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(54) AIR CONDITIONER

(57) An air conditioner includes a compressor (1), a
flow path switching device (2), a first heat exchanger (3),
a fan (8a), a throttle device (4), and a second heat ex-
changer (5). At least one of a first heat exchange unit
(3a) and a second heat exchange unit (3b) has a refrig-
erant inlet disposed leeward of air passed by the fan (8a)
and a refrigerant outlet disposed windward of the air. Re-

frigerant flows successively through the first heat ex-
change unit (3a) and the second heat exchange unit (3b)
when the first heat exchanger (3) is used as an evapo-
rator, and flows in parallel through the first heat exchange
unit (3a) and the second heat exchange unit (3b) when
the first heat exchanger (3) is used as a condenser.
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Description

TECHNICAL FIELD

[0001] The present invention relates to air condition-
ers.

BACKGROUND ART

[0002] An air conditioner conventionally includes a re-
frigerant circuit in which a compressor, a four-way valve,
a condenser, a throttle device and an evaporator are con-
nected via pipes. The direction of refrigerant flow through
the refrigerant circuit is switched by the four-way valve
depending on whether the air conditioner is performing
heating operation or cooling operation. Specifically, dur-
ing heating operation, refrigerant flows from the compres-
sor, through the four-way valve, and into an indoor heat
exchanger serving as a condenser, then flows through
the throttle device and into an outdoor heat exchanger
serving as an evaporator. During cooling operation, as a
result of switching of the four-way valve from the state
during the heating operation, refrigerant flows from the
compressor, through the four-way valve, and into the out-
door heat exchanger serving as a condenser, then flows
through the throttle device and into the indoor heat ex-
changer serving as an evaporator.
[0003] Each of the indoor heat exchanger and the out-
door heat exchanger is provided with a fan. This fan caus-
es air to flow around each of the indoor heat exchanger
and the outdoor heat exchanger. As a result, heat ex-
change takes place between the refrigerant flowing
through each of the indoor heat exchanger and the out-
door heat exchanger, and the air flowing around each of
the indoor heat exchanger and the outdoor heat exchang-
er. Japanese Patent Laying-Open No. 7-98166 (PTL 1),
for example, proposes an air conditioner in which refrig-
erant flow through an outdoor heat exchanger is coun-
terflow with respect to air flow around the outdoor heat
exchanger during heating operation, in order to improve
heat exchange efficiency.

CITATION LIST

PATENT LITERATURE

[0004] PTL 1: Japanese Patent Laying-Open No.
7-98166

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] In the air conditioner described in the above
publication, refrigerant flow velocity varies depending on
whether the outdoor heat exchanger is used as a con-
denser (during cooling operation) or the outdoor heat ex-
changer is used as an evaporator (during heating oper-

ation).
[0006] To improve the performance of a heat exchang-
er, it is effective for refrigerant to be used at high flow
velocity when the heat exchanger is used as a condenser,
and for refrigerant to be used at low flow velocity when
the heat exchanger is used as an evaporator. This is
because, in the condenser, heat transfer depending on
the refrigerant flow velocity is dominant over the improve-
ment in performance of the heat exchanger, whereas in
the evaporator, reducing pressure loss depending on the
flow velocity is dominant over the improvement in per-
formance of the heat exchanger.
[0007] In the air conditioner described in the above
publication, if operation is performed such that the heat
exchanger has reduced pressure loss and improved heat
transfer performance during one of cooling operation and
heating operation, the heat exchanger has increased
pressure loss and degraded heat transfer performance
during the other of cooling operation and heating opera-
tion. In short, it is impossible to reduce the pressure loss
and improve the heat transfer performance during both
cooling operation and heating operation.
[0008] The present invention has been made in view
of the above problem, and aims to provide an air condi-
tioner capable of improving heat exchange efficiency, re-
ducing pressure loss, and improving heat transfer per-
formance at a heat exchanger.

SOLUTION TO PROBLEM

[0009] An air conditioner of the present invention in-
cludes a compressor, a flow path switching device, a first
heat exchanger, a fan, a throttle device, and a second
heat exchanger. The compressor is configured to com-
press refrigerant. The flow path switching device is con-
nected to the compressor. The first heat exchanger is
connected to the flow path switching device and has a
first heat exchange unit and a second heat exchange
unit. The fan is configured to pass air around the first
heat exchange unit and the second heat exchange unit.
The throttle device is connected to the first heat exchang-
er. The second heat exchanger is connected to the throt-
tle device. The flow path switching device is configured
to switch flow of the refrigerant compressed by the com-
pressor between flow to the first heat exchanger and flow
to the second heat exchanger. At least one of the first
heat exchange unit and the second heat exchange unit
has a refrigerant inlet disposed leeward of the air passed
by the fan and a refrigerant outlet disposed windward of
the air. The refrigerant flows successively through the
first heat exchange unit and the second heat exchange
unit when the first heat exchanger is used as an evapo-
rator, and flows in parallel through the first heat exchange
unit and the second heat exchange unit when the first
heat exchanger is used as a condenser.
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ADVANTAGEOUS EFFECTS OF INVENTION

