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(54) AIR CONDITIONER

(57) An air conditioning apparatus (1) is provided with
a defrosting flow channel mechanism (26). The air con-
ditioning apparatus (1) performs an air-warming defrost
operation for evaporating refrigerant sent from an indoor
heat exchanger (41) to an outdoor heat exchanger (23)
while defrosting an arbitrarily selected heat exchange
path, using the defrosting flow channel mechanism (26).
In the air-warming defrost operation, the refrigerant sent
from the indoor heat exchanger (41) to the outdoor heat
exchanger (23) is first passed through the arbitrarily se-

lected heat exchange path from a gas-side end toward
a liquid-side end of the arbitrarily selected heat exchange
path by the defrosting flow channel mechanism (26),
without flowing into a refrigerant flow diverter (64). Having
passed through the arbitrarily selected heat exchange
path, the refrigerant then flows through the refrigerant
flow diverter (64) to be passed through other heat ex-
change paths other than the arbitrarily selected heat ex-
change path, from the liquid-side end toward the gas-
side end of the other heat exchange paths.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an air condi-
tioning apparatus, and particularly relates to an air con-
ditioning apparatus capable of performing an air-warm-
ing operation.

BACKGROUND ART

[0002] In the past there have been air conditioning ap-
paratuses configured by sequentially connecting a com-
pressor, an indoor heat exchanger, and an outdoor heat
exchanger, and capable of performing an air-warming
operation of circulating refrigerant in order through the
compressor, the indoor heat exchanger, the outdoor heat
exchanger, and the compressor. When frost forms on
the outdoor heat exchanger in such an air conditioning
apparatus, a reverse cycle defrosting operation is per-
formed in which a switch is made by a four-way switching
valve or the like so that the refrigerant is circulated in
order through the compressor, the outdoor heat exchang-
er, the indoor heat exchanger, and the compressor to
defrost the outdoor heat exchanger. Therefore, in this air
conditioning apparatus, the air-warming operation is
stopped during the reverse cycle defrosting operation,
and the level of comfort in the room is compromised.
[0003] To improve circumstances when the air-warm-
ing operation is stopped during such a defrosting oper-
ation, air conditioning apparatuses have been proposed,
such as those in Patent Literature 1 (Japanese Laid-open
Patent Application No. 2000-274780) and Patent Litera-
ture 2 (Japanese Laid-open Patent Application No.
2001-059994), as defrosting systems for defrosting an
outdoor heat exchanger while continuing an air-warming
operation.
[0004] In the air conditioning apparatus of Patent Lit-
erature 1, electromagnetic valves are provided to each
of the liquid-side ends of a plurality of heat exchange
paths of the outdoor heat exchanger. When frost forms
on the outdoor heat exchanger in the air conditioning
apparatus, an operation for stopping the flow of refriger-
ant in a heat exchange path is performed by closing the
electromagnetic valve of an arbitrarily selected heat ex-
change path. This operation makes it possible in this air
conditioning apparatus to continue the air-warming op-
eration by evaporating refrigerant in one heat exchange
path while defrosting another arbitrarily selected heat ex-
change path by means of the heat of outdoor air.
[0005] In the air conditioning apparatus of Patent Lit-
erature 2, a bypass channel is provided for sending some
of the refrigerant discharged from the compressor not to
the indoor heat exchanger but to the liquid-side ends of
the plurality of heat exchange paths of the outdoor heat
exchanger. When frost forms on the outdoor heat ex-
changer in this air conditioning apparatus, an operation
is performed for sending some of the refrigerant dis-

charged from the compressor through the bypass chan-
nel, not to the indoor heat exchanger, but to an arbitrary
selected heat exchange path of the outdoor heat ex-
changer. In this air conditioning apparatus, this operation
makes it possible to continue the air-warming operation
by evaporating refrigerant in one heat exchange path
while defrosting another arbitrarily selected heat ex-
change path by means of the heat of the refrigerant sent
through the bypass channel to the arbitrarily selected
heat exchange path.

SUMMARY OF THE INVENTION

[0006] However, in the defrosting system of Patent Lit-
erature 1, the frost (ice) does not melt when the temper-
ature of the outdoor air is 0°C or less, and the system
therefore has a problem in that the outdoor heat exchang-
er cannot be defrosted in weather conditions of an outside
air temperature of 0°C or less in which a large air-warming
load is required. Defrosting requires time to melt frost
using outdoor air having a small difference in temperature
with the frost, and as a result, only a short time is needed
to perform only the air-warming operation, and the sys-
tem has a problem in that the integral air-warming capa-
bility cannot be increased.
[0007] In the defrosting system in Patent Literature 2,
because some of the refrigerant sent to the indoor heat
exchanger and used in air warming is used to defrost the
outdoor heat exchanger, the system has a problem in
that the air-warming capability during defrosting is se-
verely reduced.
[0008] An object of the present invention is to make
defrosting of the outdoor heat exchanger possible with
virtually no reduction in air-warming capability in an air
conditioning apparatus capable of performing an air-
warming operation.
[0009] An air conditioning apparatus according to a first
aspect is configured by sequentially connecting a com-
pressor for compressing refrigerant, an indoor heat ex-
changer for radiating the heat of the refrigerant com-
pressed in the compressor, and an outdoor heat ex-
changer for evaporating the refrigerant heat-radiated in
the indoor heat exchanger by heat exchange with outdoor
air. This air conditioning apparatus is capable of perform-
ing an air-warming operation for circulating refrigerant in
order through the compressor, the indoor heat exchang-
er, the outdoor heat exchanger, and the compressor. The
outdoor heat exchanger has a plurality of heat exchange
paths connected in parallel to each other. Liquid-side
ends of the heat exchange paths are connected in parallel
by a refrigerant flow diverter for branching the refrigerant
sent to the outdoor heat exchanger from the indoor heat
exchanger to the liquid-side ends of the heat exchange
paths. On the premise of the configuration described
above, the air conditioning apparatus is also provided
with a defrosting flow channel mechanism for sending
the refrigerant sent to the outdoor heat exchanger from
the indoor heat exchanger to a gas-side end of an arbi-
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trarily selected heat exchange path of the plurality of heat
exchange paths, without channeling the refrigerant into
the refrigerant flow diverter. In this air conditioning appa-
ratus, the defrosting flow channel mechanism performs
an air-warming defrost operation for evaporating the re-
frigerant sent to the outdoor heat exchanger from the
indoor heat exchanger while defrosting the arbitrarily se-
lected heat exchange path. In the air-warming defrost
operation, the refrigerant sent from the outdoor heat ex-
changer to the indoor heat exchanger is not channeled
into the refrigerant flow diverter by the defrosting flow
channel mechanism, but is passed through the arbitrarily
selected heat exchange path, from the gas-side end to
the liquid-side end of the arbitrarily selected heat ex-
change path. The refrigerant passed through the arbi-
trarily selected heat exchange path then flows through
the refrigerant flow diverter to be passed through another
heat exchange path other than the arbitrarily selected
heat exchange path, from the liquid-side end to the gas-
side end of the other heat exchange path.
[0010] In this air conditioning apparatus, the entire out-
door heat exchanger can be defrosted by performing the
air-warming defrost operation using the defrosting flow
channel mechanism sequentially on the plurality of heat
exchange paths. In the air-warming defrost operation,
the total amount of refrigerant compressed in the com-
pressor is sent to the indoor heat exchanger and used in
air warming, after which defrosting can be performed by
the heat of the refrigerant sent from the indoor heat ex-
changer to the outdoor heat exchanger. It is thereby pos-
sible to defrost the outdoor heat exchanger even in
weather conditions having an outside air temperature of
0°C or less while achieving a high defrosting capability,
with virtually no reduction in air-warming capability.
[0011] An air conditioning apparatus according to a
second aspect is the air conditioning apparatus accord-
ing to the first aspect, wherein the outdoor heat exchang-
er further has a subcooling path through which the refrig-
erant sent from the indoor heat exchanger to the outdoor
heat exchanger passes before flowing into the refrigerant
flow diverter. The defrosting flow channel mechanism is
provided so as to be capable of sending the refrigerant
sent to the outdoor heat exchanger from the indoor heat
exchanger to the gas-side end of the arbitrarily selected
heat exchange path of the plurality of heat exchange
paths after the refrigerant has passed through the sub-
cooling path.
[0012] In this air conditioning apparatus, because the
refrigerant can be passed through to the subcooling path
even during the air-warming defrost operation, drain wa-
ter produced by defrosting the heat exchange path can
be prevented from refreezing and can be quickly expelled
from the bottom of the outdoor heat exchanger.
[0013] An air conditioning apparatus according to a
third aspect is the air conditioning apparatus according
to the first aspect, wherein the outdoor heat exchanger
further has a subcooling path through which the refriger-
ant sent from the indoor heat exchanger to the outdoor

heat exchanger passes before flowing into the refrigerant
flow diverter. The defrosting flow channel mechanism is
provided so as to be capable of sending the refrigerant
sent to the outdoor heat exchanger from the indoor heat
exchanger to the gas-side end of the arbitrarily selected
heat exchange path of the plurality of heat exchange
paths without passing the refrigerant through the sub-
cooling path.
[0014] In this air conditioning apparatus, because the
heat exchange path can be defrosted without passing
the refrigerant through the subcooling path during the air-
warming defrost operation, the heat of the refrigerant can
be used solely for defrosting the heat exchange path.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a schematic configuration diagram of the
air conditioning apparatus according to the first em-
bodiment of the present invention;
FIG. 2 is a plan view of an outdoor unit (excluding
the depiction of a top plate);
FIG. 3 is a diagram schematically depicting the out-
door heat exchanger of the first embodiment and the
surrounding structure;
FIG. 4 is a control block diagram of the air condition-
ing apparatus;
FIG. 5 is a diagram showing the flow of refrigerant
in the air conditioning apparatus during the air-warm-
ing operation of the first embodiment;
FIG. 6 is a flowchart of the air-warming defrost op-
eration;
FIG. 7 is a diagram showing the flow of refrigerant
(when the first heat exchange path is being defrost-
ed) in the air conditioning apparatus during the air-
warming defrost operation of the first embodiment;
FIG. 8 is a pressure-enthalpy graph depicting the
refrigeration cycle during the air-warming defrost op-
eration of the first embodiment;
FIG. 9 is a pressure-enthalpy graph depicting the
refrigeration cycle during a conventional (Patent Lit-
erature 2) defrost operation;
FIG. 10 is a flowchart of the air-warming defrost op-
eration according to Modification 1 of the first em-
bodiment;
FIG. 11 is a schematic configuration diagram of the
air conditioning apparatus according to Modification
2 of the first embodiment, showing the flow of refrig-
erant in the air conditioning apparatus during the air-
warming operation;
FIG. 12 is a diagram showing the flow of refrigerant
(when the first heat exchange path is being defrost-
ed) in the air conditioning apparatus during the air-
warming defrost operation in Modification 2 of the
first embodiment;
FIG. 13 is a schematic configuration diagram of the
air conditioning apparatus according to Modification
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3 of the first embodiment, showing the flow of refrig-
erant in the air conditioning apparatus during the air-
warming operation;
FIG. 14 is a diagram showing the flow of refrigerant
(when the first heat exchange path is being defrost-
ed) in the air conditioning apparatus during the air-
warming defrost operation in Modification 3 of the
first embodiment;
FIG. 15 is a schematic configuration diagram of the
air conditioning apparatus according to Modification
4 of the first embodiment, showing the flow of refrig-
erant in the air conditioning apparatus during the air-
warming operation;
FIG. 16 is a diagram showing the flow of refrigerant
(when the first heat exchange path is being defrost-
ed) in the air conditioning apparatus during the air-
warming defrost operation in Modification 4 of the
first embodiment;
FIG. 17 is a schematic configuration diagram of the
air conditioning apparatus according to Modification
5 of the first embodiment, showing the flow of refrig-
erant in the air conditioning apparatus during the air-
warming operation;
FIG. 18 is a diagram showing the flow of refrigerant
(when the first heat exchange path is being defrost-
ed) in the air conditioning apparatus during the air-
warming defrost operation in Modification 5 of the
first embodiment;
FIG. 19 is a schematic configuration diagram of the
air conditioning apparatus according to Modification
6 of the first embodiment, showing the flow of refrig-
erant in the air conditioning apparatus during the air-
warming operation;
FIG. 20 is a diagram showing the flow of refrigerant
(when the first heat exchange path is being defrost-
ed) in the air conditioning apparatus during the air-
warming defrost operation in Modification 6 of the
first embodiment;
FIG. 21 is a schematic configuration diagram of the
air conditioning apparatus according to the second
embodiment of the present invention;
FIG. 22 is a diagram schematically depicting the out-
door heat exchanger of the second embodiment and
the surrounding structure;
FIG. 23 is a diagram showing the flow of refrigerant
in the air conditioning apparatus during the air-warm-
ing operation of the second embodiment;
FIG. 24 is a diagram showing the flow of refrigerant
(when the first heat exchange path is being defrost-
ed) in the air conditioning apparatus during the air-
warming defrost operation of the second embodi-
ment;
FIG. 25 is a pressure-enthalpy graph depicting the
refrigeration cycle during the air-warming defrost op-
eration of the second embodiment;
FIG. 26 is a schematic configuration diagram of the
air conditioning apparatus according to Modification
2 of the second embodiment, showing the flow of

refrigerant in the air conditioning apparatus during
the air-warming operation;
FIG. 27 is a diagram showing the flow of refrigerant
(when the first heat exchange path is being defrost-
ed) in the air conditioning apparatus during the air-
warming defrost operation in Modification 2 of the
second embodiment;
FIG. 28 is a schematic configuration diagram of the
air conditioning apparatus according to Modification
3 of the second embodiment, showing the flow of
refrigerant in the air conditioning apparatus during
the air-warming operation;
FIG. 29 is a diagram showing the flow of refrigerant
(when the first heat exchange path is being defrost-
ed) in the air conditioning apparatus during the air-
warming defrost operation in Modification 3 of the
second embodiment;
FIG. 30 is a schematic configuration diagram of the
air conditioning apparatus according to Modification
4 of the second embodiment, showing the flow of
refrigerant in the air conditioning apparatus during
the air-warming operation;
FIG. 31 is a diagram showing the flow of refrigerant
(when the first heat exchange path is being defrost-
ed) in the air conditioning apparatus during the air-
warming defrost operation in Modification 4 of the
second embodiment;
FIG. 32 is a schematic configuration diagram of the
air conditioning apparatus according to Modification
5 of the second embodiment, showing the flow of
refrigerant in the air conditioning apparatus during
the air-warming operation;
FIG. 33 is a diagram showing the flow of refrigerant
(when the first heat exchange path is being defrost-
ed) in the air conditioning apparatus during the air-
warming defrost operation in Modification 5 of the
second embodiment;
FIG. 34 is a schematic configuration diagram of the
air conditioning apparatus according to Modification
6 of the second embodiment, showing the flow of
refrigerant in the air conditioning apparatus during
the air-warming operation;
FIG. 35 is a diagram showing the flow of refrigerant
(when the first heat exchange path is being defrost-
ed) in the air conditioning apparatus during the air-
warming defrost operation in Modification 6 of the
second embodiment; and
FIG. 37 is a schematic configuration diagram of an
air conditioning apparatus according to another em-
bodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0016] Embodiments of the air conditioning apparatus
according to the present invention are described below
based on the drawings.
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<First Embodiment>

(Overall configuration)

[0017] FIG. 1 is a schematic configuration diagram of
the air conditioning apparatus 1 according to the first em-
bodiment of the present invention. The air conditioning
apparatus 1 is capable of performing an air-warming op-
eration, and a split type apparatus is employed herein.
The air conditioning apparatus 1 has primarily an outdoor
unit 2, an indoor unit 4, and a liquid refrigerant commu-
nication tube 5 and a gas refrigerant communication tube
6 connecting the outdoor unit 2 and the indoor unit 4. By
being connected via the liquid refrigerant communication
tube 5 and the gas refrigerant communication tube 6, the
outdoor unit 2 and the indoor unit 4 constitute a refrigerant
circuit 10 for performing a vapor compression type refrig-
eration cycle.

(Indoor unit)

[0018] The indoor unit 4, which is installed indoors,
constitutes part of the refrigerant circuit 10. The indoor
unit 4 has primarily an indoor heat exchanger 41.
[0019] The indoor heat exchanger 41 is a heat ex-
changer which functions as an evaporator of refrigerant
and cools the air in the room during an air-cooling oper-
ation, and functions as a heat radiator of refrigerant and
heats the air in the room during the air-warming opera-
tion. A cross fin type fin-and-tube heat exchanger con-
figured from a heat transfer tube and numerous fins is
employed herein as the indoor heat exchanger 41. The
liquid side of the indoor heat exchanger 41 is connected
to the liquid refrigerant communication tube 5, and the
gas side is connected to the gas refrigerant communica-
tion tube 6.
[0020] The indoor unit 4 has an indoor controller 49 for
controlling the actions of the components constituting the
indoor unit 4. The indoor controller 49 has a microcom-
puter, a memory, and other components for controlling
the indoor unit 4, and can exchange control signals and
the like with an outdoor controller 29 (described herein-
after) of the outdoor unit 2.

