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(54) AIR CONDITIONER

(57) An air conditioning apparatus (1) comprises a
refrigerant circuit (10) having a compressor (21), an out-
door heat exchanger (23), indoor heat exchangers (42a,
42b), and a heat storage heat exchanger (28) for per-
forming heat exchange between a refrigerant and a heat
storage medium, the air conditioning apparatus being ca-
pable of performing a heat storage operation and simul-
taneously performing a heat-storage-utilizing operation
and an air-warming operation during a defrosting oper-
ation. During the defrosting operation accompanying the
heat-storage-utilizing operation in the air conditioning ap-
paratus (1), the defrosting capability of the outdoor heat
exchanger (23) is altered based on the outdoor temper-
ature of the external space where the outdoor heat ex-
changer (23) is located, and/or either an outdoor heat
exchange outlet temperature, which is the temperature
of the refrigerant in an outlet of the outdoor heat exchang-
er (23) at the end of the previous defrosting operation,
or the time required for the previous defrosting operation.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an air condi-
tioning apparatus, and particularly to an air conditioning
apparatus comprising a refrigerant circuit having a heat
storage heat exchanger for performing heat exchange
between a refrigerant and a heat storage medium, where-
in a heat storage operation for storing heat in a heat stor-
age medium can be performed by causing the heat stor-
age heat exchanger to function as a heat radiator of the
refrigerant, and an air-warming operation and a heat-
storage-utilizing operation for radiating heat from the heat
storage medium can be performed simultaneously by
causing the heat storage heat exchanger to function as
an evaporator of the refrigerant during a defrosting op-
eration.

BACKGROUND ART

[0002] In the past, there have been air conditioning ap-
paratuses that comprise a refrigerant circuit having a
compressor, an outdoor heat exchanger, an indoor heat
exchanger, and a heat storage heat exchanger for per-
forming heat exchange between a refrigerant and a heat
storage medium, wherein a heat storage operation is per-
formed, and a heat-storage-utilizing operation and an air-
warming operation can be performed simultaneously
during a defrosting operation, as shown in Patent Liter-
ature 1 (Japanese Laid-open Patent Application No.
2005-337657). The heat storage operation is an opera-
tion for storing heat in a heat storage medium by causing
the heat storage heat exchanger to function as an evap-
orator of the refrigerant. The defrosting operation is an
operation for defrosting the outdoor heat exchanger by
causing the outdoor heat exchanger to function as a heat
radiator of the refrigerant. The heat-storage-utilizing op-
eration is an operation for radiating heat from the heat
storage medium by causing the heat storage heat ex-
changer to function as an evaporator of the refrigerant.
The air-warming operation is an operation for causing
the indoor heat exchanger to function as a heat radiator
of the refrigerant.

SUMMARY OF THE INVENTION

[0003] In the conventional air conditioning apparatus
described above, the defrosting capability of the outdoor
heat exchanger needed during the defrosting operation
accompanying the heat-storage-utilizing operation dif-
fers depending on climate conditions (outdoor tempera-
ture, humidity, degree of snowfall) and other factors in
the region where the air conditioning apparatus is in-
stalled. One solution being considered for dealing with
the differences in defrosting capability depending on the
local climate conditions and other factors is to decide the
specifications of the heat storage heat exchanger includ-