[0010] According to the air conditioner of the present
invention, at least one of the first heat exchange unit and
the second heat exchange unit has the refrigerant inlet
disposed leeward of the air passed by the fan and the
refrigerant outlet disposed windward of the air. Accord-
ingly, refrigerant flow from the refrigerant inlet toward the
refrigerant outlet in at least one of the first heat exchange
unit and the second heat exchange unit can be counter-
flow with respect to air flow around the one of the first
heat exchange unit and the second heat exchange unit.
Heat exchange efficiency at the first heat exchanger can
thereby be improved. Moreover, the refrigerant flows suc-
cessively through the first heat exchange unit and the
second heat exchange unit when the first heat exchanger
is used as a condenser, and flows in parallel through the
first heat exchange unit and the second heat exchange
unit when the first heat exchanger is used as an evapo-
rator. Accordingly, the refrigerant flows successively
through the first heat exchange unit and the second heat
exchange unit when the first heat exchanger is used as
a condenser during heating operation, thereby allowing
an increase in flow velocity of the refrigerant that has
been turned into a liquid state by means of heat exchange
at the first heat exchanger. Heat transfer performance
can thereby be improved. In addition, the refrigerant flows
in parallel through the first heat exchange unit and the
second heat exchange unit when the first heat exchanger
is used as an evaporator during cooling operation, there-
by allowing a reduction in flow velocity of the refrigerant
in a gas state and a gas-liquid two-phase state. Pressure
loss can thereby be reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0011]

Fig. 1 is a schematic configuration diagram of an air
conditioner during cooling operation according to an
embodiment of the present invention.
Fig. 2 is a schematic configuration diagram of the air
conditioner during heating operation according to the
embodiment of the present invention.
Fig. 3 is a schematic side view of an indoor heat
exchanger and a fan of the air conditioner according
to the embodiment of the present invention.
Fig. 4 is a schematic side view of the indoor heat
exchanger of the air conditioner according to the em-
bodiment of the present invention.
Fig. 5 is a schematic side view of an outdoor heat
exchanger and a fan of the air conditioner according
to the embodiment of the present invention.
Fig. 6 is a schematic perspective view of the outdoor
heat exchanger of the air conditioner according to
the embodiment of the present invention.
Fig. 7 is a schematic sectional view of the outdoor
heat exchanger of the air conditioner according to