(Outdoor unit)

[0021] The outdoor unit 2, which is installed outdoors,
constitutes part of the refrigerant circuit 10. The outdoor
unit 2 has primarily a compressor 21, a four-way switch-
ing valve 22, an outdoor heat exchanger 23, an expan-
sion valve 24, an outdoor fan 25, and a defrosting flow
channel mechanism 26. In the structure (a so-called trunk
structure) employed for the outdoor unit 2 herein, the
interior of a substantially rectangular box-shaped unit
casing 51 is divided into an air-blower chamber S1 and
a machinery chamber S2 by a partitioning plate 58 ex-
tending vertically, as shown in FIG. 2. FIG. 2 is a plan
view of the outdoor unit 2 (excluding the depiction of a

top plate). Primarily in the outdoor unit 2, various instru-
ments 21 to 26 and the like are accommodated inside
the substantially rectangular box-shaped unit casing 51.
[0022] The unit casing 51 has primarily a bottom plate
52, a top plate, a left front plate 54, a right front plate 56,
a right side plate 57, and the partitioning plate 58. The
bottom plate 52 is a horizontally long substantially rec-
tangular plate-shaped member constituting the bottom
surface portion of the unit casing 51. The bottom plate
52 is designed so as to also function as a drain pan for
receiving drain water flowing down from the outdoor heat
exchanger 23. The top plate, though not shown in FIG.
2, is a horizontally long substantially rectangular plate-
shaped member constituting the top surface portion of
the outdoor unit 2. The left front plate 54 is primarily a
plate-shaped member constituting the left front surface
portion and the left side surface portion of the unit casing
51. Formed in the left front plate 54 is an intake port 55a
for air drawn into the unit casing 51 by the outdoor fan
25. The left front plate 54 is also provided with a blowout
port 54a for blowing out air taken into the interior from
the back surface side and left surface side of the unit
casing 51 by the outdoor fan 25. The right front plate 56
is primarily a plate-shaped member constituting the right
front surface portion and the front part of the right side
surface of the unit casing 51. The right side plate 57 is
primarily a plate-shaped member constituting the rear
part of the right side surface and the right back surface
portion of the unit casing 51. Between the rear end of the
left front plate 54 and the back surface side end of the
right side plate 57 with respect to the left-right direction,
an intake port 55b is formed for air drawn into the unit
casing 51 by the outdoor fan 25. The partitioning plate
58 is a plate-shaped member extending vertically and
disposed on the bottom plate 52, and is disposed so as
to partition the internal space of the unit casing 51 into
two left and right spaces (i.e. the air-blower chamber S1
and the machinery chamber S2).
[0023] The compressor 21 is a compressor for drawing
in low-pressure gas refrigerant in the refrigeration cycle,
compressing the refrigerant into a high-pressure gas re-
frigerant in the refrigeration cycle, and then discharging
the refrigerant. The compressor 21 herein is a hermeti-
cally sealed compressor in which a positive displacement
compression element (not shown), such as a rotary or
scroll element accommodated in a casing (not shown),
is driven by a compressor motor 21 a similarly accom-
modated in the casing. The intake side and discharge
side of the compressor 21 are connected to the four-way
switching valve 22. The compressor 21 is disposed in
the machinery chamber S2.
[0024] The four-way switching valve 22 is a valve for
switching the direction of refrigerant flow during a switch
between the air-cooling operation and the air-warming
operation. During the air-cooling operation, the four-way
switching valve 22 is capable of connecting the discharge
side of the compressor 21 and the gas side of the outdoor
heat exchanger 23, and also connecting the gas refrig-
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erant communication tube 6 and the intake side of the
compressor 21 (refer to the solid lines of the four-way
switching valve 22 in FIG. 1). During the air-warming op-
eration, the four-way switching valve 22 is capable of
connecting the discharge side of the compressor 21 and
the gas refrigerant communication tube 6, and also con-
necting the gas side of the outdoor heat exchanger 23
and the intake side of the compressor 21 (refer to the
dashed lines of the four-way switching valve 22 in FIG.
1). The four-way switching valve 22 is connected to the
gas refrigerant communication tube 6, the intake side
and discharge side of the compressor 21, and the gas
side of the outdoor heat exchanger 23. Though not shown
in FIG. 2, the four-way switching valve 22 is disposed in
the machinery chamber S2.
[0025] The outdoor heat exchanger 23 is a heat ex-
changer which functions as a heat radiator of refrigerant
during the air-cooling operation and functions as an evap-
orator of refrigerant during the air-warming operation.
The outdoor heat exchanger 23 herein is a cross fin type
fin-and-tube heat exchanger configured from a heat
transfer tube and numerous fins. The liquid side of the
outdoor heat exchanger 23 is connected to the expansion
valve 24 via a liquid refrigerant tube 27, and the gas side
is connected to the four-way switching valve 22 via a gas
refrigerant tube 28.
[0026] More specifically, the outdoor heat exchanger
23 has numerous fins 61, and numerous heat transfer
tubes 62 attached in a state of passing through the fins
61 in the plate thickness direction (see FIG. 2). In this
outdoor heat exchanger 23, the heat transfer tubes 62
are assorted in a plural system (three in this case) in the
up-down direction, forming a first heat exchange path 31,
a second heat exchange path 32, and a third heat ex-
change path 33 which are independent of each other, as
shown in FIG. 3. FIG. 3 is a diagram schematically de-
picting the outdoor heat exchanger 23 and the surround-
ing structure. The liquid-side ends of the first through
third heat exchange paths 31 to 33 are connected to a
refrigerant flow diverter 64 via first through third capillary
tubes 63a to 63c, respectively. The refrigerant flow di-
verter 64 is a tube member for converging the first through
third capillary tubes 63a to 63c connected to the liquid-
side ends of the first through third heat exchange paths
31 to 33, and the refrigerant flow diverter is connected
to the liquid refrigerant tube 27. The gas-side ends of the
first through third heat exchange paths 31 to 33 are con-
nected to a header 66 via first through third header com-
munication tubes 65a to 65c, respectively. The header
66 is a tube member for converging the first through third
header communication tubes 65a to 65c connected to
the gas-side ends of the first through third heat exchange
paths 31 to 33, and the header is connected to the gas
refrigerant tube 28. Thus, the plurality (three in this case)
of heat exchange paths 31 to 33 constituting the outdoor
heat exchanger 23 are connected in parallel to each other
via the refrigerant flow diverter 64 and the header 66.
During the air-cooling operation, all of the heat exchange

paths 31 to 33 function as heat radiators of refrigerant,
and during the air-warming operation, all of the heat ex-
change paths 31 to 33 function as evaporators of refrig-
erant. The outdoor heat exchanger 23 (i.e. the heat ex-
change paths 31 to 33) has an L shape running from the
left side surface along the back surface of the unit casing
51. The tube members 63a to 63c, 64, 65a to 65c, and
66 connecting the heat exchange paths 31 to 33, though
not shown in FIG. 2, are disposed in a space on the right
end side of the outdoor heat exchanger 23, i.e. in the
machinery chamber S2.
[0027] The expansion valve 24 is an electric expansion
valve capable of depressurizing the high-pressure liquid
refrigerant heat-radiated in the outdoor heat exchanger
23 during the air-cooling operation before the refrigerant
is sent to the indoor heat exchanger 41, and depressu-
rizing the high-pressure liquid refrigerant heat-radiated
in the indoor heat exchanger 41 during the air-warming
operation before the refrigerant is sent to the outdoor
heat exchanger 23. The expansion valve 24 is provided
to the liquid refrigerant tube 27, one end thereof is con-
nected to the liquid refrigerant communication tube 5,
and the other end is connected to the outdoor heat ex-
changer 23. Though not shown in FIG. 2, the expansion
valve 24 is disposed in the machinery chamber S2.
[0028] The outdoor fan 25 is an air blower for drawing
outdoor air into the outdoor unit 2, supplying the outdoor
air to the outdoor heat exchanger 23, and then expelling
the air out of the unit. The outdoor fan 25 herein is a
propeller fan driven by an outdoor fan motor 25a. The
outdoor fan 25 is disposed in the front side of the outdoor
heat exchanger 23 in the air-blower chamber S1. When
the outdoor fan 25 is driven air is taken into the interior
through the intake ports 55a, 55b in the back surface and
left side surface of the unit casing 51, the air is passed
through the outdoor heat exchanger 23, and the air is
then blown out of the unit casing 51 from the blowout port
54a in the front surface of the unit casing 51. The outdoor
heat exchanger 23 is thereby a heat exchanger for either
radiating the heat of the refrigerant using the outdoor air
as a cooling source, or evaporating the refrigerant using
the outdoor air as a heating source.
[0029] The defrosting flow channel mechanism 26 is a
mechanism for sending the refrigerant sent to the outdoor
heat exchanger 23 from the indoor heat exchanger 41 to
the gas-side end of an arbitrarily selected heat exchange
path of the plurality of heat exchange paths 31 to 33,
without channeling the refrigerant to the refrigerant flow
diverter 64. The defrosting flow channel mechanism 26
is provided in order to perform an air-warming defrost
operation, described hereinafter. The air-warming de-
frost operation is an operation for evaporating the refrig-
erant sent to the outdoor heat exchanger 23 from the
indoor heat exchanger 41 while defrosting the arbitrarily
selected heat exchange path of the heat exchange paths
31 to 33 constituting the outdoor heat exchanger 23. The
defrosting flow channel mechanism 26 has primarily a
heat exchange path supply tube 71, a plurality (three in
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this case) of heat exchange path branching tubes 72a to
72c, a plurality (three in this case) of branching-tube-side
heat exchange path selection valves 73a to 73c, a plu-
rality (three in this case) of header-side heat exchange
path selection valves 74a to 74c, and a diverter-tube-side
selection valve 75. Though not shown in FIG. 2, the de-
frosting flow channel mechanism 26 (i.e. the refrigerant
tubes and valves 71, 72a to 72c, 73a to 73c, 74a to 74c,
and 75) is disposed in the machinery chamber S2.
[0030] The heat exchange path supply tube 71 is a
refrigerant tube for causing the refrigerant sent to the
outdoor heat exchanger 23 from the indoor heat ex-
changer 41 to branch from the liquid refrigerant tube 27
before the refrigerant flows into the refrigerant flow di-
verter 64. One end of the heat exchange path supply
tube 71 is connected to the portion of the liquid refrigerant
tube 27 that is between the expansion valve 24 and the
refrigerant flow diverter 64, and the other end is connect-
ed to the heat exchange path branching tubes 72a to 72c.
[0031] The first through third heat exchange path
branching tubes 72a to 72c are refrigerant tubes for sup-
plying the refrigerant flowing through the heat exchange
path supply tube 71 to the gas-side ends of the first
through third heat exchange paths 31 to 33. The first
through third heat exchange path branching tubes 72a
to 72c are connected at one end to the heat exchange
path supply tube 71, and connected at the other end to
the first through third header communication tubes 65a
to 65c, respectively.
[0032] The first through third branching-tube-side heat
exchange path selection valves 73a to 73c, together with
the first through third header-side heat exchange path
selection valves 74a to 74c, are electromagnetic valves
for selecting which heat exchange path gas-side end of
the heat exchange paths 31 to 33 the refrigerant flowing
through the heat exchange path supply tube 71 will be
sent to. The first through third branching-tube-side heat
exchange path selection valves 73a to 73c are provided
to the first through third heat exchange path branching
tubes 72a to 72c, respectively. The first through third
branching-tube-side heat exchange path selection
valves 73a to 73c are all designed to be closed during
both the air-cooling operation and the air-warming oper-
ation. During the air-warming defrost operation, of the
first through third branching-tube-side heat exchange
path selection valves 73a to 73c, the branching-tube-side
heat exchange path selection valve corresponding to the
heat exchange path being defrosted is opened, while the
branching-tube-side heat exchange path selection
valves corresponding to the other heat exchange paths
are closed.
[0033] The first through third header-side heat ex-
change path selection valves 74a to 74c, together with
the first through third branching-tube-side heat exchange
path selection valves 73a to 73c, are electromagnetic
valves for selecting which heat exchange path gas-side
end of the heat exchange paths 31 to 33 the refrigerant
flowing through the heat exchange path supply tube 71

will be sent to. The first through third header-side heat
exchange path selection valves 74a to 74c are provided
to respective portions of the first through third header
communication tubes 65a to 65c that are between the
header 66 and the positions where the other ends of the
first through third heat exchange path branching tubes
72a to 72c are connected. The first through third header-
side heat exchange path selection valves 74a to 74c are
all designed to be open during both the air-cooling oper-
ation and the air-warming operation. During the air-warm-
ing defrost operation, of the first through third header-
side heat exchange path selection valves 74a to 74c, the
header-side heat exchange path selection valve corre-
sponding to the heat exchange path being defrosted is
closed, while the header-side heat exchange path selec-
tion valves corresponding to the other heat exchange
paths are open.
[0034] The diverter-tube-side selection valve 75 is an
electromagnetic valve for selecting whether or not the
refrigerant sent to the outdoor heat exchanger 23 from
the indoor heat exchanger 41 will be made to branch from
the liquid refrigerant tube 27 before flowing into the re-
frigerant flow diverter 64. The diverter-tube-side selec-
tion valve 75 is provided to a portion in the liquid refrig-
erant tube 27 that is between the refrigerant flow diverter
64 and the position where the heat exchange path supply
tube 71 branches. The diverter-tube-side selection valve
75 is designed so as to be open during both the air-cooling
operation and the air-warming operation. The diverter-
tube-side selection valve 75 is also designed so as to be
closed during the air-warming defrost operation.
[0035] The outdoor unit 2 is also provided with an out-
door heat exchange temperature sensor 67 for detecting
the saturation temperature Tsat of refrigerant flowing
through the outdoor heat exchanger 23. The outdoor heat
exchange temperature sensor 67 herein is provided in
proximity to the liquid-side end of the first heat exchange
path 31 of the outdoor heat exchanger 23.
[0036] The outdoor unit 2 also has the outdoor control-
ler 29 for controlling the actions of the components con-
stituting the outdoor unit 2. The outdoor controller 29 has
a microcomputer, a memory, and the like for controlling
the outdoor unit 2, and the outdoor controller is capable
of exchanging control signals and the like with the indoor
controller 49 of the indoor unit 4.
[0037] A controller 8 for performing operation controls
and the like for the air conditioning apparatus 1 is con-
figured by the outdoor controller 29 and the indoor con-
troller 49 (see FIGS. 1 and 4). FIG. 4 is a control block
diagram of the air conditioning apparatus 1.

(Action)

[0038] Next is a description of the action of the air con-
ditioning apparatus 1 having the configuration described
above. The controls of the various instruments, the var-
ious processes, and the like needed to perform the fol-
lowing action are performed by the controller 8.
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[0039] The operations of the air conditioning apparatus
1 include the air-cooling operation for cooling the air in
the room, the air-warming operation for only warming the
air in the room, and the air-warming defrost operation for
both defrosting the outdoor heat exchanger 23 and warm-
ing the air in the room. The actions during these opera-
tions are described below using FIGS. 5 to 8. FIG. 5 is a
diagram showing the flow of refrigerant in the air condi-
tioning apparatus 1 during the air-warming operation.
FIG. 6 is a flowchart of the air-warming defrost operation.
FIG. 7 is a diagram showing the flow of refrigerant in the
air conditioning apparatus 1 during the air-warming de-
frost operation (when the first heat exchange path 31 is
being defrosted). FIG. 8 is pressure-enthalpy graph de-
picting the refrigeration cycle during the air-warming de-
frost operation.

-Air-cooling operation-

[0040] The air-cooling operation is an operation for cir-
culating refrigerant in order through the compressor 21,
the outdoor heat exchanger 23, the indoor heat exchang-
er 41, and the compressor 21. In the air-cooling opera-
tion, the outdoor heat exchanger 23 functions as a heat
radiator of refrigerant and the indoor heat exchanger 41
functions as an evaporator of refrigerant, thereby cooling
the indoor air.
[0041] In the air-cooling operation, the four-way
switching valve 22 is switched so as to create a state in
which the outdoor heat exchanger 23 functions as a heat
radiator of refrigerant and the indoor heat exchanger 41
functions as an evaporator of refrigerant (i.e. the state
shown by the solid lines of the four-way switching valve
22 in FIG. 1). This is also a state in which the first through
third branching-tube-side heat exchange path selection
valves 73a to 73c are all closed, the first through third
header-side heat exchange path selection valves 74a to
74c are all open, and the diverter-tube-side selection
valve 75 is open. Specifically, this is a state in which
refrigerant does not flow to the heat exchange path sup-
ply tube 71 or the first through third heat exchange path
branching tubes 72a to 72c of the defrosting flow channel
mechanism 26.
[0042] In the refrigerant circuit 10 in this state, low-
pressure refrigerant in the refrigeration cycle is drawn
into the compressor 21, compressed to a high pressure
in the refrigeration cycle, and then discharged. The high-
pressure refrigerant discharged from the compressor 21
is sent through the four-way switching valve 22 to the
outdoor heat exchanger 23. The high-pressure refriger-
ant discharged from the compressor 21 is sent through
the four-way switching valve 22, the gas refrigerant tube
28, the header 66, the header communication tubes 65a
to 65c, and the header-side heat exchange path selection
valves 74a to 74c to the gas-side ends of the heat ex-
change paths 31 to 33 of the outdoor heat exchanger 23.
The high-pressure refrigerant sent to the gas-side ends
of the heat exchange paths 31 to 33 undergoes heat ex-

change in the heat exchange paths 31 to 33 with the
outdoor air supplied by the outdoor fan 25, and the re-
frigerant radiates heat. The high-pressure refrigerant that
has radiated heat in the heat exchange paths 31 to 33 is
sent from the liquid-side ends of the heat exchange paths
31 to 33 through the capillary tubes 63a to 63c, the re-
frigerant flow diverter 64, the liquid refrigerant tube 27,
and the diverter-tube-side selection valve 75 to the ex-
pansion valve 24. The refrigerant sent to the expansion
valve 24 is depressurized to a low pressure in the refrig-
eration cycle. The low-pressure refrigerant depressu-
rized in the expansion valve 24 is sent through the liquid
refrigerant communication tube 5 to the indoor heat ex-
changer 41. The low-pressure refrigerant sent to the in-
door heat exchanger 41 undergoes heat exchange with
the indoor air in the indoor heat exchanger 41, and the
refrigerant evaporates. The low-pressure refrigerant
evaporated in the indoor heat exchanger 41 is drawn
through the gas refrigerant communication tube 6 and
the four-way switching valve 22 back into the compressor
21.