ing the heat storage medium capacity and the like, as-
suming that the climate conditions and other factors are
those required by most defrosting capabilities during the
defrosting operation accompanying the heat-storage-uti-
lizing operation, such as in cold regions.
[0004] However, when the specifications of the heat
storage heat exchanger are decided in this manner, a
large-capacity heat storage medium is required, and the
size, weight, and/or cost of the heat storage heat ex-
changer are greatly affected. When the air conditioning
apparatus is installed in a cold region, the specifications
of the air conditioning apparatus including the heat stor-
age heat exchanger are appropriate, but when the air
conditioning apparatus is installed in a warm region, the
specifications of the air conditioning apparatus including
the heat storage heat exchanger are excessive.
[0005] As shall be apparent, if there are a wide variety
of air conditioning apparatuses available with a plurality
of specifications including the heat storage heat ex-
changer for different regions, the air conditioning appa-
ratus can be adapted for a wide range of regions, but
increasing the variety of available apparatuses has great
disadvantages such as decreased productivity and in-
creased cost.
[0006] An object of the present invention is to provide
an air conditioning apparatus that comprises a refrigerant
circuit having a heat storage heat exchanger for perform-
ing heat exchange between a refrigerant and a heat stor-
age medium, that can perform a heat storage operation,
and that can perform a heat-storage-utilizing operation
and an air-warming operation simultaneously during a
defrosting operation, wherein the air conditioning appa-
ratus can be adapted for a wide range of regions by
means of the heat storage heat exchanger having a heat
storage medium of a specific capacity.
[0007] An air conditioning apparatus according to a first
aspect comprises a refrigerant circuit having a compres-
sor, an outdoor heat exchanger, indoor heat exchangers,
and a heat storage heat exchanger for performing heat
exchange between a refrigerant and a heat storage me-
dium, the air conditioning apparatus being capable of per-
forming a heat storage operation, and simultaneously
performing a heat-storage-utilizing operation and an air-
warming operation during a defrosting operation. The
heat storage operation is an operation for storing heat in
the heat storage medium by causing the heat storage
heat exchanger to function as a heat radiator of the re-
frigerant. The defrosting operation is an operation for de-
frosting the outdoor heat exchanger by causing the out-
door heat exchanger to function as a heat radiator of the
refrigerant. The heat-storage-utilizing operation is an op-
eration for radiating heat from the heat storage medium
by causing the heat storage heat exchanger to function
as an evaporator of the refrigerant. The air-warming op-
eration is an operation for causing the indoor heat ex-
changers to function as heat radiators of the refrigerant.
In this air conditioning apparatus, during the defrosting
operation accompanying the heat-storage-utilizing oper-
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ation, the defrosting capability of the outdoor heat ex-
changer is altered on the basis of the outdoor tempera-
ture of the external space where the outdoor heat ex-
changer is installed, and/or either an outdoor heat ex-
change outlet temperature which is the temperature of
the refrigerant in an outlet of the outdoor heat exchanger
at the end of the previous defrosting operation, or the
time required for the previous defrosting operation.
[0008] During the defrosting operation accompanying
the heat-storage-utilizing operation herein, the defrosting
capability of the outdoor heat exchanger, which must be
varied according to climate conditions and other factors
in the region where the air conditioning apparatus is in-
stalled, is altered based on the outdoor temperature
and/or either the outdoor heat exchange outlet temper-
ature at the end of the previous defrosting operation or
the time required for the previous defrosting operation.
Therefore, during the defrosting operation accompany-
ing the heat-storage-utilizing operation, the defrosting
capability of the outdoor heat exchanger can be set to a
capability appropriate for the climate conditions and other
factors in the region where the air conditioning apparatus
is installed.
[0009] The defrosting capability of the outdoor heat ex-
changer can thereby can be set herein to a capability
appropriate for the climate conditions and other factors
in the region where the air conditioning apparatus is in-
stalled, and the air conditioning apparatus can be adapt-
ed to a wide range of regions by means of the heat stor-
age heat exchanger having a heat storage medium of a
specific capacity.
[0010] An air conditioning apparatus according to a
second aspect is the air conditioning apparatus accord-
ing to the first aspect, wherein during the defrosting op-
eration accompanying the heat-storage-utilizing opera-
tion, when an alteration is required to increase the de-
frosting capability of the outdoor heat exchanger on the
basis of the outdoor temperature and/or either the out-
door heat exchange outlet temperature at the end of the
previous defrosting operation or the time required for the
previous defrosting operation, the air-warming capabili-
ties of the indoor heat exchangers are reduced while the
air-warming operation is simultaneously performed.
[0011] When the air-warming operation is performed
simultaneously during the defrosting operation accom-
panying the heat-storage-utilizing operation, some of the
defrosting capability of the outdoor heat exchanger is
used as the air-warming capabilities of the indoor heat
exchangers. At this time, when the air-warming capabil-
ities of the indoor heat exchangers are maintained re-
gardless of the need to increase the defrosting capability
of the outdoor heat exchanger, there is a risk that the
defrosting of the outdoor heat exchanger will be insuffi-
cient.
[0012] In view of this, in cases in which the air-warming
operation is performed simultaneously during the de-
frosting operation accompanying the heat-storage-utiliz-
ing operation as described above, the air-warming capa-