the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0012] In the following, an embodiment of the present
invention is described based on the drawings.
[0013] Referring to Fig. 1, the configuration of an air
conditioner according to an embodiment of the present
invention is described.
[0014] The air conditioner according to the embodi-
ment of the present invention includes a compressor 1,
a flow path switching device 2, a first heat exchanger 3,
a throttle device 4, a second heat exchanger 5, pipes 6a
to 6k, valves 7a to 7d, and fans 8a to 8b.
[0015] Compressor 1, flow path switching device 2, first
heat exchanger 3, throttle device 4, and second heat ex-
changer 5 are communicated with one another through
pipes 6a to 6k and valves 7a to 7d. A refrigerant circuit
is thus formed. Refrigerant flows through the refrigerant
circuit. That is, the refrigerant flows through compressor
1, flow path switching device 2, first heat exchanger 3,
throttle device 4, and second heat exchanger 5 by pass-
ing through pipes 6a to 6k and valves 7a to 7d. One of a
single refrigerant and an azeotropic refrigerant can be
used as the refrigerant flowing through the refrigerant
circuit. For example, R32 can be used as the single re-
frigerant. For example, R410a can be used as the aze-
otropic refrigerant. Alternatively, a non-azeotropic refrig-
erant can be used as the refrigerant. For example,
R1234yf can be used as the non-azeotropic refrigerant.
[0016] The air conditioner also includes a controller
(not shown). The controller is configured to perform op-
erations and provide instructions to control means, de-
vices and the like of a refrigeration cycle apparatus. Spe-
cifically, the controller is configured to control operations
of flow path switching device 2 and valves 7a to 7d, for
example.
[0017] In Fig. 1, first heat exchanger 3 is an indoor heat
exchanger, and second heat exchanger 5 is an outdoor
heat exchanger. Compressor 1, flow path switching de-
vice 2, throttle device 4, second heat exchanger 5, and
fan 8b are provided in an outdoor unit (not shown). First
heat exchanger 3 and fan 8a are provided in an indoor
unit (not shown).
[0018] Compressor 1 is configured to compress and
discharge the suctioned refrigerant. Compressor 1 has
a discharge port 1a through which the refrigerant is dis-
charged, and a suction port 1b through which the refrig-
erant is suctioned. Compressor 1 may be a constant
speed compressor having a constant compressive ca-
pacity, or an inverter compressor having a variable com-
pressive capacity. This inverter compressor is configured
to have a variably controlled rotation speed. Specifically,
the rotation speed of this inverter compressor is adjusted
by changing a driving frequency based on an instruction
from the controller (not shown). The compressive capac-
ity is thereby varied. This compressive capacity is an
amount of refrigerant delivered per unit time.
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[0019] Flow path switching device 2 is connected to
compressor 1. Flow path switching device 2 is configured
to switch refrigerant flow depending on whether the air
conditioner is performing cooling operation or heating op-
eration. Flow path switching device 2 has a first three-
way valve 21 and a second three-way valve 22. First
three-way valve 21 and second three-way valve 22 are
spaced from each other. That is, first three-way valve 21
and second three-way valve 22 are not in contact with
each other.
[0020] First three-way valve 21 connects discharge
port 1a of compressor 1 to first heat exchanger 3 or sec-
ond heat exchanger 5. That is, first three-way valve 21
is configured to selectively pass the refrigerant dis-
charged through discharge port 1a of compressor 1 to
one of first heat exchanger 3 and second heat exchanger
5. Specifically, discharge port 1a of compressor 1 is con-
nected to first three-way valve 21 via pipe 6a. First three-
way valve 21 is connected to first heat exchanger 3 via
pipe 6b. First three-way valve 21 is connected to second
heat exchanger 5 via pipe 6k.
[0021] Second three-way valve 22 connects suction
port 1b of compressor 1 to first heat exchanger 3 or sec-
ond heat exchanger 5. That is, second three-way valve
22 is configured to selectively pass the refrigerant from
one of first heat exchanger 3 and second heat exchanger
5 to suction port 1b of compressor 1. Specifically, suction
port 1b of compressor 1 is connected to second three-
way valve 22 via pipe 6f. Second three-way valve 22 is
connected to second heat exchanger 5 via pipe 6e. Sec-
ond three-way valve 22 is connected to pipe 6b via pipe
6g. Second three-way valve 22 is connected to first heat
exchanger 3 via pipe 6g and pipe 6b.
[0022] First heat exchanger 3 is to exchange heat be-
tween refrigerant and air. First heat exchanger 3 is
formed of a pipe (heat transfer tube) and a fin, for exam-
ple. First heat exchanger 3 is connected to flow path
switching device 2 and throttle device 4.
[0023] During cooling operation, first heat exchanger
3 serves as an evaporator to evaporate the refrigerant
decompressed by throttle device 4. During heating op-
eration, first heat exchanger 3 serves as a condenser to
condense the refrigerant compressed by compressor 1.
[0024] First heat exchanger 3 is connected to throttle
device 4 via pipe 6c. Pipe 6h branching from pipe 6c is
connected to first heat exchanger 3. Pipe 6i branching
from pipe 6h is connected to pipe 6b. Pipe 6h and pipe
6i are provided in the indoor unit (not shown).
[0025] Throttle device 4 is connected to first heat ex-
changer 3 and second heat exchanger 5. During cooling
operation, throttle device 4 serves as a decompression
device to decompress the refrigerant condensed by sec-
ond heat exchanger (condenser) 5. During heating op-
eration, throttle device 4 serves as a decompression de-
vice to decompress the refrigerant condensed by first
heat exchanger (condenser) 3. Throttle device 4 is an
expansion valve to expand (decompress) the refrigerant
by adjustment of the degree of opening of the valve, for