-Air-warming operation-

[0043] The air-warming operation is an operation for
circulating refrigerant in order through the compressor
21, the indoor heat exchanger 41, the outdoor heat ex-
changer 23, and the compressor 21. In the air-warming
operation, the indoor heat exchanger 41 functions as a
heat radiator of refrigerant and the outdoor heat exchang-
er 23 functions as an evaporator of refrigerant, thereby
heating the indoor air.
[0044] In the air-warming operation, the four-way
switching valve 22 is switched so as to create a state in
which the indoor heat exchanger 41 functions as a heat
radiator of refrigerant and the outdoor heat exchanger
23 functions as an evaporator of refrigerant (i.e. the state
shown by the dashed lines of the four-way switching valve
22 in FIGS. 1 and 5). This is also a state in which the first
through third branching-tube-side heat exchange path
selection valves 73a to 73c are all closed, the first through
third header-side heat exchange path selection valves
74a to 74c are all open, and the diverter-tube-side selec-
tion valve 75 is open. Specifically, this is a state in which
refrigerant does not flow to the heat exchange path sup-
ply tube 71 or the first through third heat exchange path
branching tubes 72a to 72c of the defrosting flow channel
mechanism 26.
[0045] In the refrigerant circuit 10 in this state, low-
pressure refrigerant in the refrigeration cycle is drawn
into the compressor 21, compressed to a high pressure
in the refrigeration cycle, and then discharged. The high-
pressure refrigerant discharged from the compressor 21
is sent through the four-way switching valve 22 and
through the gas refrigerant communication tube 6 to the
indoor heat exchanger 41. The high-pressure refrigerant
sent to the indoor heat exchanger 41 undergoes heat
exchange with the indoor air in the indoor heat exchanger
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41, and the refrigerant radiates heat. The high-pressure
refrigerant that has radiated heat in the indoor heat ex-
changer 41 is sent through the liquid refrigerant commu-
nication tube 5 to the expansion valve 24 and depressu-
rized to a low pressure in the refrigeration cycle. The low-
pressure refrigerant depressurized in the expansion
valve 24 is sent to the outdoor heat exchanger 23. The
low-pressure refrigerant depressurized in the expansion
valve 24 is sent through the liquid refrigerant tube 27, the
diverter-tube-side selection valve 75, the refrigerant flow
diverter 64, and the capillary tubes 63a to 63c to the liquid-
side ends of the heat exchange paths 31 to 33 of the
outdoor heat exchanger 23. The low-pressure refrigerant
sent to the liquid-side ends of the heat exchange paths
31 to 33 undergoes heat exchange with the outdoor air
supplied by the outdoor fan 25 in the heat exchange paths
31 to 33, and the refrigerant evaporates. The low-pres-
sure refrigerant evaporated in the heat exchange paths
31 to 33 is drawn from the gas-side ends of the heat
exchange paths 31 to 33, through the header communi-
cation tubes 65a to 65c, the header-side heat exchange
path selection valves 74a to 74c, the header 66, the gas
refrigerant tube 28, and the four-way switching valve 22,
back into the compressor 21.

-Air-warming defrost operation-

[0046] The air-warming defrost operation is an opera-
tion in which the outdoor heat exchanger 23 is defrosted
by the defrosting flow channel mechanism 26 while re-
frigerant is circulated in order through the compressor
21, the indoor heat exchanger 41, the outdoor heat ex-
changer 23, and the compressor 21, similar to the air-
warming operation. In the air-warming defrost operation,
the indoor heat exchanger 41 functions as a heat radiator
of refrigerant, any one of the first through third heat ex-
change paths 31 to 33 of the outdoor heat exchanger 23
functions as a heat radiator of refrigerant, and the re-
maining heat exchange paths 31 to 33 function as evap-
orators of refrigerant. The indoor air is thereby heated
while the first through third heat exchange paths 31 to
33 of the outdoor heat exchanger 23 are sequentially
defrosted.
[0047] The switched state of the four-way switching
valve 22 in the air-warming defrost operation is the same
as during the air-warming operation. Specifically, the
four-way switching valve 22 goes into a state in which
the indoor heat exchanger 41 functions as a heat radiator
of refrigerant and the outdoor heat exchanger 23 func-
tions as an evaporator of refrigerant (i.e. the state shown
by the dashed lines of the four-way switching valve 22 in
FIGS. 1 and 7). To sequentially defrost the first through
third heat exchange paths 31 to 33 of the outdoor heat
exchanger 23, the selection valves 73a to 73c, 74a to
74c, and 75 are switched to different opened and closed
states during the air-cooling operation and during the air-
warming operation. Specifically, the state in the air-warm-
ing defrost operation is such that refrigerant flows to the

heat exchange path supply tube 71 and the first through
third heat exchange path branching tubes 72a to 72c of
the defrosting flow channel mechanism 26. The action
during the air-warming defrost operation is described be-
low in detail, including the procedure from the start to the
end of the air-warming defrost operation.
[0048] First, in step S1, a determination is made as to
whether or not the amount of frost formed in the outdoor
heat exchanger 23 has been increased by the air-warm-
ing operation and defrosting is required. This determina-
tion of whether or not defrosting is required could be
made based on the continuation time of the air-warming
operation or the temperature of the outdoor heat ex-
changer 23, but in this case the determination is made
based on the saturation temperature Tsat detected by
the outdoor heat exchange temperature sensor 67. Spe-
cifically, when the saturation temperature Tsat is equal
to or less than a predetermined temperature Tm, it is
determined that defrosting of the outdoor heat exchanger
23 is required. When it is determined that defrosting of
the outdoor heat exchanger 23 is required in step S1, the
sequence transitions to the process of step S2.
[0049] Next, in steps S2 to S7, the first through third
heat exchange paths 31 to 33 of the outdoor heat ex-
changer 23 are sequentially defrosted. Defrosting of the
first through third heat exchange paths 31 to 33 may es-
sentially be arbitrarily selected, but taking into account
the flow of drain water produced by defrosting and ex-
pelled to the bottom plate 52 of the unit casing 51, de-
frosting is preferably performed from the top of the out-
door heat exchanger 23 toward the bottom. Therefore,
defrosting herein is performed in order of the first heat
exchange path 31, the second heat exchange path 32,
and the third heat exchange path 33.
[0050] Defrosting of the first heat exchange path 31
(step S2) is performed by switching the opened and
closed states of the selection valves 73a to 73c, 74a to
74c, and 75 of the defrosting flow channel mechanism
26. Specifically, the valves are switched to a state in
which the first branching-tube-side heat exchange path
selection valve 73a is opened, the second and third
branching-tube-side heat exchange path selection
valves 73b, 73c are closed, the first header-side heat
exchange path selection valve 74a is closed, the second
and third header-side heat exchange path selection
valves 74b, 74c are opened, and the diverter-tube-side
selection valve 75 is closed. Because the air-warming
operation is performed until prior to the start of the de-
frosting of the first heat exchange path 31, a switching
action is performed for opening the first branching-tube-
side heat exchange path selection valve 73a, closing the
first header-side heat exchange path selection valve 74a,
and closing the diverter-tube-side selection valve 75. Re-
frigerant thereby flows to the heat exchange path supply
tube 71 and the first heat exchange path branching tube
72a of the defrosting flow channel mechanism 26.
[0051] In the refrigerant circuit 10 in this state, low-
pressure refrigerant in the refrigeration cycle (see point
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A in FIGS. 7 and 8) is drawn into the compressor 21,
compressed to a high pressure in the refrigeration cycle,
and then discharged (see point B in FIGS. 7 and 8). The
high-pressure refrigerant discharged from the compres-
sor 21 is sent through the four-way switching valve 22
and through the gas refrigerant communication tube 6 to
the indoor heat exchanger 41. The high-pressure refrig-
erant sent to the indoor heat exchanger 41 undergoes
heat exchange with indoor air in the indoor heat exchang-
er 41, and the refrigerant radiates heat (see point C in
FIGS. 7 and 8). So far the process has been identical to
the air-warming operation. The high-pressure refrigerant
heat-radiated in the indoor heat exchanger 41 is sent
through the liquid refrigerant communication tube 5 to
the expansion valve 24, and depressurized to a pressure
between the high pressure and low pressure in the re-
frigeration cycle (referred to below as the intermediate
pressure) (see point D in FIGS. 7 and 8). The intermedi-
ate pressure refrigerant depressurized in the expansion
valve 24 is sent to the outdoor heat exchanger 23. The
intermediate pressure refrigerant depressurized in the
expansion valve 24 is sent from the liquid refrigerant tube
27 to the heat exchange path supply tube 71. The inter-
mediate pressure refrigerant sent to the heat exchange
path supply tube 71 is sent through the first heat ex-
change path branching tube 72a, the first branching-
tube-side heat exchange path selection valve 73a, and
the first header communication tube 65a to the gas-side
end of the first heat exchange path 31 of the outdoor heat
exchanger 23. Thus, all of the refrigerant sent to the out-
door heat exchanger 23 from the indoor heat exchanger
41 is sent to the gas-side end of the first heat exchange
path 31 without flowing into the refrigerant flow diverter
64. The intermediate pressure refrigerant sent to the gas-
side end of the first heat exchange path 31 passes
through the first heat exchange path 31 from the gas-
side end toward the liquid-side end of the first heat ex-
change path 31, and melts the frost adhering to the first
heat exchange path 31 of the outdoor heat exchanger
23 (see point E in FIGS. 7 and 8). The first heat exchange
path 31 of the outdoor heat exchanger 23 is thereby de-
frosted. The intermediate pressure refrigerant passing
through the first heat exchange path 31 is then sent from
the liquid-side end of the first heat exchange path 31,
through the first capillary tube 63a, to the refrigerant flow
diverter 64. Because intermediate pressure refrigerant
flows through the first capillary tube 63a at a greater flow
rate than during the air-cooling operation or the air-warm-
ing operation, pressure loss is greater than that of refrig-
erant flow during the air-cooling operation or the air-
warming operation, and the refrigerant is depressurized
to a pressure between the intermediate pressure (i.e. the
pressure at point E in FIGS. 7 and 8) and the low pressure
in the refrigeration cycle (see point F in FIGS. 7 and 8).
The low-pressure refrigerant sent to the refrigerant flow
diverter 64 is then passed through the refrigerant flow
diverter 64 so as to turn back because the diverter-tube-
side selection valve 75 is closed, and the refrigerant is

branched to the second and third capillary tubes 63b,
63c and sent to the liquid-side ends of the second and
third heat exchange paths 32, 33. At this time, due to
passing through the second and third capillary tubes 63b,
63c, the refrigerant is depressurized to a low pressure in
the refrigeration cycle (see point G in FIGS. 7 and 8).
The low-pressure refrigerant sent to the liquid-side ends
of the second and third heat exchange paths 32, 33 then
passes through the second and third heat exchange
paths 32, 33 from the liquid-side ends toward the gas-
side ends of the second and third heat exchange paths
32, 33, undergoes heat exchange with the outdoor air
supplied by the outdoor fan 25, and evaporates (see point
A in FIGS. 7 and 8). The low-pressure refrigerant evap-
orated in the second and third heat exchange paths 32,
33 then passes from the gas-side ends of the second
and third heat exchange paths 32, 33, through the second
and third header communication tubes 65b, 65c, the sec-
ond and third header-side heat exchange path selection
valves 74b, 74c, the header 66, the gas refrigerant tube
28, and the four-way switching valve 22, to be drawn
back into the compressor 21. Thus, defrosting of the first
heat exchange path 31 is initiated while the air in the
room continues to be warmed. Defrosting of the first heat
exchange path 31 is then performed until defrosting of
the first heat exchange path 31 is complete (step S3). In
this case, defrosting is performed until the first heat ex-
change path 31 defrosting time duration t1 reaches a
predetermined time duration that has been set in ad-
vance (i.e., a time at which defrosting of the first heat
exchange path 31 can be considered to be complete).
[0052] The second heat exchange path 32 is defrosted
(step S4) by switching the opened and closed states of
the selection valves 73a to 73c, 74a to 74c, and 75 of
the defrosting flow channel mechanism 26, similar to the
first heat exchange path 31. Specifically, the valves are
switched to a state in which the second branching-tube-
side heat exchange path selection valve 73b is opened,
the first and third branching-tube-side heat exchange
path selection valves 73a, 73c are closed, the second
header-side heat exchange path selection valve 74b is
closed, the first and third header-side heat exchange path
selection valves 74a, 74c are opened, and the diverter-
tube-side selection valve 75 is closed. Because the first
heat exchange path 31 is defrosted until prior to the start
of defrosting of the second heat exchange path 32, a
switching action is performed for opening the second
branching-tube-side heat exchange path selection valve
73b, closing the first branching-tube-side heat exchange
path selection valve 73a, opening the first header-side
heat exchange path selection valve 74a, and closing the
second header-side heat exchange path selection valve
74b. Refrigerant thereby flows to the heat exchange path
supply tube 71 and the second heat exchange path
branching tube 72b of the defrosting flow channel mech-
anism 26.
[0053] In the refrigerant circuit 10 in this state, low-
pressure refrigerant in the refrigeration cycle is com-
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pressed in the compressor 21 to a high pressure in the
refrigeration cycle, similar to the defrosting of the first
heat exchange path 31; the refrigerant undergoes heat
exchange with indoor air in the indoor heat exchanger
41 and radiates heat, and the refrigerant is depressurized
in the expansion valve 24 to an intermediate pressure in
the refrigeration cycle and sent to the outdoor heat ex-
changer 23. The intermediate pressure refrigerant de-
pressurized in the expansion valve 24 is then sent from
the liquid refrigerant tube 27 to the heat exchange path
supply tube 71. The intermediate pressure refrigerant
sent to the heat exchange path supply tube 71 is then
sent through the second heat exchange path branching
tube 72b, the second branching-tube-side heat ex-
change path selection valve 73b, and the second header
communication tube 65b to the gas-side end of the sec-
ond heat exchange path 32 of the outdoor heat exchang-
er 23. Thus, all of the refrigerant sent to the outdoor heat
exchanger 23 from the indoor heat exchanger 41 is sent
to the gas-side end of the second heat exchange path
32 without flowing into the refrigerant flow diverter 64.
The intermediate pressure refrigerant sent to the gas-
side end of the second heat exchange path 32 passes
through the second heat exchange path 32 from the gas-
side end of the second heat exchange path 32 toward
the liquid-side end, and melts the frost adhering to the
second heat exchange path 32 of the outdoor heat ex-
changer 23. The second heat exchange path 32 of the
outdoor heat exchanger 23 is thereby defrosted. The in-
termediate pressure refrigerant passed through the sec-
ond heat exchange path 32 is then sent from the liquid-
side end of the second heat exchange path 32, through
the second capillary tube 63b, to the refrigerant flow di-
verter 64. At this time, because intermediate pressure
refrigerant flows through the second capillary tube 63b
at a greater flow rate than during the air-cooling operation
or the air-warming operation, pressure loss is greater
than that of refrigerant flow during the air-cooling opera-
tion or the air-warming operation, and the refrigerant is
depressurized to a pressure between the intermediate
pressure and the low pressure in the refrigeration cycle.
The low-pressure refrigerant sent to the refrigerant flow
diverter 64 is then passed through the refrigerant flow
diverter 64 so as to turn back because the diverter-tube-
side selection valve 75 is closed, and the refrigerant is
branched to the first and third capillary tubes 63a, 63c
and sent to the liquid-side ends of the first and third heat
exchange paths 31, 33. At this time, due to passing
through the first and third capillary tubes 63a, 63c, the
refrigerant is depressurized to a low pressure in the re-
frigeration cycle. The low-pressure refrigerant sent to the
liquid-side ends of the first and third heat exchange paths
31, 33 then passes through the first and third heat ex-
change paths 31, 33 from the liquid-side ends of the first
and third heat exchange paths 31, 33 toward the gas-
side ends, undergoes heat exchange with the outdoor
air supplied by the outdoor fan 25, and evaporates. The
low-pressure refrigerant evaporated in the first and third

