 7, third four-
way valve 6, second four-way valve 5, first expansion
valve 4, outdoor heat exchanger 3, and first four-way
valve 2.
[0055] During the heating operation, first four-way
valve 2 is switched from the state thereof in the cooling
operation shown in Fig. 1. High-pressure gas refrigerant
discharged from compressor 1 flows through first four-
way valve 2 and second four-way valve 5 into second
heat exchange portion 7b of indoor heat exchanger 7.
Refrigerant is condensed in second heat exchange por-
tion 7b. Air that flows on the outside of second heat ex-
change portion 7b and refrigerant that flows in the inside
of second heat exchange portion 7b are in orientations
reverse to each other. In other words, in second heat
exchange portion 7b, the flow of refrigerant with respect
to the flow of air is the counterflow.
[0056] Refrigerant flows into second expansion valve
8 from second heat exchange portion 7b. In the heating
operation, the opening of second expansion valve 8 is
set to increase. Refrigerant flows from second expansion
valve 8 through third four-way valve 6 into first heat ex-
change portion 7a of indoor heat exchanger 7. Refriger-
ant is condensed in first heat exchange portion 7a. Air
that flows on the outside of first heat exchange portion
7a and refrigerant that flows in the inside of first heat
exchange portion 7a are in orientations reverse to each
other. In other words, in first heat exchange portion 7a,
the flow of refrigerant with respect to the flow of air is the
counterflow.
[0057] Refrigerant flows from first heat exchange por-
tion 7a through third four-way valve 6 and second four-
way valve 5 into first expansion valve 4. Refrigerant is
decompressed in first expansion valve 4. Refrigerant
flows into outdoor heat exchanger 3 from first expansion
valve 4. Refrigerant that has evaporated in outdoor heat
exchanger 3 flows through first four-way valve 2 into the
inlet of compressor 1.
[0058] A construction of indoor unit 102 of air-condi-
tioner 100 according to the first embodiment will now be
described with reference to Figs. 6 and 7. In Figs. 6 and
7, a solid arrow shows a flow of refrigerant and a hollow
arrow shows a flow of air. The construction of indoor unit
102 shown Figs. 6 and 7 is by way of example, and not
limited as such.
[0059] Indoor unit 102 includes a housing 102a. An
inlet 102b for intake of air is provided in a front surface
and an upper surface of housing 102a. An outlet 102c
for blowing air is provided in a lower surface of housing
102a. First heat exchange portion 7a is arranged such
that air suctioned through inlet 102b passes therethrough
before air passes through second heat exchange portion
7b. Second heat exchange portion 7b is arranged such
that air that has passed through first heat exchange por-
tion 7a passes therethrough. Indoor fan 10 is arranged
in the rear of second heat exchange portion 7b. For ex-
ample, a cross flow fan is employed as indoor fan 10. Air

that has passed through first heat exchange portion 7a,
second heat exchange portion 7b, and indoor fan 10 is
blown indoors through outlet 102c.
[0060] A function and effect of air-conditioner 100 ac-
cording to the first embodiment will now be described.
[0061] According to air-conditioner 100 according to
the first embodiment, during the reheating dehumidifica-
tion operation, in first heat exchange portion 7a, the flow
of refrigerant with respect to the flow of air is the parallel
flow. Therefore, in first heat exchange portion 7a that
functions as the evaporator during the reheating dehu-
midification operation, the flow of refrigerant with respect
to the flow of air can be the parallel flow. Air can thus
efficiently be cooled in first heat exchange portion 7a.
Therefore, sufficient dehumidification can be achieved in
the reheating dehumidification operation.
[0062] In addition, the cooling operation in which a sen-
sible heat factor (SHF) is controlled can be performed
owing to the reheating dehumidification operation.
[0063] Since first heat exchange portion 7a that func-
tions as the evaporator during the reheating dehumidifi-
cation operation and second heat exchange portion 7b
that functions as the condenser during the reheating de-
humidification operation are arranged along the direction
of flow of air, air does not have to separately be sent to
first heat exchange portion 7a and second heat exchange
portion 7b. Therefore, increase in input to indoor fan 10
can be suppressed.
[0064] Furthermore, during the reheating dehumidifi-
cation operation, in second heat exchange portion 7b
that functions as the condenser, the flow of refrigerant
with respect to the flow of air is the counterflow. There-
fore, performance of the condenser can be improved.

Second Embodiment.