example. More specifically, throttle device 4 may be an
electronic expansion valve, for example.
[0026] Second heat exchanger 5 is to exchange heat
between refrigerant and air. Second heat exchanger 5 is
formed of a pipe (heat transfer tube) and a fin, for exam-
ple. Second heat exchanger 5 is connected to flow path
switching device 2 and throttle device 4.
[0027] During heating operation, second heat ex-
changer 5 serves as an evaporator to evaporate the re-
frigerant decompressed by throttle device 4. During cool-
ing operation, second heat exchanger 5 serves as a con-
denser to condense the refrigerant compressed by com-
pressor 1.
[0028] Second heat exchanger 5 is connected to throt-
tle device 4 via pipe 6d. Second heat exchanger 5 is
connected to second three-way valve 22 via pipe 6e. Pipe
6j branching from pipe 6d is connected to second heat
exchanger 5. Pipe 6k branching from pipe 6j is connected
to first three-way valve 21. Pipe 6d, pipe 6e, pipe 6j and
pipe 6k are provided in the outdoor unit (not shown).
[0029] Valves 7a to 7d are configured to switch refrig-
erant flow through the refrigerant circuit. Valve 7a is pro-
vided on pipe 6c. Valve 7b is provided on pipe 6i. Valve
7c is provided on pipe 6h. Valve 7d is provided on pipe
6j. Valves 7a to 7d are each an on-off valve, for example.
More specifically, valves 7a to 7d may each be an elec-
tronic on-off valve, for example. Valves 7a to 7d are con-
trolled to be turned on/off to thereby control refrigerant
flow to first heat exchanger 3 and second heat exchanger
5.
[0030] Fan 8a is configured to pass air around first heat
exchanger 3. Fan 8a is a crossflow fan, for example. Fan
8b is configured to pass air around second heat exchang-
er 5. Fan 8b is a propeller fan, for example. Fan 8a and
fan 8b are configured to pass air (blow air) around first
heat exchanger 3 and second heat exchanger 5, respec-
tively, based on instructions from the controller (not
shown).
[0031] Referring now to Figs. 1 and 2, operation of the
air conditioner in the present embodiment is described.
[0032] First, referring to Fig. 1, operation of the air con-
ditioner during heating operation in the present embod-
iment is described in conjunction with refrigerant flow
through the refrigerant circuit. During heating operation,
valve 7a and valve 7b are closed, and valve 7c and valve
7d are opened. High-temperature and high-pressure gas
refrigerant discharged through discharge port 1a of com-
pressor 1 flows into first three-way valve 21 of flow path
switching device 2. During heating operation, first three-
way valve 21 of flow path switching device 2 is set such
that the refrigerant flows into first heat exchanger 3. At
first heat exchanger 3, the high-temperature and high-
pressure gas refrigerant is condensed into liquid refrig-
erant at the condenser outlet side, by means of heat
transfer between the air flowing around first heat ex-
changer 3 and the refrigerant flowing through first heat
exchanger 3. In this case, the air flowing around first heat
exchanger 3 is heated.
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[0033] The refrigerant condensed at first heat ex-
changer 3 flows into throttle device 4, and is turned into
a low-temperature and low-pressure state. The refriger-
ant turned into a low-temperature and low-pressure state
at throttle device 4 flows into second heat exchanger 5.
At second heat exchanger 5, the refrigerant is turned into
low-temperature and low-pressure gas refrigerant by
means of heat exchange with the air. The low-tempera-
ture and low-pressure gas refrigerant flows into second
three-way valve 22 of flow path switching device 2. The
refrigerant that flows into second three-way valve 22
flows into compressor 1 through suction port 1b of com-
pressor 1. Compressor 1 compresses the refrigerant suc-
tioned through suction port 1b and discharges the refrig-
erant again through discharge port 1a. That is, during
heating operation, the refrigerant circulates through the
refrigerant circuit as indicated by solid line arrows in Fig.
1.
[0034] First three-way valve 21 and second three-way
valve 22 are spaced from each other. Accordingly, heat
exchange between the high-temperature and high-pres-
sure gas refrigerant flowing through first three-way valve
21 and the low-temperature and low-pressure gas refrig-
erant flowing through second three-way valve 22 can be
prevented. The occurrence of heat loss can thereby be
prevented. Moreover, since first three-way valve 21 and
second three-way valve 22 are spaced from each other,
leakage of the refrigerant from first three-way valve 21
to second three-way valve 22 can be prevented. The oc-
currence of heat loss can also thereby be prevented.
[0035] Referring now to Fig. 2, operation of the air con-
ditioner during cooling operation in the present embodi-
ment is described in conjunction with refrigerant flow
through the refrigerant circuit. During cooling operation,
valve 7a and valve 7b are opened, and valve 7c and valve
7d are closed. High-temperature and high-pressure gas
refrigerant discharged through discharge port 1a of com-
pressor 1 flows into first three-way valve 21 of flow path
switching device 2. During cooling operation, first three-
way valve 21 of flow path switching device 2 is set such
that the refrigerant flows into second heat exchanger 5.
At second heat exchanger 5, the high-temperature and
high-pressure gas refrigerant is condensed into liquid re-
frigerant at the condenser outlet side, by means of heat
exchange between the air flowing around second heat
exchanger 5 and the refrigerant flowing through second
heat exchanger 5.
[0036] The refrigerant condensed into a liquid phase
state at second heat exchanger 5 flows into throttle de-
vice 4, and is turned into a gas-liquid two-phase state of
low temperature and low pressure. The refrigerant turned
into a gas-liquid two-phase state of low temperature and
low pressure at throttle device 4 flows into first heat ex-
changer 3. At first heat exchanger 3, the refrigerant is
turned into low-temperature and low-pressure gas refrig-
erant by means of heat exchange between the air flowing
around first heat exchanger 3 and the refrigerant flowing
through first heat exchanger 3. In this case, the air flowing