heat exchange paths 31, 33 then passes from the gas-
side ends of the first and third heat exchange paths 31,
33, through the first and third header communication
tubes 65a, 65c, the first and third header-side heat ex-
change path selection valves 74a, 74c, the header 66,
the gas refrigerant tube 28, and the four-way switching
valve 22, to be drawn back into the compressor 21. Thus,
defrosting of the second heat exchange path 32 is initi-
ated while the air in the room continues to be warmed.
Defrosting of the second heat exchange path 32 is then
performed until defrosting of the second heat exchange
path 32 is complete (step S5). In this case, defrosting is
performed until the second heat exchange path 32 de-
frosting time duration t2 reaches a predetermined time
duration that has been set in advance (i.e. a time at which
defrosting of the second heat exchange path 32 can be
considered to be complete). Because the second heat
exchange path 32 and the other heat exchange paths
31, 33 have different positions in the up-down direction,
the times at which defrosting can be considered to be
complete are also different. Therefore, the predeter-
mined time duration of defrosting the second heat ex-
change path 32 is preferably different from the predeter-
mined time duration of defrosting the other heat ex-
change paths 31, 33. The heat exchange paths 31 to 33
herein have different positional relationships to the out-
door fan 25 and there is deviation in the quantities of
outdoor air passing through the heat exchange paths 31
to 33, and a heat exchange path of greater air quantity
therefore tends to have more frost formed thereon.
Therefore, one possible option is to make the predeter-
mined time duration of defrosting a heat exchange path
of a greater air quantity longer than the predetermined
time duration of defrosting a heat exchange path of lesser
air quantity.
[0054] The third heat exchange path 33 (step S6) is
defrosted by switching the opened and closed states of
the selection valves 73a to 73c, 74a to 74c, and 75 of
the defrosting flow channel mechanism 26, similar to the
first and second heat exchange paths 31, 32. Specifically,
the valves are switched to a state in which the third
branching-tube-side heat exchange path selection valve
73c is opened, the first and second branching-tube-side
heat exchange path selection valves 73a, 73b are closed,
the third header-side heat exchange path selection valve
74c is closed, the first and second header-side heat ex-
change path selection valves 74a, 74b are opened, and
the diverter-tube-side selection valve 75 is closed. Be-
cause the second heat exchange path 32 is defrosted
until prior to the start of defrosting of the third heat ex-
change path 33, a switching action is performed for open-
ing the third branching-tube-side heat exchange path se-
lection valve 73c, closing the second branching-tube-
side heat exchange path selection valve 73b, opening
the second header-side heat exchange path selection
valve 74b, and closing the third header-side heat ex-
change path selection valve 74c. Refrigerant thereby
flows to the heat exchange path supply tube 71 and the
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third heat exchange path branching tube 72c of the de-
frosting flow channel mechanism 26.
[0055] In the refrigerant circuit 10 in this state, low-
pressure refrigerant in the refrigeration cycle is com-
pressed in the compressor 21 to a high pressure in the
refrigeration cycle, similar to the first and second heat
exchange paths 31, 32; the refrigerant undergoes heat
exchange with indoor air in the indoor heat exchanger
41 and radiates heat, and the refrigerant is depressurized
in the expansion valve 24 to an intermediate pressure in
the refrigeration cycle and sent to the outdoor heat ex-
changer 23. The intermediate pressure refrigerant de-
pressurized in the expansion valve 24 is then sent from
the liquid refrigerant tube 27 to the heat exchange path
supply tube 71. The intermediate pressure refrigerant
sent to the heat exchange path supply tube 71 is then
sent through the third heat exchange path branching tube
72c, the third branching-tube-side heat exchange path
selection valve 73c, and the third header communication
tube 65c to the gas-side end of the third heat exchange
path 33 of the outdoor heat exchanger 23. Thus, all of
the refrigerant sent to the outdoor heat exchanger 23
from the indoor heat exchanger 41 is sent to the gas-side
end of the third heat exchange path 33 without flowing
into the refrigerant flow diverter 64. The intermediate
pressure refrigerant sent to the gas-side end of the third
heat exchange path 33 passes through the third heat
exchange path 33 from the gas-side end of the third heat
exchange path 33 toward the liquid-side end, and melts
the frost adhering to the third heat exchange path 33 of
the outdoor heat exchanger 23. The third heat exchange
path 33 of the outdoor heat exchanger 23 is thereby de-
frosted. The intermediate pressure refrigerant passed
through the third heat exchange path 33 is then sent from
the liquid-side end of the third heat exchange path 33,
through the third capillary tube 63c, to the refrigerant flow
diverter 64. At this time, because intermediate pressure
refrigerant flows through the third capillary tube 63c at a
greater flow rate than during the air-cooling operation or
the air-warming operation, pressure loss is greater than
that of refrigerant flow during the air-cooling operation or
the air-warming operation, and the refrigerant is depres-
surized to a pressure between the intermediate pressure
and the low pressure in the refrigeration cycle. The low-
pressure refrigerant sent to the refrigerant flow diverter
64 is then passed through the refrigerant flow diverter 64
so as to turn back because the diverter-tube-side selec-
tion valve 75 is closed, and the refrigerant is branched
to the first and second capillary tubes 63a, 63b and sent
to the liquid-side ends of the first and second heat ex-
change paths 31, 32. At this time, due to passing through
the first and second capillary tubes 63a, 63b, the refrig-
erant is depressurized to a low pressure in the refriger-
ation cycle. The low-pressure refrigerant sent to the liq-
uid-side ends of the first and second heat exchange paths
31, 32 then passes through the first and second heat
exchange paths 31, 32 from the liquid-side ends of the
first and second heat exchange paths 31, 32 toward the

gas-side ends, undergoes heat exchange with the out-
door air supplied by the outdoor fan 25, and evaporates.
The low-pressure refrigerant evaporated in the first and
second heat exchange paths 31, 32 then passes from
the gas-side ends of the first and second heat exchange
paths 31, 32, through the first and second header com-
munication tubes 65a, 65b, the first and second header-
side heat exchange path selection valves 74a, 74b, the
header 66, the gas refrigerant tube 28, and the four-way
switching valve 22, to be drawn back into the compressor
21. Thus, defrosting of the third heat exchange path 33
is initiated while the air in the room continues to be
warmed. Defrosting of the third heat exchange path 33
is then performed until defrosting of the third heat ex-
change path 33 is complete (step S7). In this case, de-
frosting is performed until the third heat exchange path
33 defrosting time duration t3 reaches a predetermined
time duration that has been set in advance (i.e. a time at
which defrosting of the third heat exchange path 33 can
be considered to be complete). Taking into account fac-
tors such as the positional relationships of the heat ex-
change paths 31 to 33 to the outdoor fan 25, the prede-
termined time duration of defrosting the third heat ex-
change path 33 is also preferably different from the pre-
determined time duration of defrosting the other heat ex-
change paths 31, 32.
[0056] After defrosting of all of the heat exchange paths
31 to 33 of the outdoor heat exchanger 23 has been com-
pleted by the processes of steps S2 to S7 described
above, the air-warming operation is resumed (step S8).
[0057] As described above, the air-warming defrost
operation for evaporating refrigerant sent from the indoor
heat exchanger 41 to the outdoor heat exchanger 23 is
performed while an arbitrarily selected heat exchange
path of the heat exchange paths 31 to 33 is defrosted by
the defrosting flow channel mechanism 26. The entire
outdoor heat exchanger 23 is defrosted while the air in
the room continues to be warmed, by sequentially per-
forming the air-warming defrost operation on the plurality
of heat exchange paths 31 to 33.

(Characteristics)

[0058] The air conditioning apparatus 1 of the present
embodiment has characteristics such as the following.
[0059] As described above, the air conditioning appa-
ratus 1 is configured by sequentially connecting a com-
pressor 21 for compressing refrigerant, an indoor heat
exchanger 41 for radiating the heat of the refrigerant com-
pressed in the compressor 21, and an outdoor heat ex-
changer 23 for evaporating the refrigerant heat-radiated
in the indoor heat exchanger 41 by heat exchange with
outdoor air. The air conditioning apparatus 1 is capable
of performing an air-warming operation for circulating re-
frigerant in order through the compressor 21, the indoor
heat exchanger 41, the outdoor heat exchanger 23, and
the compressor 21. The outdoor heat exchanger 23 has
a plurality (three in this case) of heat exchange paths 31
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to 33 connected to each other in parallel. The liquid-side
ends of the plurality of heat exchange paths 31 to 33 are
connected in parallel by a refrigerant flow diverter 64 for
branching the refrigerant sent to the outdoor heat ex-
changer 23 from the indoor heat exchanger 41 to the
liquid-side ends of the plurality of heat exchange paths
31 to 33.
[0060] The air conditioning apparatus 1 is also provid-
ed with a defrosting flow channel mechanism 26 for send-
ing the refrigerant sent to the outdoor heat exchanger 23
from the indoor heat exchanger 41 to the gas-side end
of an arbitrarily selected heat exchange path of the plu-
rality of heat exchange paths 31 to 33, without channeling
the refrigerant into the refrigerant flow diverter 64. In this
air conditioning apparatus 1, the defrosting flow channel
mechanism 26 performs an air-warming defrost opera-
tion for evaporating the refrigerant sent to the outdoor
heat exchanger 23 from the indoor heat exchanger 41
while defrosting the arbitrarily selected heat exchange
path. In the air-warming defrost operation, the refrigerant
sent to the outdoor heat exchanger 23 from the indoor
heat exchanger 41 is not channeled into the refrigerant
flow diverter 64 by the defrosting flow channel mecha-
nism 26, but is passed through the arbitrarily selected
heat exchange path, from the gas-side end to the liquid-
side end of the arbitrarily selected heat exchange path.
The refrigerant passed through the arbitrarily selected
heat exchange path then flows through the refrigerant
flow diverter 64 to be passed through another heat ex-
change path other than the arbitrarily selected heat ex-
change path, from the liquid-side end to the gas-side end
of the other heat exchange path. In the air conditioning
apparatus 1, the entire outdoor heat exchanger 23 can
be defrosted by sequentially performing the air-warming
defrost operation using the defrosting flow channel mech-
anism 26 on the plurality of heat exchange paths 31 to 33.
[0061] In the defrosting system of Patent Literature 1,
electromagnetic valves are provided to the liquid-side
ends of the plurality of heat exchange paths of the outdoor
heat exchanger and the electromagnetic valve of the ar-
bitrarily selected heat exchange path is closed, whereby
the flow of refrigerant in this heat exchange path is
stopped and the arbitrarily selected heat exchange path
is defrosted by the heat of the outdoor air. In the defrosting
system of Patent Literature 2, a bypass channel is pro-
vided for sending some of the refrigerant discharged from
the compressor not to the indoor heat exchanger but to
the liquid-side ends of the plurality of heat exchange
paths of the outdoor heat exchanger, and some of the
refrigerant discharged from the compressor is sent
through this bypass channel not to the indoor heat ex-
changer but to the arbitrarily selected heat exchange path
of the outdoor heat exchanger, whereby the arbitrarily
selected heat exchange path is defrosted by the heat of
the refrigerant (see FIG. 9). FIG. 9 is a pressure-enthalpy
graph depicting the refrigeration cycle during a conven-
tional (Patent Literature 2) defrost operation.
[0062] In the air-warming defrost operation in the air

conditioning apparatus 1, all of the refrigerant com-
pressed in the compressor 21 is sent to the indoor heat
exchanger 41 and used for air warming (see the progres-
sion from point B to point C in FIGS. 7 and 8), after which
defrosting is performed by the heat of the refrigerant sent
to the outdoor heat exchanger 23 from the indoor heat
exchanger 41 (see the progression from point D to point
E in FIGS. 7 and 8).
[0063] Therefore, in the air conditioning apparatus 1,
unlike the defrost system of Patent Literature 2, there is
virtually no reduction of air-warming capability because
all of the refrigerant compressed in the compressor 21
is supplied for warming the air in the room. Moreover, in
the air conditioning apparatus 1, unlike the defrost sys-
tems of Patent Literatures 1 and 2, a high defrosting ca-
pability can be achieved because all of the refrigerant
compressed in the compressor 21 is supplied for defrost-
ing the arbitrarily selected heat exchange path of the out-
door heat exchanger 23. Defrosting can thereby be com-
pleted in a shorter amount of time than in the defrost
systems of Patent Literatures 1 and 2, the time of per-
forming air warming can be lengthened, and the integral
air-warming capability can be increased. Furthermore, in
the air conditioning apparatus 1, unlike the defrost sys-
tem of Patent Literature 1, the outdoor heat exchanger
23 can be defrosted even in weather conditions of an
outside air temperature of 0°C or less because the heat
of the refrigerant is used for defrosting.
[0064] In the air conditioning apparatus 1, defrosting
is performed from the heat exchange path constituting
the top part of the outdoor heat exchanger 23 (the first
heat exchange path 31 in this case) toward the heat ex-
change path constituting the bottom part (the third heat
exchange path 33 in this case). Therefore, drain water
produced by defrosting can be smoothly expelled to the
bottom plate 52 of the unit casing 51.
[0065] In the air conditioning apparatus 1, defrosting
of the heat exchange paths 31 to 33 constituting the out-
door heat exchanger 23 is performed only for a prede-
termined time duration which is set in light of the differ-
ences in the heat exchange path positions. Taking into
account the deviation in the quantities of outdoor air pass-
ing through the heat exchange paths 31 to 33 due to the
differences in the positions of the heat exchange paths
31 to 33 relative to the outdoor fan 25, the predetermined
time duration of defrosting a heat exchange path of great-
er air quantity is longer than the predetermined time du-
ration of defrosting a heat exchange path of lesser air
quantity. Therefore, the predetermined time duration of
defrosting a heat exchange path having more frost ad-
hering due to a greater air quantity can be lengthened,
the predetermined time duration of defrosting a heat ex-
change path having less frost adhering due to a lesser
air quantity can be shortened, and defrosting can thereby
be performed appropriately with an appropriate prede-
termined time duration taking into account for the differ-
ences in the heat exchange path positions.
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(Modification 1)

[0066] In the air-warming defrost operation of the em-
bodiment described above, defrosting of the heat ex-
change paths 31 to 33 was performed until the defrosting
time durations t1 to t3 reached the predetermined time
duration set in advance as shown in steps S3, S5, and
S7 of FIG. 6, but such a configuration is not provided by
way of limitation to the present invention.
[0067] For example, defrosting of the first heat ex-
change path 31, which is defrosted first among the plu-
rality (three in this case) of heat exchange paths 31 to
33 constituting the outdoor heat exchanger 23, is per-
formed until the saturation temperature Tsat detected by
the outdoor heat exchange temperature sensor 67 in-
creases to a predetermined temperature or above (step
S11), as shown in FIG. 10. This predetermined temper-
ature is set to a temperature at which the defrosting of
the first heat exchange path 31 can be considered to be
complete. The defrosting time duration t1 at this time may
be measured, the predetermined time duration of defrost-
ing the second and third heat exchange paths 32, 33 may
be set from this defrosting time duration t1 (step S12),
and defrosting the second and third heat exchange paths
32, 33 may be performed only for this set predetermined
time duration (steps S5 and S7). At this time, the prede-
termined time duration for the second and third heat ex-
change paths 32, 33 may be set to be equal to the de-
frosting time duration t1 of the first heat exchange path
31, and it may be set also taking into account the differ-
ences in heat exchange path positions. FIG. 10 is a flow-
chart of the air-warming defrost operation according to
the present modification.
[0068] Thus, the air-warming defrost operation of the
present modification differs from the former air-warming
defrost operation in which completion of the defrosting
of the heat exchange paths is determined over a time
duration. Specifically, in the air-warming defrost opera-
tion of the present modification, defrosting completion is
sensed from a temperature change in the heat exchange
path defrosted first, at which time completion of defrost-
ing another heat exchange path is determined depending
on a predetermined time duration obtained from the time
duration actually required for defrosting.
[0069] Therefore, in the air-warming defrost operation
of the present modification, a predetermined time dura-
tion for defrosting each heat exchange path is set for
each air-warming defrost operation in accordance with
the state of frost formation on the outdoor heat exchanger
23. Therefore, in the air-warming defrost operation of the
present modification, the predetermined time duration for
defrosting each heat exchange path can be set more
appropriately for each air-warming defrost operation than
in cases in which the heat exchange paths are defrosted
until a predetermined time duration set in advance is
reached.

(Modification 2)

[0070] In the air conditioning apparatus 1 according to
the above embodiment and Modification 1, the defrosting
flow channel mechanism 26 is configured from a heat
exchange path supply tube 71, heat exchange path
branching tubes 72a to 72c, branching-tube-side heat
exchange path selection valves 73a to 73c, header-side
heat exchange path selection valves 74a to 74c, and a
diverter-tube-side selection valve 75, but such a config-
uration is not provided by way of limitation to the air con-
ditioning apparatus.
[0071] For example, a switching valve 77 may be used
in which the branching-tube-side heat exchange path se-
lection valves 73a to 73c are integrated, as shown in
FIGS. 11 and 12. The switching valve 77 herein is a
switching valve that has a function for selecting either to
send the refrigerant flowing through the heat exchange
path supply tube 71 to any one of the heat exchange path
branching tubes 72a to 72c, or not to send the refrigerant
to any of the heat exchange path branching tubes 72a
to 72c. A rotary switching valve is used herein as the
switching valve 77. This switching valve 77 is connected
to the heat exchange path supply tube 71 and the heat
exchange path branching tubes 72a to 72c. In the con-
figuration of the present modification, the switching valve
77 is connected to the controller 8 instead of the branch-
ing-tube-side heat exchange path selection valves 73a
to 73c in the control block diagram of FIG. 2. FIG. 11 is
a schematic configuration diagram of the air conditioning
apparatus 1 according to the present modification, show-
ing the flow of refrigerant in the air conditioning apparatus
1 during the air-warming operation. FIG. 12 is a diagram
showing the flow of refrigerant (when the first heat ex-
change path 31 is being defrosted) in the air conditioning
apparatus 1 during the air-warming defrost operation in
the present modification.
[0072] Even with such a configuration, the same air-
warming operation as the above embodiment can be per-
formed by activating the switching valve 77 so that re-
frigerant is not sent to any of the heat exchange path
branching tubes 72a to 72c, as shown in FIG. 11. The
same air-cooling operation as the above embodiment
can also be performed in the same actuated state of the
switching valve 77 as during the air-warming operation.
The same air-warming defrost operation as in the above
embodiment or Modification 1 can be performed by ac-
tivating the switching valve 77 so that the refrigerant flow-
ing through the heat exchange path supply tube 71 is
sent to any one of the heat exchange path branching
tubes 72a to 72c, as shown in FIG. 12.
[0073] In the configuration of the present modification,
the number of components constituting the defrosting
flow channel mechanism 26 can be reduced in compar-
ison to the configuration of the above embodiment and
Modification 1.

25 26 



EP 2 741 021 A1

15

5

10

15

20

25

30

35

40

45

50

55

(Modification 3)

[0074] In the air conditioning apparatus 1 according to
the above embodiment and Modification 1, the defrosting
flow channel mechanism 26 is configured from a heat
exchange path supply tube 71, heat exchange path
branching tubes 72a to 72c, branching-tube-side heat
exchange path selection valves 73a to 73c, header-side
heat exchange path selection valves 74a to 74c, and a
diverter-tube-side selection valve 75, but such a config-
uration is not provided by way of limitation to the air con-
ditioning apparatus.
[0075] For example, a switching valve 78 may be used
in which the heat exchange path supply tube 71, the
branching-tube-side heat exchange path selection
valves 73a to 73c, and the diverter-tube-side selection
valve 75 are integrated, as shown in FIGS. 13 and 14.
The switching valve 78 herein is a switching valve that
has a function for selecting either to channel the refrig-
erant flowing through the liquid refrigerant tube 27 to the
refrigerant flow diverter 64 or to send the refrigerant to
any one of the heat exchange path branching tubes 72a
to 72c, and for selecting which of the heat exchange path
branching tubes 72a to 72c to send the refrigerant when
sending the refrigerant to any one of the heat exchange
path branching tubes 72a to 72c. A rotary switching valve
is used herein as the switching valve 78. This switching
valve 78 is connected to the liquid refrigerant tube 27,
the refrigerant flow diverter 64, and the heat exchange
path branching tubes 72a to 72c. In the configuration of
the present modification, the switching valve 78 is con-
nected to the controller 8 instead of the branching-tube-
side heat exchange path selection valves 73a to 73c and
the diverter-tube-side selection valve 75 in the control
block diagram of FIG. 2. FIG. 13 is a schematic config-
uration diagram of the air conditioning apparatus 1 ac-
cording to the present modification, showing the flow of
refrigerant in the air conditioning apparatus 1 during the
air-warming operation. FIG. 14 is a diagram showing the
flow of refrigerant (when the first heat exchange path 31
is being defrosted) in the air conditioning apparatus 1
during the air-warming defrost operation in the present
modification.
[0076] Even with such a configuration, the same air-
warming operation as the above embodiment can be per-
formed by activating the switching valve 78 so that the
refrigerant flowing through the liquid refrigerant tube 27
is channeled to the refrigerant flow diverter 64, as shown
in FIG. 13. The same air-cooling operation as the above
embodiment can also be performed in the same actuated
state of the switching valve 78 as during the air-warming
operation. The same air-warming defrost operation as in
the above embodiment or Modification 1 can be per-
formed by activating the switching valve 78 so that the
refrigerant flowing through the liquid refrigerant tube 27
is sent to any one of the heat exchange path branching
tubes 72a to 72c without flowing to the refrigerant flow
diverter 64, as shown in FIG. 14.