bilities of the indoor heat exchangers are reduced when
an alteration is required to increase the defrosting capa-
bility of the outdoor heat exchanger.
[0013] It is thereby possible in the defrosting operation
accompanying the heat-storage-utilizing operation here-
in to ensure the defrosting capability of the outdoor heat
exchanger while continuing the air-warming operation to
the fullest extent possible.
[0014] An air conditioning apparatus according to a
third aspect is the air conditioning apparatus according
to the second aspect, wherein in cases in which the air-
warming operation is performed simultaneously during
the defrosting operation accompanying the heat-storage-
utilizing operation, an interval time between the defrost-
ing operations is altered based on the outdoor tempera-
ture and/or either the outdoor heat exchange outlet tem-
perature at the end of the previous defrosting operation
or the time required for the previous defrosting operation.
[0015] In cases in which the outdoor temperature is
low, the outdoor heat exchange outlet temperature at the
end of the previous defrosting operation was low, and/or
a long time was required for the previous defrosting op-
eration, it is preferable that the defrosting operation be
performed frequently so that the defrosting operation is
performed satisfactorily.
[0016] In view of this, the interval time between the
defrosting operations is altered herein based on the out-
door temperature and/or either the outdoor heat ex-
change outlet temperature at the end of the previous de-
frosting operation or the time required for the previous
defrosting operation, as described above. For example,
in cases in which the outdoor temperature is low, the
outdoor heat exchange outlet temperature at the end of
the previous defrosting operation was low, and/or a long
time was required for the previous defrosting operation,
an alteration is made to shorten the interval time between
the defrosting operations.
[0017] It is thereby possible herein for the frequency
of the defrosting operation to be altered as necessary,
and for the defrosting operation accompanying the heat-
storage-utilizing operation to be performed satisfactorily.
[0018] An air conditioning apparatus according to a
fourth aspect is the air conditioning apparatus according
to the second or third aspect, wherein during the defrost-
ing operation accompanying the heat-storage-utilizing
operation, supply of the refrigerant to the indoor heat ex-
changers is ceased and the outdoor heat exchanger is
defrosted when an alteration is required for further in-
creasing the defrosting capability of the outdoor heat ex-
changer on the basis of the outdoor temperature and/or
either the outdoor heat exchange outlet temperature at
the end of the previous defrosting operation or the time
required for the previous defrosting operation.
[0019] When the air-warming operation is performed
simultaneously during the defrosting operation accom-
panying the heat-storage-utilizing operation, there are
cases in which the outdoor temperature is too low, the
outdoor heat exchange outlet temperature at the end of
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the previous defrosting operation is too low, or the time
required for the previous defrosting operation is too long
for the defrosting capability requirement of the outdoor
heat exchanger to be met merely by reducing the air-
warming capabilities of the indoor heat exchangers.
[0020] In view of this, when an alteration is required to
further increase the defrosting capability of the outdoor
heat exchanger during the defrosting operation accom-
panying the heat-storage-utilizing operation as described
above, the supply of the refrigerant to the indoor heat
exchangers is ceased and the outdoor heat exchanger
is defrosted.
[0021] It is thereby possible in the defrosting operation
accompanying the heat-storage-utilizing operation here-
in to ensure the defrosting capability of the outdoor heat
exchanger without performing the air-warming operation,
when the defrosting capability requirement of the outdoor
heat exchanger cannot be met merely by reducing the
air-warming capabilities of the indoor heat exchangers.
[0022] An air conditioning apparatus according to a fifth
aspect is the air conditioning apparatus according to the
fourth aspect, wherein during the defrosting operation
accompanying the heat-storage-utilizing operation, in
cases in which an alteration is required to further increase
the defrosting capability of the outdoor heat exchanger
on the basis of the outdoor temperature and/or either the
outdoor heat exchange outlet temperature at the end of
the previous defrosting operation or the time required for
the previous defrosting operation, the air conditioning ap-
paratus performs a communication pipe heat recovery
operation for recovering heat held in a refrigerant pipe
connecting the indoor heat exchangers and the compres-
sor, and/or an indoor heat exchanger heat recovery op-
eration for recovering heat obtained by the refrigerant
due to the indoor heat exchangers being made to function
as evaporators of the refrigerant.
[0023] There are cases in which the outdoor temper-
ature is too low, the outdoor heat exchange outlet tem-
perature at the end of the previous defrosting operation
is too low, or the time required for the previous defrosting
operation is too long for the defrosting capability require-
ment of the outdoor heat exchanger to be met merely by
ceasing the supply of the refrigerant to the indoor heat
exchangers (i.e. ceasing the air-warming operation) in
the defrosting operation accompanying the heat-storage-
utilizing operation.
[0024] In view of this, in cases in which an alteration
is required herein to further increase the defrosting ca-
pability of the outdoor heat exchanger in the defrosting
operation accompanying the heat-storage-utilizing oper-
ation as described above, the communication pipe heat
recovery operation and/or the indoor heat exchanger
heat recovery operation are performed while the air-
warming operation is ceased.
[0025] It is thereby possible herein to ensure the de-
frosting capability of the outdoor heat exchanger even in
cases in which it is not possible to meet the defrosting
capability requirement of the outdoor heat exchanger