around first heat exchanger 3 is cooled. The refrigerant
heated by the surrounding air is turned from the gas-
liquid two-phase refrigerant into gas-phase refrigerant,
and flows into second three-way valve 22 of flow path
switching device 2. The refrigerant that flows into second
three-way valve 22 flows into compressor 1 through suc-
tion port 1b of compressor 1. Compressor 1 compresses
the refrigerant suctioned through suction port 1b and dis-
charges the refrigerant again through discharge port 1a.
That is, during cooling operation, the refrigerant circu-
lates through the refrigerant circuit as indicated by solid
line arrows in Fig. 2.
[0037] Referring now to Figs. 1 to 4, first heat exchang-
er 3 is described in more detail. First heat exchanger 3
has a first heat exchange unit 3a, a second heat ex-
change unit 3b, a third heat exchange unit 3c, and head-
ers 30a to 30d.
[0038] As shown primarily in Fig. 3, first heat exchange
unit 3a is connected to second heat exchange unit 3b via
header 30b. Second heat exchange unit 3b is connected
to header 30c. First heat exchange unit 3a is connected
to third heat exchange unit 3c via header 30a. Third heat
exchange unit 3c is connected to header 30d.
[0039] First heat exchange unit 3a is disposed opposite
to second heat exchange unit 3b with respect to fan 8a.
First heat exchange unit 3a, second heat exchange unit
3b and third heat exchange unit 3c are disposed to sur-
round fan 8a from above.
[0040] It is also possible to configure first heat ex-
changer 3 to have only first heat exchange unit 3a and
second heat exchange unit 3b, and to not have third heat
exchange unit 3c.
[0041] As shown primarily in Fig. 4, first heat exchange
unit 3a has refrigerant flow paths 3a1 to 3a4. Refrigerant
flow paths 3a1 to 3a4 are each connected to header 30a
and header 30b. Refrigerant flow paths 3a1 to 3a4 are
configured such that the refrigerant flows in parallel
through them. Refrigerant flow paths 3a1 to 3a4 are each
formed by alternately connecting heat transfer tubes dis-
posed closer to fan 8a and heat transfer tubes disposed
farther from fan 8a.
[0042] Second heat exchange unit 3b has refrigerant
flow paths 3b1 to 3b2. Refrigerant flow paths 3b1 to 3b2
are each connected to header 30b and header 30c. Re-
frigerant flow paths 3b1 to 3b2 are configured such that
the refrigerant flows in parallel through them. Refrigerant
flow paths 3b1 to 3b2 are each formed by alternately
connecting heat transfer tubes disposed closer to fan 8a
and heat transfer tubes disposed farther from fan 8a.
[0043] Third heat exchange unit 3c has refrigerant flow
paths 3c1 to 3c4. Refrigerant flow paths 3c1 to 3c4 are
each connected to header 30a and header 30d. Refrig-
erant flow paths 3c1 to 3c4 are configured such that the
refrigerant flows in parallel through them. Refrigerant flow
paths 3c1 to 3c4 are each formed by alternately connect-
ing a heat transfer tube disposed closer to fan 8a and a
heat transfer tube disposed farther from fan 8a.
[0044] Referring primarily to Figs. 3 and 4, during heat-
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ing operation, the refrigerant flows from a heating inlet
B, through header 30d, and into third heat exchange unit
3c, then flows in parallel through refrigerant flow paths
3c1 to 3c4 and merges at header 30a. The refrigerant
flows from header 30a into first heat exchange unit 3a,
flows in parallel through refrigerant flow paths 3a1 to 3a4
and merges at header 30b. The refrigerant flows from
header 30b into second heat exchange unit 3b, flows in
parallel through refrigerant flow paths 3b1 to 3b2 and
merges at header 30c. The refrigerant flows through
header 30c and flows out through a heating outlet A. That
is, during heating operation, the refrigerant flows succes-
sively through third heat exchange unit 3c, first heat ex-
change unit 3a, and second heat exchange unit 3b.
[0045] During cooling operation, the refrigerant flows
from a cooling inlet C, through header 30b, and into first
heat exchange unit 3a and second heat exchange unit
3b. The refrigerant that flows into first heat exchange unit
3a flows in parallel through refrigerant flow paths 3a1 to
3a4 and merges at header 30a. The refrigerant flows
from header 30a into third heat exchange unit 3c, flows
in parallel through refrigerant flow paths 3c1 to 3c4 and
merges at header 30d. The refrigerant flows through
header 30d and flows out through a cooling outlet B. That
is, during heating operation, the refrigerant flows in par-
allel through first heat exchange unit 3a and second heat
exchange unit 3b. The refrigerant also flows successively
through first heat exchange unit 3a and third heat ex-
change unit 3c.
[0046] Rotation of fan 8a in response to an instruction
from the controller (not shown) causes the occurrence
of air flow. The air flows from first heat exchanger 3 toward
fan 8a as indicated by white arrows in Figs. 3 and 4.
[0047] During heating operation, the refrigerant flows
from a refrigerant inlet toward a refrigerant outlet of first
heat exchange unit 3a as indicated by broken line arrows
in Figs. 3 and 4. Therefore, refrigerant flow from the re-
frigerant inlet toward the refrigerant outlet of first heat
exchange unit 3a is parallel flow with respect to air flow
around first heat exchange unit 3a. The refrigerant flows,
on the other hand, from a refrigerant inlet toward a re-
frigerant outlet of second heat exchange unit 3b as indi-
cated by the broken line arrows in Figs. 3 and 4. There-
fore, refrigerant flow from the refrigerant inlet toward the
refrigerant outlet of second heat exchange unit 3b is
counterflow with respect to air flow around second heat
exchange unit 3b.
[0048] During cooling operation, the refrigerant flows
from the refrigerant inlet toward the refrigerant outlet of
first heat exchange unit 3a as indicated by solid line ar-
rows in Figs. 3 and 4. Therefore, refrigerant flow from the
refrigerant inlet toward the refrigerant outlet of first heat
exchange unit 3a is counterflow with respect to air flow
around first heat exchange unit 3a. The refrigerant flows,
on the other hand, from the refrigerant inlet toward the
refrigerant outlet of second heat exchange unit 3b as
indicated by the solid line arrows in Figs. 3 and 4. There-
fore, refrigerant flow from the refrigerant inlet toward the