[0077] In the configuration of the present modification,
the number of components constituting the defrosting
flow channel mechanism 26 can be reduced in compar-
ison to the configurations of the above embodiment and
Modification 1, as well as the configuration of Modification
2.

(Modification 4)

[0078] In the air conditioning apparatus 1 according to
the above embodiment and Modification 1, the defrosting
flow channel mechanism 26 is configured from a heat
exchange path supply tube 71, heat exchange path
branching tubes 72a to 72c, branching-tube-side heat
exchange path selection valves 73a to 73c, header-side
heat exchange path selection valves 74a to 74c, and a
diverter-tube-side selection valve 75, but such a config-
uration is not provided by way of limitation to the air con-
ditioning apparatus.
[0079] For example, a switching valve 79 may be used
in which the heat exchange path branching tubes 72a to
72c, the branching-tube-side heat exchange path selec-
tion valves 73a to 73c, the header-side heat exchange
path selection valves 74a to 74c, and the header 66 are
integrated as shown in FIGS. 15 and 16. The switching
valve 79 herein is a switching valve that has a function
for either selecting to send the refrigerant flowing through
the heat exchange path supply tube 71 to any one of the
header communication tubes 65a to 65c, and connecting
the gas refrigerant tube 28 with the header communica-
tion tubes other than the header communication tube to
which the refrigerant flowing through the heat exchange
path supply tube 71 is sent; or selecting to not send the
refrigerant to any of the header communication tubes 65a
to 65c. A rotary switching valve is used herein as the
switching valve 79. This switching valve 79 is connected
to the heat exchange path supply tube 71, the header
communication tubes 65a to 65c, and the gas refrigerant
tube 28. In the configuration of the present modification,
the switching valve 79 is connected to the controller 8
instead of the branching-tube-side heat exchange path
selection valves 73a to 73c and the header-side heat
exchange path selection valves 74a to 74c in the control
block diagram of FIG. 2. FIG. 15 is a schematic config-
uration diagram of the air conditioning apparatus 1 ac-
cording to the present modification, showing the flow of
refrigerant in the air conditioning apparatus 1 during the
air-warming operation. FIG. 16 is a diagram showing the
flow of refrigerant (when the first heat exchange path 31
is being defrosted) in the air conditioning apparatus 1
during the air-warming defrost operation in the present
modification.
[0080] Even with such a configuration, the same air-
warming operation as the above embodiment can be per-
formed by activating the switching valve 79 so that the
refrigerant is not sent to any of the header communication
tubes 65a to 65c, as shown in FIG. 15. The same air-
cooling operation as the above embodiment can also be
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performed in the same actuated state of the switching
valve 79 as during the air-warming operation. The same
air-warming defrost operation as in the above embodi-
ment or Modification 1 can be performed by activating
the switching valve 79 so as to select to send the refrig-
erant flowing through the heat exchange path supply tube
71 to any one of the header communication tubes 65a
to 65c, and to connect the gas refrigerant tube 28 with
the header communication tubes other than the header
communication tube to which the refrigerant flowing
through the heat exchange path supply tube 71 is sent,
as shown in FIG. 16.
[0081] In the configuration of the present modification,
the number of components constituting the defrosting
flow channel mechanism 26 can be reduced in compar-
ison to the configurations of the above embodiment and
Modification 1, as well as the configurations of Modifica-
tions 2 and 3.

(Modification 5)

[0082] In the air conditioning apparatus 1 according to
the above embodiment and Modification 1, the defrosting
flow channel mechanism 26 is configured from a heat
exchange path supply tube 71, heat exchange path
branching tubes 72a to 72c, branching-tube-side heat
exchange path selection valves 73a to 73c, header-side
heat exchange path selection valves 74a to 74c, and a
diverter-tube-side selection valve 75, but such a config-
uration is not provided by way of limitation to the air con-
ditioning apparatus.
[0083] For example, a switching valve 80 may be used
in which the heat exchange path supply tube 71, the heat
exchange path branching tubes 72a to 72c, the branch-
ing-tube-side heat exchange path selection valves 73a
to 73c, the header-side heat exchange path selection
valves 74a to 74c, the diverter-tube-side selection valve
75, and the header 66 are integrated as shown in FIGS.
17 and 18. The switching valve 80 herein is a switching
valve that has a function for selecting either to channel
the refrigerant flowing through the liquid refrigerant tube
27 to the refrigerant flow diverter 64 or to send the refrig-
erant to any one of the header communication tubes 65a
to 65c, and connecting the gas refrigerant tube 28 with
the header communication tubes other than the header
communication tube to which the refrigerant flowing
through the liquid refrigerant tube 27 is sent. A rotary
switching valve is used herein as the switching valve 80.
This switching valve 80 is connected to the liquid refrig-
erant tube 27, the refrigerant flow diverter 64, the header
communication tubes 65a to 65c, and the gas refrigerant
tube 28. In the configuration of the present modification,
the switching valve 80 is connected to the controller 8
instead of the branching-tube-side heat exchange path
selection valves 73a to 73c, the header-side heat ex-
change path selection valves 74a to 74c, and the diverter-
tube-side selection valve 75 in the control block diagram
of FIG. 2. FIG. 17 is a schematic configuration diagram

of the air conditioning apparatus 1 according to the
present modification, showing the flow of refrigerant in
the air conditioning apparatus 1 during the air-warming
operation. FIG. 18 is a diagram showing the flow of re-
frigerant (when the first heat exchange path 31 is being
defrosted) in the air conditioning apparatus 1 during the
air-warming defrost operation in the present modification.
[0084] Even with such a configuration, the same air-
warming operation as the above embodiment can be per-
formed by activating the switching valve 80 so that the
refrigerant flowing through the liquid refrigerant tube 27
flows to the refrigerant flow diverter 64, as shown in FIG.
17. The same air-cooling operation as the above embod-
iment can also be performed in the same actuated state
of the switching valve 80 as during the air-warming op-
eration. The same air-warming defrost operation as in
the above embodiment or Modification 1 can be per-
formed by activating the switching valve 80 so as to select
to send the refrigerant flowing through the liquid refrig-
erant tube 27 to any one of the header communication
tubes 65a to 65c, and to connect the gas refrigerant tube
28 with the header communication tubes other than the
header communication tube to which the refrigerant flow-
ing through the liquid refrigerant tube 27 is sent, as shown
in FIG. 18.
[0085] In the configuration of the present modification,
the number of components constituting the defrosting
flow channel mechanism 26 can be reduced in compar-
ison to the configurations of the above embodiment and
Modification 1, as well as the configurations of Modifica-
tions 2 through 4.

(Modification 6)

[0086] In the air conditioning apparatus 1 according to
the above embodiment and Modification 1, the defrosting
flow channel mechanism 26 is configured from a heat
exchange path supply tube 71, heat exchange path
branching tubes 72a to 72c, branching-tube-side heat
exchange path selection valves 73a to 73c, header-side
heat exchange path selection valves 74a to 74c, and a
diverter-tube-side selection valve 75, but such a config-
uration is not provided by way of limitation to the air con-
ditioning apparatus.
[0087] For example, switching valves 81a to 81c may
be used in which the branching-tube-side heat exchange
path selection valves 73a to 73c and the header-side
heat exchange path selection valves 74a to 74c are in-
tegrated as shown in FIGS. 19 and 20. The switching
valves 81a to 81c herein are switching valves that have
a function for selecting either to send the refrigerant flow-
ing through the heat exchange path supply tube 71 from
the gas-side ends of the heat exchange paths 31 to 33
toward the liquid-side ends, or to send the refrigerant
passing through the refrigerant flow diverter 64 from the
liquid-side ends of the heat exchange paths 31 to 33 to-
ward the gas-side ends to the header 66. Three-way
valves are used herein as the switching valves 81a to
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81c. These switching valves 81a to 81c are connected
to the heat exchange path branching tubes 72a to 72c
and the header communication tubes 65a to 65c. In the
configuration of the present modification, the switching
valves 81a to 81c are connected to the controller 8 in-
stead of the branching-tube-side heat exchange path se-
lection valves 73a to 73c and the header-side heat ex-
change path selection valves 74a to 74c in the control
block diagram of FIG. 2. FIG. 19 is a schematic config-
uration diagram of the air conditioning apparatus 1 ac-
cording to the present modification, showing the flow of
refrigerant in the air conditioning apparatus 1 during the
air-warming operation. FIG. 20 is a diagram showing the
flow of refrigerant (when the first heat exchange path 31
is being defrosted) in the air conditioning apparatus 1
during the air-warming defrost operation in the present
modification.
[0088] Even with such a configuration, the same air-
warming operation as the above embodiment can be per-
formed by activating the switching valves 81a to 81c so
that the refrigerant passing through the refrigerant flow
diverter 64 from the liquid-side ends of the heat exchange
paths 31 to 33 toward the gas-side ends is sent to the
header 66, as shown in FIG. 19. The same air-cooling
operation as the above embodiment can also be per-
formed in the same actuated state of the switching valves
81a to 81c as during the air-warming operation. The same
air-warming defrost operation as in the above embodi-
ment or Modification 1 can be performed by activating
any one of the switching valves 81a to 81c so as to send
the refrigerant flowing through the heat exchange path
supply tube 71 from the gas-side ends of the heat ex-
change paths 31 to 33 toward the liquid-side ends, and
activating the other switching valves so as to send the
refrigerant passing through the refrigerant flow diverter
64 from the liquid-side ends of the heat exchange paths
31 to 33 toward the gas-side ends to the header 66, as
shown in FIG. 20.
[0089] In the configuration of the present modification,
the number of components constituting the defrosting
flow channel mechanism 26 can be reduced in compar-
ison to the configurations of the above embodiment and
Modification 1.

<Second Embodiment>

[0090] In the above embodiment and the modifications
thereof, the configuration of the air-warming defrost op-
eration according to the present invention was applied
to an outdoor heat exchanger 23 having a plurality of
heat exchange paths 31 to 33 connected to each other
in parallel, but such a configuration is not provided by
way of limitation to the present invention. The configura-
tion of the air-warming defrost operation according to the
present invention may be applied herein to an outdoor
heat exchanger 123 having not only the plurality of heat
exchange paths 31 to 33, but also a subcooling path 34
through which refrigerant passes before flowing into the

refrigerant flow diverter 64.
[0091] FIG. 21 is a schematic configuration diagram of
the air conditioning apparatus 101 according to the sec-
ond embodiment of the present invention. The air condi-
tioning apparatus 101 has primarily an outdoor unit 102,
an indoor unit 4, and a liquid refrigerant communication
tube 5 and a gas refrigerant communication tube 6 con-
necting the outdoor unit 102 and the indoor unit 4. By
being connected via the liquid refrigerant communication
tube 5 and the gas refrigerant communication tube 6, the
outdoor unit 102 and the indoor unit 4 constitute a refrig-
erant circuit 110 for performing a vapor compression type
refrigeration cycle.

(Indoor unit)

[0092] The indoor unit 4, which is installed indoors,
constitutes part of the refrigerant circuit 110. The indoor
unit 4 has primarily an indoor heat exchanger 41. The
configuration of the indoor unit 4 is identical to the con-
figuration of the indoor unit 4 of the first embodiment and
is therefore not described herein.

(Outdoor unit)

[0093] The outdoor unit 102, which is installed out-
doors, constitutes part of the refrigerant circuit 110. The
outdoor unit 102 has primarily a compressor 21, a four-
way switching valve 22, an outdoor heat exchanger 123,
an expansion valve 24, an outdoor fan 25, and a defrost-
ing flow channel mechanism 126. The configuration of
the outdoor unit 102 is identical to the configuration of
the outdoor unit 2 of the first embodiment except for the
configurations of the outdoor heat exchanger 123 and
the defrosting flow channel mechanism 126, and the con-
figurations of the outdoor heat exchanger 123 and the
defrosting flow channel mechanism 126 are therefore de-
scribed in detail herein.
[0094] The outdoor heat exchanger 123 is a heat ex-
changer which functions as a heat radiator of refrigerant
during the air-cooling operation and functions as an evap-
orator of refrigerant during the air-warming operation.
The outdoor heat exchanger 123 herein is a cross fin
type fin-and-tube heat exchanger configured from a heat
transfer tube and numerous fins. The liquid side of the
outdoor heat exchanger 123 is connected to the expan-
sion valve 24 via a liquid refrigerant tube 27, and the gas
side is connected to the four-way switching valve 22 via
a gas refrigerant tube 28.
[0095] More specifically, the outdoor heat exchanger
123 has numerous fins 61, and numerous heat transfer
tubes 62 attached in a state of passing through the fins
61 in the plate thickness direction (see FIG. 2), similar to
the outdoor heat exchanger 23 of the first embodiment.
In this outdoor heat exchanger 123, the heat transfer
tubes 62 are assorted in a plural system (four in this case)
in the up-down direction, forming a first heat exchange
path 31, a second heat exchange path 32, and a third
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heat exchange path 33 which are independent of each
other, as well as the subcooling path 34 shared by the
first through third heat exchange paths 31 to 33, as shown
in FIG. 22. FIG. 22 is a diagram schematically depicting
the outdoor heat exchanger 123 and the surrounding
structure. The liquid-side ends of the first through third
heat exchange paths 31 to 33 are connected to a refrig-
erant flow diverter 64 via first through third capillary tubes
63a to 63c, respectively. The refrigerant flow diverter 64
is a tube member for converging the first through third
capillary tubes 63a to 63c connected to the liquid-side
ends of the first through third heat exchange paths 31 to
33, and the refrigerant flow diverter 64 is connected to a
subcooling path-heat exchange path communication
tube 35. The gas-side ends of the first through third heat
exchange paths 31 to 33 are connected to a header 66
via first through third header communication tubes 65a
to 65c, respectively. The header 66 is a tube member for
converging the first through third header communication
tubes 65a to 65c connected to the gas-side ends of the
first through third heat exchange paths 31 to 33, and the
header 66 is connected to the gas refrigerant tube 28.
The subcooling path 34 is connected to all of the liquid-
side ends of the first through third heat exchange paths
31 to 33. The liquid-side end of the subcooling path 34
is connected to the liquid refrigerant tube 27. The gas-
side end of the subcooling path 34 is connected to the
subcooling path-heat exchange path communication
tube 35. Thus, the plurality (three in this case) of heat
exchange paths 31 to 33 constituting the outdoor heat
exchanger 123 are connected in parallel to each other
via the refrigerant flow diverter 64 and the header 66.
The subcooling path 34 constituting the outdoor heat ex-
changer 123 is connected to the liquid-side ends of the
heat exchange paths 31 to 33 via the refrigerant flow
diverter 64 and the subcooling path-heat exchange path
communication tube 35. During the air-cooling operation,
all of the heat exchange paths 31 to 33 function as heat
radiators of refrigerant and the subcooling path 34 func-
tions as a subcooler of refrigerant heat-radiated in the
heat exchange paths 31 to 33. During the air-warming
operation, the subcooling path 34 functions as a heat
radiator of intermediate pressure refrigerant that has
passed through the expansion valve 24, preventing frost
from forming in the lowest part of the outdoor heat ex-
changer 123, and all of the heat exchange paths 31 to
33 function as evaporators of refrigerant.
[0096] The defrosting flow channel mechanism 126 is
a mechanism for sending the refrigerant sent to the out-
door heat exchanger 123 from the indoor heat exchanger
41 to the gas-side end of an arbitrarily selected heat ex-
change path of the plurality of heat exchange paths 31
to 33, without channeling the refrigerant to the refrigerant
flow diverter 64, after the refrigerant has been passed
through the subcooling path 34. The defrosting flow chan-
nel mechanism 126 is provided in order to perform an
air-warming defrost operation, described hereinafter.
The air-warming defrost operation is an operation for