[0065] Air-conditioner 100 according to a second em-
bodiment is identical in construction, operations, and
function and effect to air-conditioner 100 according to the
first embodiment, unless particularly described.
[0066] Air-conditioner 100 according to the second
embodiment is different from air-conditioner 100 accord-
ing to the first embodiment in position of second four-way
valve 5.
[0067] Air-conditioner 100 according to the second
embodiment will be described with reference to Figs. 8
to 10. As shown in Fig. 8, in air-conditioner 100 according
to the second embodiment, second four-way valve 5 is
accommodated in indoor unit 102. Refrigerant circuit RC
has first extension pipe P1 and second extension pipe
P2. First extension pipe P1 connects first expansion
valve 4 and second four-way valve 5 to each other. Sec-
ond extension pipe P2 connects first four-way valve 2
and second four-way valve 5 to each other. First exten-
sion pipe P1 is smaller in inner diameter than second
extension pipe P2.
[0068] As shown in Figs. 8 to 10, air-conditioner 100
according to the second embodiment operates in the
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cooling operation, the reheating dehumidification opera-
tion, and the heating operation similarly to air-conditioner
100 according to the first embodiment.
[0069] A function and effect of air-conditioner 100 ac-
cording to the second embodiment will now be described
as compared with air-conditioner 100 according to the
first embodiment.
[0070] In air-conditioner 100 according to the first em-
bodiment, during the cooling operation, low-pressure
gas-liquid two-phase refrigerant throttled down by first
expansion valve 4 that contains much liquid phase flows
into first extension pipe P1 and refrigerant flows into in-
door unit 102. During the reheating dehumidification op-
eration, low-pressure gas refrigerant that has exchanged
heat in indoor unit 102 flows into first extension pipe P1.
First extension pipe P1 is smaller in inner diameter than
second extension pipe P2, in expectation of flow of liquid
refrigerant or gas-liquid two-phase refrigerant that con-
tains much liquid phase. In the first embodiment, gas
refrigerant flows into first extension pipe P1 during the
reheating dehumidification operation. Since the flow ve-
locity of refrigerant is thus higher than that in an example
where liquid-phase refrigerant flows, the pressure loss
of refrigerant that occurs in the pipe increases.
[0071] According to air-conditioner 100 according to
the second embodiment, first extension pipe P1 connects
first expansion valve 4 and second four-way valve 5 to
each other. Second extension pipe P2 connects first four-
way valve 2 and second four-way valve 5 to each other.
First extension pipe P1 is smaller in inner diameter than
second extension pipe P2. Therefore, in both of the cool-
ing operation and the reheating dehumidification opera-
tion, gas-liquid two-phase refrigerant throttled down by
first expansion valve 4 flows into first extension pipe P1.
Therefore, occurrence of the pressure loss of refrigerant
can be suppressed as compared with the pressure loss
in an example where gas refrigerant flows through first
extension pipe P1 in the reheating dehumidification op-
eration.
[0072] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
every respect. The scope of the present disclosure is
defined by the terms of the claims rather than the de-
scription above and is intended to include any modifica-
tions within the scope and meaning equivalent to the
terms of the claims.

REFERENCE SIGNS LIST

[0073] 1 compressor; 2 first four-way valve; 3 outdoor
heat exchanger; 4 first expansion valve; 5 second four-
way valve; 6 third four-way valve; 7 indoor heat exchang-
er; 7a first heat exchange portion; 7b second heat ex-
change portion; 8 second expansion valve; 9 outdoor fan;
10 indoor fan; 11 control device; 100 air-conditioner; 101
outdoor unit; 102 indoor unit; 102a housing; 102b inlet;
102c outlet; P pipe; P1 first extension pipe; P2 second
extension pipe; RC refrigerant circuit

Claims

1. An air-conditioner comprising:

a refrigerant circuit having a compressor, a first
four-way valve, an outdoor heat exchanger, a
first expansion valve, a second four-way valve,
a third four-way valve, an indoor heat exchang-
er, and a second expansion valve, the refriger-
ant circuit being configured to circulate refriger-
ant; and
an indoor fan configured to send air to the indoor
heat exchanger, wherein
the indoor heat exchanger has a first heat ex-
change portion and a second heat exchange
portion,
the first four-way valve, the second four-way
valve, and the third four-way valve are switched
to allow refrigerant to flow through the refrigerant
circuit in an order of the compressor, the first
four-way valve, the outdoor heat exchanger, the
first expansion valve, the second four-way
valve, the third four-way valve, the first heat ex-
change portion, the third four-way valve, the sec-
ond expansion valve, the second heat exchange
portion, the second four-way valve, and the first
four-way valve during a cooling operation,
the first four-way valve, the second four-way
valve, and the third four-way valve are switched
to allow refrigerant to flow through the refrigerant
circuit in an order of the compressor, the first
four-way valve, the outdoor heat exchanger, the
first expansion valve, the second four-way
valve, the second heat exchange portion, the
second expansion valve, the third four-way
valve, the first heat exchange portion, the third
four-way valve, the second four-way valve, and
the first four-way valve during a reheating dehu-
midification operation,
during the cooling operation, in the first heat ex-
change portion and the second heat exchange
portion, a flow of refrigerant with respect to a
flow of air sent by the indoor fan is a parallel
flow, and
during the reheating dehumidification operation,
in the first heat exchange portion, the flow of
refrigerant with respect to the flow of air is a par-
allel flow, and in the second heat exchange por-
tion, the flow of refrigerant with respect to the
flow of air is a counterflow.

2. The air-conditioner according to claim 1, wherein

the refrigerant circuit has a first extension pipe
that connects the first expansion valve and the
second four-way valve to each other and a sec-
ond extension pipe that connects the first four-
way valve and the second four-way valve to
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each other, and
the first extension pipe is smaller in inner diam-
eter than the second extension pipe.
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