refrigerant outlet of second heat exchange unit 3b is
counterflow with respect to air flow around second heat
exchange unit 3b.
[0049] During heating operation, there are four refrig-
erant flow paths 3a1 to 3a4 of first heat exchange unit
3a, and there are two refrigerant flow paths 3b1 to 3b2
of second heat exchange unit 3b through which the re-
frigerant flows after flowing through first heat exchange
unit 3a. Thus, the number of refrigerant flow paths
(number of paths) during heating operation is four. During
cooling operation, on the other hand, there are four re-
frigerant flow paths 3a1 to 3a4 of first heat exchange unit
3a, and there are two refrigerant flow paths 3b 1 to 3b2
of second heat exchange unit 3b through which the re-
frigerant flows in parallel with first heat exchange unit 3a.
Thus, the number of refrigerant flow paths (number of
paths) during cooling operation is six. Accordingly, the
number of refrigerant flow paths (number of paths) can
be changed between heating operation and cooling op-
eration.
[0050] Referring now to Figs. 1, 2, and 5 to 7, second
heat exchanger 5 is described in more detail. Second
heat exchanger 5 has a first heat exchange unit 5a, a
second heat exchange unit 5b, and headers 50a to 50c.
[0051] As shown primarily in Figs. 5 and 6, first heat
exchange unit 5a is connected to second heat exchange
unit 5b via header 50c. First heat exchange unit 5a is
connected to header 50a. Second heat exchange unit 5b
is connected to header 50b.
[0052] First heat exchange unit 5a and second heat
exchange unit 5b are aligned with respect to fan 8b. First
heat exchange unit 5a and second heat exchange unit
5b may be disposed equidistant from fan 8b.
[0053] As shown primarily in Fig. 7, first heat exchange
unit 5a has refrigerant flow paths 5a1 to 5a4. Refrigerant
flow paths 5a1 to 5a4 are each connected to header 50a
and header 50c. Refrigerant flow paths 5a1 to 5a4 are
configured such that the refrigerant flows in parallel
through them. Refrigerant flow paths 5a1 to 5a4 are each
formed by alternately connecting heat transfer tubes dis-
posed closer to fan 8b and heat transfer tubes disposed
farther from fan 8b.
[0054] Second heat exchange unit 5b has refrigerant
flow paths 5b 1 to 5b2. Refrigerant flow paths 5b1 to 5b2
are each connected to header 50b and header 50c. Re-
frigerant flow paths 5b 1 to 5b2 are configured such that
the refrigerant flows in parallel through them. Refrigerant
flow paths 5b 1 to 5b2 are each formed by alternately
connecting heat transfer tubes disposed closer to fan 8b
and heat transfer tubes disposed farther from fan 8b.
[0055] Refrigerant flow paths 5a1 to 5a4 of first heat
exchange unit 5a and refrigerant flow paths 5b1 to 5b2
of second heat exchange unit 5b penetrate through com-
mon fins. Refrigerant flow paths 5a1 to 5a4 of first heat
exchange unit 5a and refrigerant flow paths 5b1 to 5b2
of second heat exchange unit 5b may be provided to
penetrate through separate fins.
[0056] During heating operation, the refrigerant flows
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from heating inlet B, through header 50a, and into first
heat exchange unit 5a, and also flows from a heating
inlet C, through header 50b, and into second heat ex-
change unit 5b. The refrigerant that flows into first heat
exchange unit 5a flows in parallel through refrigerant flow
paths 5a1 to 5a4 and merges at header 50c. The refrig-
erant that flows into second heat exchange unit 5b flows
in parallel through refrigerant flow paths 5b1 to 5b2 and
merges at header 50c. The refrigerant flows through
header 50c and flows out through heating outlet A. That
is, during heating operation, the refrigerant flows in par-
allel through first heat exchange unit 3a and second heat
exchange unit 3b.
[0057] During cooling operation, the refrigerant flows
from cooling inlet B, through header 50a, and into first
heat exchange unit 5a, then flows in parallel through re-
frigerant flow paths 5a1 to 5a4 and merges at header
50c. The refrigerant flows from header 50c into second
heat exchange unit 5b, flows in parallel through refriger-
ant flow paths 5b1 to 5b2 and merges at header 50b.
The refrigerant flows through header 50b and flows out
through a cooling outlet C. That is, during cooling oper-
ation, the refrigerant flows successively through first heat
exchange unit 5a and second heat exchange unit 5b.
[0058] Rotation of fan 8b in response to an instruction
from the controller (not shown) causes the occurrence
of air flow. The air flows from second heat exchanger 5
toward fan 8b as indicated by white arrows in Figs. 5 to 7.
[0059] During heating operation, the refrigerant flows
from a refrigerant inlet toward a refrigerant outlet of first
heat exchange unit 5a as indicated by broken line arrows
in Figs. 6 and 7. Therefore, refrigerant flow from the re-
frigerant inlet toward the refrigerant outlet of first heat
exchange unit 5a is counterflow with respect to air flow
around first heat exchange unit 5a. The refrigerant also
flows from a refrigerant inlet toward a refrigerant outlet
of second heat exchange unit 5b as indicated by the bro-
ken line arrows in Figs. 6 and 7. Therefore, refrigerant
flow from the refrigerant inlet toward the refrigerant outlet
of second heat exchange unit 5b is counterflow with re-
spect to air flow around second heat exchange unit 5b.
[0060] During cooling operation, the refrigerant flows
from the refrigerant inlet toward the refrigerant outlet of
first heat exchange unit 5a as indicated by solid line ar-
rows in Figs. 6 and 7. Therefore, refrigerant flow from the
refrigerant inlet toward the refrigerant outlet of first heat
exchange unit 5a is counterflow with respect to air flow
around first heat exchange unit 5a. The refrigerant also
flows from the refrigerant inlet toward the refrigerant out-
let of second heat exchange unit 3b as indicated by the
solid line arrows in Figs. 6 and 7. Therefore, refrigerant
flow from the refrigerant inlet toward the refrigerant outlet
of second heat exchange unit 5b is counterflow with re-
spect to air flow around second heat exchange unit 5b.
[0061] During heating operation, there are four refrig-
erant flow paths 5a1 to 5a4 of first heat exchange unit
5a, and there are two refrigerant flow paths 5b1 to 5b2
of second heat exchange unit 5b through which the re-