evaporating the refrigerant sent to the outdoor heat ex-
changer 123 from the indoor heat exchanger 41 while
defrosting the arbitrarily selected heat exchange path of
the heat exchange paths 31 to 33 constituting the outdoor
heat exchanger 123. The defrosting flow channel mech-
anism 126 has primarily a heat exchange path supply
tube 71, a plurality (three in this case) of heat exchange
path branching tubes 72a to 72c, a plurality (three in this
case) of branching-tube-side heat exchange path selec-
tion valves 73a to 73c, a plurality (three in this case) of
header-side heat exchange path selection valves 74a to
74c, and a diverter-tube-side selection valve 75.
[0097] The heat exchange path supply tube 71 is a
refrigerant tube for causing the refrigerant sent to the
outdoor heat exchanger 123 from the indoor heat ex-
changer 41 to branch from the subcooling path-heat ex-
change path communication tube 35, after the refrigerant
has passed through the subcooling path 34 and before
the refrigerant flows into the refrigerant flow diverter 64.
One end of the heat exchange path supply tube 71 is
connected to the portion of the subcooling path-heat ex-
change path communication tube 35 that is between the
gas-side end of the subcooling path 34 and the refrigerant
flow diverter 64, and the other end is connected to the
heat exchange path branching tubes 72a to 72c.
[0098] The first through third heat exchange path
branching tubes 72a to 72c are refrigerant tubes for sup-
plying the refrigerant flowing through the heat exchange
path supply tube 71 to the gas-side ends of the first
through third heat exchange paths 31 to 33. The first
through third heat exchange path branching tubes 72a
to 72c are connected at one end to the heat exchange
path supply tube 71, and connected at the other end to
the first through third header communication tubes 65a
to 65c, respectively.
[0099] The first through third branching-tube-side heat
exchange path selection valves 73a to 73c, together with
the first through third header-side heat exchange path
selection valves 74a to 74c, are electromagnetic valves
for selecting which heat exchange path gas-side end of
the heat exchange paths 31 to 33 the refrigerant flowing
through the heat exchange path supply tube 71 will be
sent to. The first through third branching-tube-side heat
exchange path selection valves 73a to 73c are provided
to the first through third heat exchange path branching
tubes 72a to 72c, respectively. The first through third
branching-tube-side heat exchange path selection
valves 73a to 73c are all designed to be closed during
both the air-cooling operation and the air-warming oper-
ation. During the air-warming defrost operation, of the
first through third branching-tube-side heat exchange
path selection valves 73a to 73c, the branching-tube-side
heat exchange path selection valve corresponding to the
heat exchange path being defrosted is opened, while the
branching-tube-side heat exchange path selection
valves corresponding to the other heat exchange paths
are closed.
[0100] The first through third header-side heat ex-
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change path selection valves 74a to 74c, together with
the first through third branching-tube-side heat exchange
path selection valves 73a to 73c, are electromagnetic
valves for selecting which heat exchange path gas-side
end of the heat exchange paths 31 to 33 the refrigerant
flowing through the heat exchange path supply tube 71
will be sent to. The first through third header-side heat
exchange path selection valves 74a to 74c are provided
to respective portions of the first through third header
communication tubes 65a to 65c that are between the
header 66 and the positions where the other ends of the
first through third heat exchange path branching tubes
72a to 72c are connected. The first through third header-
side heat exchange path selection valves 74a to 74c are
all designed to be open during both the air-cooling oper-
ation and the air-warming operation. During the air-warm-
ing defrost operation, of the first through third header-
side heat exchange path selection valves 74a to 74c, the
header-side heat exchange path selection valve corre-
sponding to the heat exchange path being defrosted is
closed, while the header-side heat exchange path selec-
tion valves corresponding to the other heat exchange
paths are open.
[0101] The diverter-tube-side selection valve 75 is an
electromagnetic valve for selecting whether or not the
refrigerant sent to the outdoor heat exchanger 123 from
the indoor heat exchanger 41 will be made to branch from
the subcooling path-heat exchange path communication
tube 35 after passing through the subcooling path 34 and
before flowing into the refrigerant flow diverter 64. The
diverter-tube-side selection valve 75 is provided to a por-
tion in the subcooling path-heat exchange path commu-
nication tube 35 that is between the refrigerant flow di-
verter 64 and the position where the heat exchange path
supply tube 71 branches. The diverter-tube-side selec-
tion valve 75 is designed so as to be open during both
the air-cooling operation and the air-warming operation.
The diverter-tube-side selection valve 75 is also de-
signed so as to be closed during the air-warming defrost
operation.

(Action)

[0102] Next is a description of the action of the air con-
ditioning apparatus 101 having the configuration de-
scribed above. The controls of the various instruments,
the various processes, and the like needed to perform
the following action are performed by the controller 8,
similar to the air conditioning apparatus 1 of the first em-
bodiment.
[0103] The operations of the air conditioning apparatus
101 include the air-cooling operation for cooling the air
in the room, the air-warming operation for only warming
the air in the room, and the air-warming defrost operation
for both defrosting the outdoor heat exchanger 123 and
warming the air in the room. The actions during these
operations are described below using FIGS. 23, 6, 24,
and 25. FIG. 23 is a diagram showing the flow of refrig-

erant in the air conditioning apparatus 101 during the air-
warming operation. FIG. 24 is a diagram showing the
flow of refrigerant in the air conditioning apparatus 101
during the air-warming operation. FIG. 24 is a diagram
showing the flow of refrigerant in the air conditioning ap-
paratus 101 during the air-warming defrost operation
(when the first heat exchange path 31 is being defrosted).
FIG. 25 is pressure-enthalpy graph depicting the refrig-
eration cycle during the air-warming defrost operation.

-Air-cooling operation-

[0104] The air-cooling operation is an operation for cir-
culating refrigerant in order through the compressor 21,
the outdoor heat exchanger 123, the indoor heat ex-
changer 41, and the compressor 21. In the air-cooling
operation, the outdoor heat exchanger 123 functions as
a heat radiator of refrigerant and the indoor heat exchang-
er 41 functions as an evaporator of refrigerant, thereby
cooling the indoor air.
[0105] In the air-cooling operation, the four-way
switching valve 22 is switched so as to create a state in
which the outdoor heat exchanger 123 functions as a
heat radiator of refrigerant and the indoor heat exchanger
41 functions as an evaporator of refrigerant (i.e. the state
shown by the solid lines of the four-way switching valve
22 in FIG. 21). This is also a state in which the first through
third branching-tube-side heat exchange path selection
valves 73a to 73c are all closed, the first through third
header-side heat exchange path selection valves 74a to
74c are all open, and the diverter-tube-side selection
valve 75 is open. Specifically, this is a state in which
refrigerant does not flow to the heat exchange path sup-
ply tube 71 and the first through third heat exchange path
branching tubes 72a to 72c of the defrosting flow channel
mechanism 126.
[0106] In the refrigerant circuit 110 in this state, low-
pressure refrigerant in the refrigeration cycle is drawn
into the compressor 21, compressed to a high pressure
in the refrigeration cycle, and then discharged. The high-
pressure refrigerant discharged from the compressor 21
is sent through the four-way switching valve 22 to the
outdoor heat exchanger 123. The high-pressure refrig-
erant discharged from the compressor 21 is sent through
the four-way switching valve 22, the gas refrigerant tube
28, the header 66, the header communication tubes 65a
to 65c, and the header-side heat exchange path selection
valves 74a to 74c to the gas-side ends of the heat ex-
change paths 31 to 33 of the outdoor heat exchanger
123. The high-pressure refrigerant sent to the gas-side
ends of the heat exchange paths 31 to 33 undergoes
heat exchange in the heat exchange paths 31 to 33 with
the outdoor air supplied by the outdoor fan 25, and the
refrigerant radiates heat. The high-pressure refrigerant
that has radiated heat in the heat exchange paths 31 to
33 is sent from the liquid-side ends of the heat exchange
paths 31 to 33 through the capillary tubes 63a to 63c, the
refrigerant flow diverter 64, the subcooling path-heat ex-
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change path communication tube 35, and the diverter-
tube-side selection valve 75 to the gas-side end of the
subcooling path 34 of the outdoor heat exchanger 123.
The high-pressure refrigerant sent to the gas-side end
of the subcooling path 34 undergoes heat exchange in
the subcooling path 34 with the outdoor air supplied by
the outdoor fan 25, and the refrigerant radiates more
heat. The high-pressure refrigerant subcooled in the sub-
cooling path 34 is sent through the liquid refrigerant tube
27 to the expansion valve 24. The refrigerant sent to the
expansion valve 24 is depressurized to a low pressure
in the refrigeration cycle. The low-pressure refrigerant
depressurized in the expansion valve 24 is sent through
the liquid refrigerant communication tube 5 to the indoor
heat exchanger 41. The low-pressure refrigerant sent to
the indoor heat exchanger 41 undergoes heat exchange
with the indoor air in the indoor heat exchanger 41, and
the refrigerant evaporates. The low-pressure refrigerant
evaporated in the indoor heat exchanger 41 is drawn
through the gas refrigerant communication tube 6 and
the four-way switching valve 22 back into the compressor
21.

-Air-warming operation-

[0107] The air-warming operation is an operation for
circulating refrigerant in order through the compressor
21, the indoor heat exchanger 41, the outdoor heat ex-
changer 123, and the compressor 21. In the air-warming
operation, the indoor heat exchanger 41 functions as a
heat radiator of refrigerant and the outdoor heat exchang-
er 123 functions as an evaporator of refrigerant, thereby
heating the indoor air.
[0108] In the air-warming operation, the four-way
switching valve 22 is switched so as to create a state in
which the indoor heat exchanger 41 functions as a heat
radiator of refrigerant and the outdoor heat exchanger
123 functions as an evaporator of refrigerant (i.e. the
state shown by the dashed lines of the four-way switching
valve 22 in FIGS. 21 and 23). This is also a state in which
the first through third branching-tube-side heat exchange
path selection valves 73a to 73c are all closed, the first
through third header-side heat exchange path selection
valves 74a to 74c are all open, and the diverter-tube-side
selection valve 75 is open. Specifically, this is a state in
which refrigerant does not flow to the heat exchange path
supply tube 71 and the first through third heat exchange
path branching tubes 72a to 72c of the defrosting flow
channel mechanism 126.
[0109] In the refrigerant circuit 110 in this state, low-
pressure refrigerant in the refrigeration cycle is drawn
into the compressor 21, compressed to a high pressure
in the refrigeration cycle, and then discharged. The high-
pressure refrigerant discharged from the compressor 21
is sent through the four-way switching valve 22 and
through the gas refrigerant communication tube 6 to the
indoor heat exchanger 41. The high-pressure refrigerant
sent to the indoor heat exchanger 41 undergoes heat

exchange with the indoor air in the indoor heat exchanger
41, and the refrigerant radiates heat. The high-pressure
refrigerant that has radiated heat in the indoor heat ex-
changer 41 is sent through the liquid refrigerant commu-
nication tube 5 to the expansion valve 24 and depressu-
rized to an intermediate pressure in the refrigeration cy-
cle. The intermediate pressure refrigerant depressurized
in the expansion valve 24 is sent to the outdoor heat
exchanger 123. The intermediate pressure refrigerant
depressurized in the expansion valve 24 is sent through
the liquid refrigerant tube 27 to the liquid-side end of the
subcooling path 34 of the outdoor heat exchanger 123.
The intermediate pressure refrigerant sent to the liquid-
side end of the subcooling path 34 undergoes heat ex-
change in the subcooling path 34 with outdoor air sup-
plied by the outdoor fan 25 and radiates heat, thereby
preventing frost from forming in the lowest part of the
outdoor heat exchanger 123. The low-pressure refriger-
ant heat-radiated in the subcooling path 34 is sent from
the gas-side end of the subcooling path 34, through the
subcooling path-heat exchange path communication
tube 35, the diverter-tube-side selection valve 75, the
refrigerant flow diverter 64, and the capillary tubes 63a
to 63c, to the liquid-side ends of the heat exchange paths
31 to 33 of the outdoor heat exchanger 123. The low-
pressure refrigerant sent to the liquid-side ends of the
heat exchange paths 31 to 33 undergoes heat exchange
with the outdoor air supplied by the outdoor fan 25 in the
heat exchange paths 31 to 33, and the refrigerant evap-
orates. The low-pressure refrigerant evaporated in the
heat exchange paths 31 to 33 is drawn from the gas-side
ends of the heat exchange paths 31 to 33, through the
header communication tubes 65a to 65c, the header-side
heat exchange path selection valves 74a to 74c, the
header 66, the gas refrigerant tube 28, and the four-way
switching valve 22, back into the compressor 21.

-Air-warming defrost operation-

[0110] The air-warming defrost operation is an opera-
tion in which the outdoor heat exchanger 123 is defrosted
by the defrosting flow channel mechanism 126 while an
operation is performed for circulating refrigerant in order
through the compressor 21, the indoor heat exchanger
41, the outdoor heat exchanger 123, and the compressor
21, similar to the air-warming operation. In the air-warm-
ing defrost operation, the indoor heat exchanger 41 func-
tions as a heat radiator of refrigerant, any one of the first
through third heat exchange paths 31 to 33 of the outdoor
heat exchanger 123 functions as a heat radiator of re-
frigerant, and the remaining heat exchange paths 31 to
33 function as evaporators of refrigerant. The indoor air
is thereby heated while the first through third heat ex-
change paths 31 to 33 of the outdoor heat exchanger
123 are sequentially defrosted.
[0111] The switched state of the four-way switching
valve 22 in the air-warming defrost operation is the same
as during the air-warming operation. Specifically, the
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four-way switching valve 22 goes into a state in which
the indoor heat exchanger 41 functions as a heat radiator
of refrigerant and the outdoor heat exchanger 123 func-
tions as an evaporator of refrigerant (i.e. the state shown
by the dashed lines of the four-way switching valve 22 in
FIGS. 21 and 24). To sequentially defrost the first through
third heat exchange paths 31 to 33 of the outdoor heat
exchanger 123, the selection valves 73a to 73c, 74a to
74c, and 75 are switched to different opened and closed
states from the states during the air-cooling operation
and during the air-warming operation. Specifically, the
state in the air-warming defrost operation is such that
refrigerant flows to the heat exchange path supply tube
71 and the first through third heat exchange path branch-
ing tubes 72a to 72c of the defrosting flow channel mech-
anism 126. The action during the air-warming defrost op-
eration is described below in detail, including the proce-
dure from the start to the end of the air-warming defrost
operation. First, in step S1, a determination is made as
to whether or not the amount of frost formed in the outdoor
heat exchanger 123 has been increased by the air-warm-
ing operation and defrosting is required. This determina-
tion of whether or not defrosting is required is identical
to step S1 of the air-warming defrost operation of the first
embodiment, and is therefore not described herein.
[0112] Next, in steps S2 to S7, the first through third
heat exchange paths 31 to 33 of the outdoor heat ex-
changer 123 are sequentially defrosted. Defrosting of the
first through third heat exchange paths 31 to 33 may es-
sentially be arbitrarily selected, but taking into account
the flow of drain water produced by defrosting and ex-
pelled to the bottom plate 52 of the unit casing 51, de-
frosting is preferably performed from the top of the out-
door heat exchanger 123 toward the bottom. Therefore,
defrosting herein is performed in order of the first heat
exchange path 31, the second heat exchange path 32,
and the third heat exchange path 33.
[0113] Defrosting of the first heat exchange path 31
(step S2) is performed by switching the opened and
closed states of the selection valves 73a to 73c, 74a to
74c, and 75 of the defrosting flow channel mechanism
126. Specifically, the valves are switched to a state in
which the first branching-tube-side heat exchange path
selection valve 73a is opened, the second and third
branching-tube-side heat exchange path selection
valves 73b, 73c are closed, the first header-side heat
exchange path selection valve 74a is closed, the second
and third header-side heat exchange path selection
valves 74b, 74c are opened, and the diverter-tube-side
selection valve 75 is closed. Because the air-warming
operation is performed until prior to the start of the de-
frosting of the first heat exchange path 31, a switching
action is performed for opening the first branching-tube-
side heat exchange path selection valve 73a, closing the
first header-side heat exchange path selection valve 74a,
and closing the diverter-tube-side selection valve 75. Re-
frigerant thereby flows to the heat exchange path supply
tube 71 and the first heat exchange path branching tube

72a of the defrosting flow channel mechanism 126.
[0114] In the refrigerant circuit 110 in this state, low-
pressure refrigerant in the refrigeration cycle (see point
A in FIGS. 24 and 25) is drawn into the compressor 21,
compressed to a high pressure in the refrigeration cycle,
and then discharged (see point B in FIGS. 24 and 25).
The high-pressure refrigerant discharged from the com-
pressor 21 is sent through the four-way switching valve
22 and through the gas refrigerant communication tube
6 to the indoor heat exchanger 41. The high-pressure
refrigerant sent to the indoor heat exchanger 41 under-
goes heat exchange with indoor air in the indoor heat
exchanger 41, and the refrigerant radiates heat (see point
C in FIGS. 24 and 25). So far the process has been iden-
tical to the air-warming operation. The high-pressure re-
frigerant heat-radiated in the indoor heat exchanger 41
is sent through the liquid refrigerant communication tube
5 to the expansion valve 24, and depressurized to a pres-
sure between the high pressure and low pressure in the
refrigeration cycle (referred to below as the intermediate
pressure) (see point D in FIGS. 24 and 25). The interme-
diate pressure refrigerant depressurized in the expan-
sion valve 24 is sent to the outdoor heat exchanger 123.
The intermediate pressure refrigerant depressurized in
the expansion valve 24 is sent from the liquid refrigerant
tube 27 to the liquid-side end of the subcooling path 34
of the outdoor heat exchanger 123. The intermediate
pressure refrigerant sent to the liquid-side end of the sub-
cooling path 34 heats the drain water that has melted
due to the defrosting of the first heat exchange path 31
and flowed down to the lowest part of the outdoor heat
exchanger 123 in the subcooling path 34, thereby pre-
venting the drain water from refreezing as a result of the
low temperature of the bottom plate 52 functioning as a
drain pan (see point D’ in FIGS. 24 and 25). Drain water
refreezing prevention is thereby performed in the sub-
cooling path 34 of the outdoor heat exchanger 123. The
intermediate pressure refrigerant passed through the
subcooling path 34 is then sent from the gas-side end of
the subcooling path 34, through the subcooling path-heat
exchange path communication tube 35, to the heat ex-
change path supply tube 71. The intermediate pressure
refrigerant sent to the heat exchange path supply tube
71 is sent through the first heat exchange path branching
tube 72a, the first branching-tube-side heat exchange
path selection valve 73a, and the first header communi-
cation tube 65a to the gas-side end of the first heat ex-
change path 31 of the outdoor heat exchanger 123. Thus,
all of the refrigerant sent to the outdoor heat exchanger
123 from the indoor heat exchanger 41 is sent to the gas-
side end of the first heat exchange path 31 without flowing
into the refrigerant flow diverter 64. The intermediate
pressure refrigerant sent to the gas-side end of the first
heat exchange path 31 passes through the first heat ex-
change path 31 from the gas-side end toward the liquid-
side end of the first heat exchange path 31, and melts
the frost adhering to the first heat exchange path 31 of
the outdoor heat exchanger 123 (see point E in FIGS. 24
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and 25). The first heat exchange path 31 of the outdoor
heat exchanger 123 is thereby defrosted. The interme-
diate pressure refrigerant passing through the first heat
exchange path 31 is then sent from the liquid-side end
of the first heat exchange path 31, through the first cap-
illary tube 63a, to the refrigerant flow diverter 64. At this
time, because intermediate pressure refrigerant flows
through the first capillary tube 63a at a greater flow rate
than during the air-cooling operation or the air-warming
operation, pressure loss is greater than that of refrigerant
flow during the air-cooling operation or the air-warming
operation, and the refrigerant is depressurized to a pres-
sure between the intermediate pressure (i.e. the pressure
at point E in FIGS. 24 and 25) and the low pressure in
the refrigeration cycle (see point F in FIGS. 24 and 25).
The low pressure refrigerant sent to the refrigerant flow
diverter 64 is then passed through the refrigerant flow
diverter 64 so as to turn back because the diverter-tube-
side selection valve 75 is closed, and the refrigerant is
branched to the second and third capillary tubes 63b,
63c and sent to the liquid-side ends of the second and
third heat exchange paths 32, 33. At this time, due to
passing through the second and third capillary tubes 63b,
63c, the refrigerant is depressurized to a low pressure in
the refrigeration cycle (see point G in FIGS. 24 and 25).
The low-pressure refrigerant sent to the liquid-side ends
of the second and third heat exchange paths 32, 33 then
passes through the second and third heat exchange
paths 32, 33 from the liquid-side ends toward the gas-
side ends of the second and third heat exchange paths
32, 33, undergoes heat exchange with the outdoor air
supplied by the outdoor fan 25, and evaporates (see point
A in FIGS. 24 and 25). The low-pressure refrigerant evap-
orated in the second and third heat exchange paths 32,
33 then passes from the gas-side ends of the second
and third heat exchange paths 32, 33, through the second
and third header communication tubes 65b, 65c, the sec-
ond and third header-side heat exchange path selection
valves 74b, 74c, the header 66, the gas refrigerant tube
28, and the four-way switching valve 22, to be drawn
back into the compressor 21. Thus, defrosting of the first
heat exchange path 31 is initiated while the air in the
room continues to be warmed. Defrosting of the first heat
exchange path 31 is then performed until defrosting of
the first heat exchange path 31 is complete (step S3).
[0115] The second heat exchange path 32 is defrosted
(step S4) by switching the opened and closed states of
the selection valves 73a to 73c, 74a to 74c, and 75 of
the defrosting flow channel mechanism 126, similar to
the defrosting of the first heat exchange path 31. Specif-
ically, the valves are switched to a state in which the
second branching-tube-side heat exchange path selec-
tion valve 73b is opened, the first and third branching-
tube-side heat exchange path selection valves 73a, 73c
are closed, the second header-side heat exchange path
selection valve 74b is closed, the first and third header-
side heat exchange path selection valves 74a, 74c are
opened, and the diverter-tube-side selection valve 75 is

closed. Because the first heat exchange path 31 is de-
frosted until prior to the start of defrosting of the second
heat exchange path 32, a switching action is performed
for opening the second branching-tube-side heat ex-
change path selection valve 73b, closing the first branch-
ing-tube-side heat exchange path selection valve 73a,
opening the first header-side heat exchange path selec-
tion valve 74a, and closing the second header-side heat
exchange path selection valve 74b. Refrigerant thereby
flows to the heat exchange path supply tube 71 and the
second heat exchange path branching tube 72b of the
defrosting flow channel mechanism 126.
[0116] In the refrigerant circuit 110 in this state, low-
pressure refrigerant in the refrigeration cycle is com-
pressed in the compressor 21 to a high pressure in the
refrigeration cycle, similar to the defrosting of the first
heat exchange path 31; the refrigerant undergoes heat
exchange with indoor air in the indoor heat exchanger
41 and radiates heat, and the refrigerant is depressurized
in the expansion valve 24 to an intermediate pressure in
the refrigeration cycle and sent to the outdoor heat ex-
changer 123. The intermediate pressure refrigerant de-
pressurized in the expansion valve 24 is then sent from
the liquid refrigerant tube 27 to the liquid-side end of the
subcooling path 34 of the outdoor heat exchanger 123.
The intermediate pressure refrigerant sent to the liquid-
side end of the subcooling path 34 heats the drain water
that has melted due to the defrosting of the second heat
exchange path 32 and flowed down to the lowest part of
the outdoor heat exchanger 123 in the subcooling path
34, thereby preventing the drain water from refreezing
as a result of the low temperature of the bottom plate 52
functioning as a drain pan. Drain water refreezing pre-
vention is thereby performed in the subcooling path 34
of the outdoor heat exchanger 123. The intermediate
pressure refrigerant passed through the subcooling path
34 is then sent from the gas-side end of the subcooling
path 34, through the subcooling path-heat exchange path
communication tube 35, to the heat exchange path sup-
ply tube 71. The intermediate pressure refrigerant sent
to the heat exchange path supply tube 71 is sent through
the second heat exchange path branching tube 72b, the
second branching-tube-side heat exchange path selec-
tion valve 73b, and the second header communication
tube 65b to the gas-side end of the second heat exchange
path 32 of the outdoor heat exchanger 123. Thus, all of
the refrigerant sent to the outdoor heat exchanger 123
from the indoor heat exchanger 41 is sent to the gas-side
end of the second heat exchange path 32 without flowing
into the refrigerant flow diverter 64. The intermediate
pressure refrigerant sent to the gas-side end of the sec-
ond heat exchange path 32 passes through the second
heat exchange path 32 from the gas-side end of the sec-
ond heat exchange path 32 toward the liquid-side end,
and melts the frost adhering to the second heat exchange
path 32 of the outdoor heat exchanger 123. The second
heat exchange path 32 of the outdoor heat exchanger
123 is thereby defrosted. The intermediate pressure re-
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frigerant passed through the second heat exchange path
32 is then sent from the liquid-side end of the second
heat exchange path 32, through the second capillary tube
63b, to the refrigerant flow diverter 64. At this time, be-
cause intermediate pressure refrigerant flows through
the second capillary tube 63b at a greater flow rate than
during the air-cooling operation or the air-warming oper-
ation, pressure loss is greater than that of refrigerant flow
during the air-cooling operation or the air-warming oper-
ation, and the refrigerant is depressurized to a pressure
between the intermediate pressure and the low pressure
in the refrigeration cycle. The low-pressure refrigerant
sent to the refrigerant flow diverter 64 is then passed
through the refrigerant flow diverter 64 so as to turn back
because the diverter-tube-side selection valve 75 is
closed, and the refrigerant is branched to the first and
third capillary tubes 63a, 63c and sent to the liquid-side
ends of the heat exchange paths 31, 33. At this time, due
to passing through the first and third capillary tubes 63a,
63c, the refrigerant is depressurized to a low pressure in
the refrigeration cycle. The low-pressure refrigerant sent
to the liquid-side ends of the heat exchange paths 31, 33
then passes through the heat exchange paths 31, 33
from the liquid-side ends of the heat exchange paths 31,
33 toward the gas-side ends, undergoes heat exchange
with the outdoor air supplied by the outdoor fan 25, and
evaporates. The low-pressure refrigerant evaporated in
the heat exchange paths 31, 33 then passes from the
gas-side ends of the heat exchange paths 31, 33, through
the first and third header communication tubes 65a, 65c,
the first and third header-side heat exchange path selec-
tion valves 74a, 74c, the header 66, the gas refrigerant
tube 28, and the four-way switching valve 22, to be drawn
back into the compressor 21. Thus, defrosting of the sec-
ond heat exchange path 32 is initiated while the air in the
room continues to be warmed. Defrosting of the second
heat exchange path 32 is then performed until defrosting
of the second heat exchange path 32 is complete (step
S5).
[0117] The third heat exchange path 33 (step S6) is
defrosted by switching the opened and closed states of
the selection valves 73a to 73c, 74a to 74c, and 75 of
the defrosting flow channel mechanism 126, similar to
the defrosting of the first and second heat exchange
paths 31, 32. Specifically, the valves are switched to a
state in which the third branching-tube-side heat ex-
change path selection valve 73c is opened, the first and
second branching-tube-side heat exchange path selec-
tion valves 73a, 73b are closed, the third header-side
heat exchange path selection valve 74c is closed, the
first and second header-side heat exchange path selec-
tion valves 74a, 74b are opened, and the diverter-tube-
side selection valve 75 is closed. Because the second
heat exchange path 32 is defrosted until prior to the start
of defrosting of the third heat exchange path 33, a switch-
ing action is performed for opening the third branching-
tube-side heat exchange path selection valve 73c, clos-
ing the second branching-tube-side heat exchange path

selection valve 73b, opening the second header-side
heat exchange path selection valve 74b, and closing the
third header-side heat exchange path selection valve
74c. Refrigerant thereby flows to the heat exchange path
supply tube 71 and the third heat exchange path branch-
ing tube 72c of the defrosting flow channel mechanism
126.
[0118] In the refrigerant circuit 110 in this state, low-
pressure refrigerant in the refrigeration cycle is com-
pressed in the compressor 21 to a high pressure in the
refrigeration cycle, similar to the defrosting of the first and
second heat exchange paths 31, 32; the refrigerant un-
dergoes heat exchange with indoor air in the indoor heat
exchanger 41 and radiates heat, and the refrigerant is
depressurized in the expansion valve 24 to an interme-
diate pressure in the refrigeration cycle and sent to the
outdoor heat exchanger 123. The intermediate pressure
refrigerant depressurized in the expansion valve 24 is
then sent from the liquid refrigerant tube 27 to the liquid-
side end of the subcooling path 34 of the outdoor heat
exchanger 123. The intermediate pressure refrigerant
sent to the liquid-side end of the subcooling path 34 heats
the drain water that has melted due to the defrosting of
the third heat exchange path 33 and flowed down to the
lowest part of the outdoor heat exchanger 123 in the sub-
cooling path 34, thereby preventing the drain water from
refreezing as a result of the low temperature of the bottom
plate 52 functioning as a drain pan. Drain water refreezing
prevention is thereby performed in the subcooling path
34 of the outdoor heat exchanger 123. The intermediate
pressure refrigerant passed through the subcooling path
34 is then sent from the gas-side end of the subcooling
path 34, through the subcooling path-heat exchange path
communication tube 35, to the heat exchange path sup-
ply tube 71. The intermediate pressure refrigerant sent
to the heat exchange path supply tube 71 is then sent
through the third heat exchange path branching tube 72c,
the third branching-tube-side heat exchange path selec-
tion valve 73c, and the third header communication tube
65c to the gas-side end of the third heat exchange path
33 of the outdoor heat exchanger 123. Thus, all of the
refrigerant sent to the outdoor heat exchanger 123 from
the indoor heat exchanger 41 is sent to the gas-side end
of the third heat exchange path 33 without flowing into
the refrigerant flow diverter 64. The intermediate pres-
sure refrigerant sent to the gas-side end of the third heat
exchange path 33 passes through the third heat ex-
change path 33 from the gas-side end of the third heat
exchange path 33 toward the liquid-side end, and melts
the frost adhering to the third heat exchange path 33 of
the outdoor heat exchanger 123. The third heat exchange
path 33 of the outdoor heat exchanger 123 is thereby
defrosted. The intermediate pressure refrigerant passed
through the third heat exchange path 33 is then sent from
the liquid-side end of the third heat exchange path 33,
through the third capillary tube 63c, to the refrigerant flow
diverter 64. At this time, because intermediate pressure
refrigerant flows through the third capillary tube 63c at a
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greater flow rate than during the air-cooling operation or
the air-warming operation, pressure loss is greater than
that of refrigerant flow during the air-cooling operation or
the air-warming operation, and the refrigerant is depres-
surized to a pressure between the intermediate pressure
and the low pressure in the refrigeration cycle. The low-
pressure refrigerant sent to the refrigerant flow diverter
64 is then passed through the refrigerant flow diverter 64
so as to turn back because the diverter-tube-side selec-
tion valve 75 is closed, and the refrigerant is branched
to the first and second capillary tubes 63a, 63b and sent
to the liquid-side ends of the first and second heat ex-
change paths 31, 32. At this time, due to passing through
the first and second capillary tubes 63a, 63b, the refrig-
erant is depressurized to a low pressure in the refriger-
ation cycle. The low-pressure refrigerant sent to the liq-
uid-side ends of the first and second heat exchange paths
31, 32 then passes through the first and second heat
exchange paths 31, 32 from the liquid-side ends of the
first and second heat exchange paths 31, 32 toward the
gas-side ends, undergoes heat exchange with the out-
door air supplied by the outdoor fan 25, and evaporates.
The low-pressure refrigerant evaporated in the first and
second heat exchange paths 31, 32 then passes from
the gas-side ends of the first and second heat exchange
paths 31, 32, through the first and second header com-
munication tubes 65a, 65b, the first and second header-
side heat exchange path selection valves 74a, 74b, the
header 66, the gas refrigerant tube 28, and the four-way
switching valve 22, to be drawn back into the compressor
21. Thus, defrosting of the third heat exchange path 33
is initiated while the air in the room continues to be
warmed. Defrosting of the third heat exchange path 33
is then performed until defrosting of the third heat ex-
change path 33 is complete (step S7).
[0119] After defrosting of all of the heat exchange paths
31 to 33 of the outdoor heat exchanger 123 has been
completed by the processes of steps S2 to S7 described
above, the air-warming operation is resumed (step S8).
[0120] As described above, the air-warming defrost
operation for evaporating refrigerant sent from the indoor
heat exchanger 41 to the outdoor heat exchanger 123 is
performed while an arbitrarily selected heat exchange
path of the heat exchange paths 31 to 33 is defrosted by
the defrosting flow channel mechanism 126. The entire
outdoor heat exchanger 123 is defrosted while the air in
the room continues to be warmed, by sequentially per-
forming the air-warming defrost operation on the plurality
of heat exchange paths 31 to 33. Moreover, because
refrigerant can be passed through the subcooling path
34 during the air-warming defrost operation as well, drain
water that has melted due to the defrosting of the heat
exchange paths 31 to 33 and flowed down to the lowest
part of the outdoor heat exchanger 123 is heated, and
the drain water is thereby prevented from refreezing as
a result of the low temperature of the bottom plate 52
functioning as a drain pan.

(Characteristics)

[0121] In the air conditioning apparatus 101 of the
present embodiment, similar to the air conditioning ap-
paratus 1 of the first embodiment, all of the refrigerant
compressed in the compressor 21 is sent to the indoor
heat exchanger 41 and used for air warming (see the
progression from point B to point C in FIGS. 24 and 25),
after which defrosting is performed by the heat of the
refrigerant sent to the outdoor heat exchanger 123 from
the indoor heat exchanger 41 (see the progression from
point D to point E in FIGS. 24 and 25). Therefore, in the
air-warming defrost operation of the air conditioning ap-
paratus 101, the outdoor heat exchanger 123 can be de-
frosted with virtually no reduction of air-warming capa-
bility.
[0122] Moreover, because refrigerant can be passed
through the subcooling path 34 during the air-warming
defrost operation as well in the air conditioning apparatus
101, the drain water produced by defrosting the heat ex-
change paths 31 to 33 can be prevented from refreezing
and can be quickly expelled from the bottom of the out-
door heat exchanger 123.

(Modification 1)

[0123] The same air-warming defrost operation as in
Modification 1 of the first embodiment (see FIG. 10) may
be performed in the air-warming defrost operation of the
above embodiment as well.

(Modification 2)

[0124] In the air conditioning apparatus 101 according
to the above embodiment and Modification 1, the defrost-
ing flow channel mechanism 126 is configured from a
heat exchange path supply tube 71, heat exchange path
branching tubes 72a to 72c, branching-tube-side heat
exchange path selection valves 73a to 73c, header-side
heat exchange path selection valves 74a to 74c, and a
diverter-tube-side selection valve 75, but such a config-
uration is not provided by way of limitation to the air con-
ditioning apparatus.
[0125] For example, a switching valve 82 may be used
in which the heat exchange path branching tubes 72a to
72c, the branching-tube-side heat exchange path selec-
tion valves 73a to 73c, the header-side heat exchange
path selection valves 74a to 74c, and the header 66 are
integrated, as shown in FIGS. 26 and 27. The switching
valve 82 herein is a switching valve that has a function
for selecting either to send the refrigerant flowing through
the heat exchange path supply tube 71 to any one of the
header communication tubes 65a to 65c, and connecting
the gas refrigerant tube 28 with a header communication
tube other than the header communication tube to which
the refrigerant flowing through the heat exchange path
supply tube 71 is sent; or selecting to not send the refrig-
erant to any of the header communication tubes 65a to
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65c. A rotary switching valve is used herein as the switch-
ing valve 82. This switching valve 82 is connected to the
heat exchange path supply tube 71, the header commu-
nication tubes 65a to 65c, and the gas refrigerant tube
28. In the configuration of the present modification, the
switching valve 82 is connected to the controller 8 instead
of the branching-tube-side heat exchange path selection
valves 73a to 73c and the header-side heat exchange
path selection valves 74a to 74c in the control block di-
agram of FIG. 2. FIG. 26 is a schematic configuration
diagram of the air conditioning apparatus 101 according
to the present modification, showing the flow of refriger-
ant in the air conditioning apparatus 101 during the air-
warming operation. FIG. 27 is a diagram showing the
flow of refrigerant (when the first heat exchange path 31
is being defrosted) in the air conditioning apparatus 101
during the air-warming defrost operation in the present
modification.
[0126] Even with such a configuration, the same air-
warming operation as the above embodiment can be per-
formed by activating the switching valve 82 so that the
refrigerant is not sent to any of the header communication
tubes 65a to 65c, as shown in FIG. 26. The same air-
cooling operation as the above embodiment can also be
performed in the same actuated state of the switching
valve 82 as during the air-warming operation. The same
air-warming defrost operation as in the above embodi-
ment or Modification 1 can be performed by activating
the switching valve 82 so as to select to send the refrig-
erant flowing through the heat exchange path supply tube
71 to any one of the header communication tubes 65a
to 65c, and to connect the gas refrigerant tube 28 with
the header communication tubes other than the header
communication tube to which the refrigerant flowing
through the heat exchange path supply tube 71 is sent,
as shown in FIG. 27.
[0127] In the configuration of the present modification,
the number of components constituting the defrosting
flow channel mechanism 126 can be reduced in compar-
ison to the configurations of the above embodiment and
Modification 1.