frigerant flows in parallel with first heat exchange unit 5a.
Thus, the number of refrigerant flow paths (number of
paths) during heating operation is six. During cooling op-
eration, on the other hand, there are four refrigerant flow
paths 5a1 to 5a4 of first heat exchange unit 5a, and there
are two refrigerant flow paths 5b 1 to 5b2 of second heat
exchange unit 5b through which the refrigerant flows after
flowing through first heat exchange unit 5a. Thus, the
number of refrigerant flow paths (number of paths) during
heating operation is four. Accordingly, the number of re-
frigerant flow paths (number of paths) can be changed
between heating operation and cooling operation.
[0062] Although both of first heat exchanger 3 serving
as an indoor heat exchanger and second heat exchanger
5 serving as an outdoor heat exchanger are described
as having the first heat exchange unit and the second
heat exchange unit in the above description, the air con-
ditioner according to the present embodiment is not lim-
ited to this configuration. Only first heat exchanger 3 serv-
ing as an indoor heat exchanger may have the first heat
exchange unit and the second heat exchange unit. Alter-
natively, only second heat exchanger 5 serving as an
outdoor heat exchanger may have the first heat ex-
change unit and the second heat exchange unit. In this
case, second heat exchanger 5 corresponds to a first
heat exchanger in the claims.
[0063] A function and effect of the present embodiment
will now be described.
[0064] According to the air conditioner of the present
embodiment, at least one of first heat exchange unit 3a
and second heat exchange unit 3b has the refrigerant
inlet disposed leeward of the air passed by fan 8a and
the refrigerant outlet disposed windward of the air. Ac-
cordingly, refrigerant flow from the refrigerant inlet toward
the refrigerant outlet in at least one of first heat exchange
unit 3a and second heat exchange unit 3b can be coun-
terflow with respect to air flow around the one of first heat
exchange unit 3a and second heat exchange unit 3b.
Heat exchange efficiency at first heat exchanger 3 can
thereby be improved. Moreover, the refrigerant flows suc-
cessively through first heat exchange unit 3a and second
heat exchange unit 3b when first heat exchanger 3 is
used as a condenser, and flows in parallel through first
heat exchange unit 3a and second heat exchange unit
3b when first heat exchanger 3 is used as an evaporator.
Accordingly, the refrigerant flows successively through
first heat exchange unit 3a and second heat exchange
unit 3b when first heat exchanger 3 is used as a con-
denser during heating operation, thereby allowing an in-
crease in flow velocity of the refrigerant that has been
turned into a liquid state by means of heat exchange at
first heat exchanger 3. Heat transfer performance can
thereby be improved. In addition, the refrigerant flows in
parallel through first heat exchange unit 3a and second
heat exchange unit 3b when first heat exchanger 3 is
used as an evaporator during cooling operation, thereby
allowing a reduction in flow velocity of the refrigerant in
a gas state and a gas-liquid two-phase state. Pressure

11 12 



EP 3 492 844 A1

8

5

10

15

20

25

30

35

40

45

50

55

loss can thereby be reduced.
[0065] Moreover, since first heat exchanger 3 has first
heat exchange unit 3a and second heat exchange unit
3b, and second heat exchanger 5 has first heat exchange
unit 5a and second heat exchange unit 5b, heat exchange
efficiency can be improved, pressure loss can be re-
duced, and heat transfer performance can be improved
at both of first heat exchanger 3 and second heat ex-
changer 5. As a result, the seasonal performance factor,
that is, the annual performance factor (APF) can be im-
proved.
[0066] When first heat exchanger 3 is used as a con-
denser during heating operation, the refrigerant is turned
into a liquid state at the condenser outlet side and there-
fore has a low flow velocity, which is likely to result in
degraded heat transfer performance. In the air condition-
er of the present embodiment, however, second heat ex-
change unit 3b is disposed closer to the condenser outlet
than first heat exchange unit 3a. In addition, the number
of refrigerant flow paths (number of paths) of second heat
exchange unit 3b is smaller than the number of refrigerant
flow paths (number of paths) of first heat exchange unit
3a. Accordingly, the refrigerant flow velocity can be in-
creased at second heat exchange unit 3b as compared
to the flow velocity at first heat exchange unit 3a. The
heat transfer performance can thereby be further im-
proved.
[0067] According to the air conditioner of the present
embodiment, flow path switching device 2 has first three-
way valve 21 and second three-way valve 22. First three-
way valve 21 connects discharge port 1a of compressor
1 to first heat exchanger 3 or second heat exchanger 5.
Second three-way valve 22 connects suction port 1b of
compressor 1 to first heat exchanger 3 or second heat
exchanger 5. Accordingly, flow path switching device 2
can switch, by first three-way valve 21 and second three-
way valve 22, flow of the refrigerant compressed by com-
pressor 1 between flow to first heat exchanger 3 and flow
to second heat exchanger 5.
[0068] Moreover, since first three-way valve 21 and
second three-way valve 22 are spaced from each other,
heat exchange between the high-temperature and high-
pressure gas refrigerant flowing through first three-way
valve 21 and the low-temperature and low-pressure gas
refrigerant flowing through second three-way valve 22
can be prevented. The occurrence of heat loss can there-
by be prevented. Moreover, since first three-way valve
21 and second three-way valve 22 are spaced from each
other, leakage of the refrigerant from first three-way valve
21 to second three-way valve 22 can be prevented. The
occurrence of heat loss can also thereby be prevented.
[0069] According to the air conditioner of the present
embodiment, the refrigerant is one of a single refrigerant
and an azeotropic refrigerant. Accordingly, a single re-
frigerant and an azeotropic refrigerant can be used as
the refrigerant.
[0070] According to the air conditioner of the present
embodiment, the refrigerant may be a non-azeotropic re-

frigerant. Accordingly, a non-azeotropic refrigerant can
be used as the refrigerant. A non-azeotropic refrigerant
produces a temperature gradient during condensation
and compression. Thus, refrigerant in a later portion of
the refrigerant flow can exchange heat with the air that
has not yet been subjected to heat exchange, to ensure
a sufficient temperature difference. As a result, subcool-
ing can be ensured. Heat exchange performance can
also be improved.
[0071] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
every respect. The scope of the present invention is de-
fined by the terms of the claims, rather than the descrip-
tion above, and is intended to include any modifications
within the meaning and scope equivalent to the terms of
the claims.

REFERENCE SIGNS LIST

[0072] 1 compressor; 2 flow path switching device; 3
first heat exchanger; 3a first heat exchange unit; 3b sec-
ond heat exchange unit; 4 throttle device; 5 second heat
exchanger; 6a to 6k pipe; 7a to 7d valve; 8a to 8b fan.

Claims

1. An air conditioner comprising:

a compressor configured to compress refriger-
ant;
a flow path switching device connected to the
compressor;
a first heat exchanger connected to the flow path
switching device and having a first heat ex-
change unit and a second heat exchange unit;
a fan configured to pass air around the first heat
exchange unit and the second heat exchange
unit;
a throttle device connected to the first heat ex-
changer; and
a second heat exchanger connected to the throt-
tle device,
the flow path switching device being configured
to switch flow of the refrigerant compressed by
the compressor between flow to the first heat
exchanger and flow to the second heat exchang-
er,
at least one of the first heat exchange unit and
the second heat exchange unit having a refrig-
erant inlet disposed leeward of the air passed
by the fan and a refrigerant outlet disposed wind-
ward of the air,
the refrigerant flowing successively through the
first heat exchange unit and the second heat ex-
change unit when the first heat exchanger is
used as an evaporator, and flowing in parallel
through the first heat exchange unit and the sec-
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ond heat exchange unit when the first heat ex-
changer is used as a condenser.

2. The air conditioner according to claim 1, wherein
the compressor has a discharge port through which
the refrigerant is discharged, and a suction port
through which the refrigerant is suctioned, and
the flow path switching device has a first three-way
valve connecting the discharge port to the first heat
exchanger or the second heat exchanger, and a sec-
ond three-way valve connecting the suction port to
the first heat exchanger or the second heat exchang-
er.

3. The air conditioner according to claim 1 or 2, wherein
the refrigerant is one of a single refrigerant and an
azeotropic refrigerant.

4. The air conditioner according to claim 1 or 2, wherein
the refrigerant is a non-azeotropic refrigerant.
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