(Modification 3)

[0128] In the air conditioning apparatus 101 according
to the above embodiment and Modification 1, the defrost-
ing flow channel mechanism 126 is configured from a
heat exchange path supply tube 71, heat exchange path
branching tubes 72a to 72c, branching-tube-side heat
exchange path selection valves 73a to 73c, header-side
heat exchange path selection valves 74a to 74c, and a
diverter-tube-side selection valve 75, but such a config-
uration is not provided by way of limitation to the air con-
ditioning apparatus.
[0129] For example, a switching valve 83 may be used
in which the heat exchange path supply tube 71, the heat
exchange path branching tubes 72a to 72c, the branch-
ing-tube-side heat exchange path selection valves 73a

to 73c, the header-side heat exchange path selection
valves 74a to 74c, the diverter-tube-side selection valve
75, and the header 66 are integrated as shown in FIGS.
28 and 29. The switching valve 83 herein is a switching
valve that has a function for selecting either to channel
the refrigerant flowing through the subcooling path-heat
exchange path communication tube 35 to the refrigerant
flow diverter 64 or to send the refrigerant to any one of
the header communication tubes 65a to 65c, and con-
necting the gas refrigerant tube 28 with the header com-
munication tubes other than the header communication
tube to which the refrigerant flowing through the subcool-
ing path-heat exchange path communication tube 35 is
sent. A rotary switching valve is used herein as the
switching valve 83. This switching valve 83 is connected
to the subcooling path-heat exchange path communica-
tion tube 35, the refrigerant flow diverter 64, the header
communication tubes 65a to 65c, and the gas refrigerant
tube 28. In the configuration of the present modification,
the switching valve 83 is connected to the controller 8
instead of the branching-tube-side heat exchange path
selection valves 73a to 73c, the header-side heat ex-
change path selection valves 74a to 74c, and the diverter-
tube-side selection valve 75 in the control block diagram
of FIG. 2. FIG. 28 is a schematic configuration diagram
of the air conditioning apparatus 101 according to the
present modification, showing the flow of refrigerant in
the air conditioning apparatus 101 during the air-warming
operation. FIG. 29 is a diagram showing the flow of re-
frigerant (when the first heat exchange path 31 is being
defrosted) in the air conditioning apparatus 101 during
the air-warming defrost operation in the present modifi-
cation.
[0130] Even with such a configuration, the same air-
warming operation as the above embodiment can be per-
formed by activating the switching valve 83 so that the
refrigerant flowing through the subcooling path-heat ex-
change path communication tube 35 flows to the refrig-
erant flow diverter 64, as shown in FIG. 28. The same
air-cooling operation as the above embodiment can also
be performed in the same actuated state of the switching
valve 83 as during the air-warming operation. The same
air-warming defrost operation as in the above embodi-
ment or Modification 1 can be performed by activating
the switching valve 83 so as to select to send the refrig-
erant flowing through the subcooling path-heat exchange
path communication tube 35 to any one of the header
communication tubes 65a to 65c, and to connect the gas
refrigerant tube 28 with the header communication tubes
other than the header communication tube to which the
refrigerant flowing through the subcooling path-heat ex-
change path communication tube 35 is sent, as shown
in FIG. 29.
[0131] In the configuration of the present modification,
the number of components constituting the defrosting
flow channel mechanism 126 can be reduced in compar-
ison to the configurations of the above embodiment and
Modification 1, as well as the configuration of Modification
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2.

(Modification 4)

[0132] In the air conditioning apparatus 101 according
to the above embodiment and Modification 1, the defrost-
ing flow channel mechanism 126 is configured so that
refrigerant sent to the outdoor heat exchanger 123 from
the indoor heat exchanger 41 can be sent to the gas-side
end of the arbitrarily selected heat exchange path of the
plurality of heat exchange paths 31 to 33 after passing
through the subcooling path 34, without flowing into the
refrigerant flow diverter 64. However, in the air-warming
defrost operation, when the refrigerant sent to the out-
door heat exchanger 123 from the indoor heat exchanger
41 does not need to pass through the subcooling path
34, the defrosting flow channel mechanism 126 may be
configured so that the same refrigerant flow as the air-
warming defrost operation of the first embodiment can
be achieved.
[0133] For example, in the air conditioning apparatus
101 of the above embodiment, the heat exchange path
supply tube 71 may be provided with an electromagnetic
valve 76 such that the heat exchange path supply tube
71 branches from a position between the expansion valve
24 of the liquid refrigerant tube 27 and the liquid-side end
of the subcooling path 34, as shown in FIGS. 30 and 31.
In the configuration of the present modification, the elec-
tromagnetic valve 76 is connected to the controller 8 to-
gether with the branching-tube-side heat exchange path
selection valves 73a to 73c, the header-side heat ex-
change path selection valves 74a to 74c, and the diverter-
tube-side selection valve 75 in the control block diagram
of FIG. 2. FIG. 30 is a schematic configuration diagram
of the air conditioning apparatus 101 according to the
present modification, showing the flow of refrigerant in
the air conditioning apparatus 101 during the air-warming
operation. FIG. 31 is a diagram showing the flow of re-
frigerant (when the first heat exchange path 31 is being
defrosted) in the air conditioning apparatus 101 during
the air-warming defrost operation in the present modifi-
cation.
[0134] In such a configuration, the same air-warming
operation as in the above embodiment can be performed
by opening the diverter-tube-side selection valve 75 and
closing the electromagnetic valve 76, as shown in FIG.
30. The same air-cooling operation as in the above em-
bodiment can also be performed in the same actuated
states of the diverter-tube-side selection valve 75 and
the electromagnetic valve 76 as in the air-warming op-
eration. The same air-warming defrost operation as in
the first embodiment can be performed without passing
refrigerant through the subcooling path 34, by closing the
diverter-tube-side selection valve 75 and opening the
electromagnetic valve 76 as shown in FIG. 31. It is there-
by possible to use the heat of the refrigerant solely for
defrosting the heat exchange paths.

(Modification 5)

[0135] In the air conditioning apparatus 101 according
to Modification 2 described above, the defrosting flow
channel mechanism 126 is configured so that refrigerant
sent to the outdoor heat exchanger 123 from the indoor
heat exchanger 41 can be sent to the gas-side end of
the arbitrarily selected heat exchange path of the plurality
of heat exchange paths 31 to 33 after passing through
the subcooling path 34, without flowing into the refriger-
ant flow diverter 64. However, in the air-warming defrost
operation, when the refrigerant sent to the outdoor heat
exchanger 123 from the indoor heat exchanger 41 does
not need to pass through the subcooling path 34, the
defrosting flow channel mechanism 126 may be config-
ured so that the same refrigerant flow as the air-warming
defrost operation of the first embodiment can be
achieved.
[0136] For example, in the air conditioning apparatus
101 of Modification 2 described above, the heat ex-
change path supply tube 71 may be made to branch from
a position between the expansion valve 24 of the liquid
refrigerant tube 27 and the liquid-side end of the subcool-
ing path 34, as shown in FIGS. 32 and 33. In the config-
uration of the present modification, similar to Modification
2 described above, the switching valve 82 is connected
to the controller 8 instead of the branching-tube-side heat
exchange path selection valves 73a to 73c and the head-
er-side heat exchange path selection valves 74a to 74c
in the control block diagram of FIG. 2. FIG. 32 is a sche-
matic configuration diagram of the air conditioning appa-
ratus 101 according to the present modification, showing
the flow of refrigerant in the air conditioning apparatus
101 during the air-warming operation. FIG. 33 is a dia-
gram showing the flow of refrigerant (when the first heat
exchange path 31 is being defrosted) in the air condition-
ing apparatus 101 during the air-warming defrost oper-
ation in the present modification.
[0137] Even with such a configuration, the same air-
warming operation as in the above embodiment can be
performed by activating the switching valve 82 so that
refrigerant is not sent to any of the header communication
tubes 65a to 65c, as shown in FIG. 32. The same air-
cooling operation as in the above embodiment can also
be performed in the same actuated state of the switching
valve 82 as in the air-warming operation. The same air-
warming defrost operation as in the first embodiment can
be performed without passing refrigerant through the
subcooling path 34, by activating the switching valve 82
so as to close the diverter-tube-side selection valve 75
and select to send the refrigerant flowing through the
heat exchange path supply tube 71 to any one of the
header communication tubes 65a to 65c, and to connect
the gas refrigerant tube 28 with the header communica-
tion tubes other than the header communication tube to
which the refrigerant flowing through the heat exchange
path supply tube 71 is sent, as shown in FIG. 33.

49 50 



EP 2 741 021 A1

27

5

10

15

20

25

30

35

40

45

50

55

(Modification 6)

[0138] In the air conditioning apparatus 101 according
to Modification 3 described above, the defrosting flow
channel mechanism 126 is configured so that refrigerant
sent to the outdoor heat exchanger 123 from the indoor
heat exchanger 41 can be sent to the gas-side end of
the arbitrarily selected heat exchange path of the plurality
of heat exchange paths 31 to 33 after passing through
the subcooling path 34, without flowing into the refriger-
ant flow diverter 64. However, in the air-warming defrost
operation, when the refrigerant sent to the outdoor heat
exchanger 123 from the indoor heat exchanger 41 does
not need to pass through the subcooling path 34, the
defrosting flow channel mechanism 126 may be config-
ured so that the same refrigerant flow as the air-warming
defrost operation of the first embodiment can be
achieved.
[0139] For example, in the air conditioning apparatus
101 of Modification 3 described above, the liquid refrig-
erant tube 27 may be connected to the switching valve
83 instead of the subcooling path-heat exchange path
communication tube 35, as shown in FIGS. 34 and 35.
In the configuration of the present modification, similar
to Modification 3 described above, the switching valve
83 is connected to the controller 8 instead of the branch-
ing-tube-side heat exchange path selection valves 73a
to 73c, and the header-side heat exchange path selection
valves 74a to 74c, and the diverter-tube-side selection
valve 75 in the control block diagram of FIG. 2. FIG. 34
is a schematic configuration diagram of the air condition-
ing apparatus 101 according to the present modification,
showing the flow of refrigerant in the air conditioning ap-
paratus 101 during the air-warming operation. FIG. 35 is
a diagram showing the flow of refrigerant (when the first
heat exchange path 31 is being defrosted) in the air con-
ditioning apparatus 101 during the air-warming defrost
operation in the present modification.
[0140] Even with such a configuration, the same air-
warming operation as in the above embodiment can be
performed by activating the switching valve 83 so that
the refrigerant flowing through the liquid refrigerant tube
27 flows to the subcooling path-heat exchange path com-
munication tube 35, as shown in FIG. 34. The same air-
cooling operation as in the above embodiment can also
be performed in the same actuated state of the switching
valve 83 as in the air-warming operation. The same air-
warming defrost operation as in the first embodiment can
be performed without passing refrigerant through the
subcooling path 34, by activating the switching valve 83
so as to select to send the refrigerant flowing through the
liquid refrigerant tube 27 to any one of the header com-
munication tubes 65a to 65c, and to connect the gas re-
frigerant tube 28 with the header communication tubes
other than the header communication tube to which the
refrigerant flowing through the liquid refrigerant tube 27
is sent, as shown in FIG. 35.

<Other Embodiments>

[0141] Embodiments of the present invention and
modifications thereof were described above based on
the drawings, but the specific configuration is not limited
to these embodiments and modifications thereof, and can
be altered within a range that does not deviate from the
scope of the invention.

(A)

[0142] In the above embodiments and the modifica-
tions thereof, the first embodiment (see FIG. 1 etc.) and
the second embodiment (see FIG. 21 etc.) having the
branching-tube-side heat exchange path selection
valves 73a to 73c are configured such that the defrosting
flow channel mechanisms 26, 126 have a heat exchange
path supply tube 71 and heat exchange path branching
tubes 72a to 72c.
[0143] However, another option is a configuration hav-
ing a header 68 in place of the heat exchange path supply
tube 71 and the heat exchange path branching tubes 72a
to 72c, as shown in FIG. 36. In this configuration, the
liquid refrigerant tube 27 is directly connected to the
header 68, the branching-tube-side heat exchange path
selection valves 73a to 73c are directly connected at one
end to the header 68, and the branching-tube-side heat
exchange path selection valves 73a to 73c is directly con-
nected at the other end to the header communication
tubes 65a to 65c. FIG. 36 shows an example in which
the defrosting flow channel mechanism 26 having a
header 68 is employed in the configuration of the first
embodiment, but the defrosting flow channel mechanism
126 having a header 68 directly connected to the sub-
cooling path-heat exchange path communication tube 35
can be employed in the configuration of the second em-
bodiment as shown in FIG. 37.
[0144] Even with such a configuration, the same air-
warming defrost operation as in the above embodiments
and the modifications thereof can be performed. With
these configurations, the heat exchange path supply tube
71 and the heat exchange path branching tubes 72a to
72c can be omitted while still retaining the configurations
of the defrosting flow channel mechanisms 26, 126 that
have the branching-tube-side heat exchange path selec-
tion valves 73a to 73c, and the configurations of the de-
frosting flow channel mechanisms 26, 126 can be sim-
plified.

(B)

[0145] The above embodiments and the modifications
thereof had configurations in which one indoor unit was
connected to one outdoor unit, but the configuration is
not limited as such. For example, a plurality of indoor
units may be connected to an outdoor unit, one indoor
unit may be connected to a plurality of outdoor units, or
a plurality of indoor units may be connected to a plurality
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of outdoor units.
[0146] In the above embodiments and the modifica-
tions thereof, the air conditioning apparatus was de-
signed such that the switch between air cooling and air
warming could be made by a four-way switching valve,
but such a configuration is not provided by way of limita-
tion to the air conditioning apparatus. For example, the
configuration may be solely for air warming (i.e. the con-
figuration may constantly use an indoor heat exchanger
as a heat radiator with no four-way switching valve).

(C)

[0147] In the above embodiments and the modifica-
tions thereof, an outdoor unit was employed in which out-
door air was blown out in a transverse direction, but the
outdoor unit is not limited as such. Another type of out-
door unit may be used, such as an outdoor unit or the
like in which the outdoor fan is placed above the outdoor
heat exchanger and outdoor air is thereby blown out up-
ward, for example.

(D)

[0148] In the above embodiments and the modifica-
tions thereof, a cross fin type fin-and-tube heat exchang-
er was employed as the outdoor heat exchanger, but the
outdoor heat exchanger is not limited as such. Another
type of heat exchanger may be used, such as a stacked
heat exchanger or the like which uses corrugated fins.
The number of heat exchange paths constituting the out-
door heat exchanger is not limited to three, and may be
four or more.

INDUSTRIAL APPLICABILITY

[0149] The present invention can be widely applied to
air conditioning apparatuses that can perform an air-
warming operation.

REFERENCE SIGNS LIST

[0150]

1, 101 Air conditioning apparatus

21 Compressor

23, 123 Outdoor heat exchanger

26, 126 Defrosting flow channel mechanism

31-33 Heat exchange paths

34 Subcooling path

41 Indoor heat exchanger

64 Refrigerant flow diverter
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Claims

1. An air conditioning apparatus (1, 101) configured by
sequentially connecting a compressor (21) for com-
pressing refrigerant, an indoor heat exchanger (41)
for radiating the heat of the refrigerant compressed
in the compressor, and an outdoor heat exchanger
(23, 123) for evaporating the refrigerant heat-radiat-
ed in the indoor heat exchanger by heat exchange
with outdoor air, the air conditioning apparatus being
capable of performing an air-warming operation for
circulating refrigerant in order through the compres-
sor, the indoor heat exchanger, the outdoor heat ex-
changer, and the compressor; wherein
the outdoor heat exchanger has a plurality of heat
exchange paths (31-33) connected in parallel to
each other;
liquid-side ends of the heat exchange paths are con-
nected in parallel by a refrigerant flow diverter (64)
for branching the refrigerant sent to the outdoor heat
exchanger from the indoor heat exchanger to the
liquid-side ends of the heat exchange paths;
a defrosting flow channel mechanism (26, 126) is
provided for sending the refrigerant sent to the out-
door heat exchanger from the indoor heat exchanger
to a gas-side end of an arbitrarily selected heat ex-
change path of the plurality of heat exchange paths,
without channeling the refrigerant into the refrigerant
flow diverter; and
an air-warming defrost operation is performed by the
defrosting flow channel mechanism in which the re-
frigerant sent to the outdoor heat exchanger from
the indoor heat exchanger is not channeled into the
refrigerant flow diverter but is passed through the
arbitrarily selected heat exchange path from the gas-
side end to the liquid-side end of the arbitrarily se-
lected heat exchange path, and the refrigerant
passed through the arbitrarily selected heat ex-
change path flows through the refrigerant flow divert-
er to be passed through other heat exchange paths
other than the arbitrarily selected heat exchange
path, from the liquid-side end to the gas-side end of
the other heat exchange paths, whereby the refrig-
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erant sent from the indoor heat exchanger to the out-
door heat exchanger is evaporated while the arbi-
trarily selected heat exchange path is defrosted.

2. The air conditioning apparatus (101) according to
claim 1, wherein
the outdoor heat exchanger (123) further has a sub-
cooling path (34) through which the refrigerant sent
from the indoor heat exchanger (41) to the outdoor
heat exchanger passes before flowing into the re-
frigerant flow diverter (64); and
the defrosting flow channel mechanism (126) is pro-
vided so as to be capable of sending the refrigerant
sent to the outdoor heat exchanger from the indoor
heat exchanger to the gas-side end of the arbitrarily
selected heat exchange path of the plurality of heat
exchange paths (31-33) after the refrigerant has
passed through the subcooling path.

3. The air conditioning apparatus (101) according to
claim 1, wherein
the outdoor heat exchanger (123) further has a sub-
cooling path (34) through which the refrigerant sent
from the indoor heat exchanger (41) to the outdoor
heat exchanger passes before flowing into the re-
frigerant flow diverter (64); and
the defrosting flow channel mechanism (126) is pro-
vided so as to be capable of sending the refrigerant
sent to the outdoor heat exchanger from the indoor
heat exchanger to the gas-side end of the arbitrarily
selected heat exchange path of the plurality of heat
exchange paths (31-33) without passing the refrig-
erant through the subcooling path.
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