merely by ceasing the air-warming operation in the de-
frosting operation accompanying the heat-storage-utiliz-
ing operation.
[0026] An air conditioning apparatus according to a
sixth aspect is the air conditioning apparatus according
to the fifth aspect, wherein indoor fans are also provided
for supplying air to the indoor heat exchangers, and the
indoor heat exchanger heat recovery operation includes
a first indoor heat exchanger heat recovery operation in
which the indoor fans are not operated, and a second
indoor heat exchanger heat recovery operation in which
the indoor fans are operated.
[0027] The indoor heat exchanger heat recovery op-
eration herein includes the first indoor heat exchanger
heat recovery operation for recovering heat from the in-
door heat exchangers while minimizing the effect on the
air conditioned space without operating the indoor fans,
and the second indoor heat exchanger heat recovery op-
eration in which the effect on the air conditioned space
is greater due to the indoor fans being operated but more
heat can be recovered than in the first indoor heat ex-
changer heat recovery operation. Therefore, the first in-
door heat exchanger heat recovery operation can be per-
formed when a small degree of outdoor heat exchanger
defrosting capability is required, and the second indoor
heat exchanger heat recovery operation can be per-
formed when a large degree of outdoor heat exchanger
defrosting capability is required.
[0028] Two indoor heat exchanger heat recovery op-
erations having different degrees of heat recovery can
thereby be used herein as necessary to ensure the de-
frosting capability of the outdoor heat exchanger.
[0029] An air conditioning apparatus according to a
seventh aspect is the air conditioning apparatus accord-
ing to fifth or sixth aspect, wherein the defrosting opera-
tion is performed every time the heat storage operation
ends when the communication pipe heat recovery oper-
ation and/or the indoor heat exchanger heat recovery
operation are performed during the defrosting operation
accompanying the heat-storage-utilizing operation.
[0030] In cases in which a heat recovery operation is
performed simultaneously during the defrosting opera-
tion accompanying the heat-storage-utilizing operation,
it is preferable that the defrosting operation be performed
frequently, and that sufficient heat be stored in the heat
storage medium during the heat storage operation per-
formed before the defrosting operation.
[0031] In view of this, in cases in which a heat recovery
operation is performed simultaneously during the de-
frosting operation accompanying the heat-storage-utiliz-
ing operation as described above, the defrosting opera-
tion is designed to be performed every time the heat stor-
age operation ends. Therefore, heat is reliably stored in
the heat storage medium in the heat storage operation
before the defrosting operation, and the interval time be-
tween the defrosting operations can be shortened by
omitting the air-warming operation after the heat storage
operation.
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[0032] It is thereby possible herein to increase the fre-
quency of the defrosting operation, to sufficiently utilize
the stored heat of the heat storage medium, and to sat-
isfactorily perform the defrosting operation accompany-
ing the heat-storage-utilizing operation, in cases in which
a heat recovery operation is performed simultaneously
during the defrosting operation accompanying the heat-
storage-utilizing operation.
[0033] An air conditioning apparatus according to an
eighth aspect is the air conditioning apparatus according
to any one of the fifth to seventh aspects, wherein a heat
recovery operation setting part is provided for setting
whether to allow or inhibit the communication pipe heat
recovery operation and/or the indoor heat exchanger
heat recovery operation in the defrosting operation ac-
companying the heat-storage-utilizing operation.
[0034] The heat recovery operation setting part is also
designed herein to be able to set whether the heat re-
covery operation will be performed simultaneously or in-
hibited in the defrosting operation accompanying the
heat-storage-utilizing operation. For example, settings
can be made such that in cold regions, a heat recovery
operation is performed in the defrosting operation ac-
companying the heat-storage-utilizing operation, and in
warm regions, no heat recovery operation is performed
in the defrosting operation accompanying the heat-stor-
age-utilizing operation.
[0035] It is thereby possible herein to set, in accord-
ance with climate conditions and other factors in the re-
gion where the air conditioning apparatus is installed,
whether or not a heat recovery operation is performed.
[0036] An air conditioning apparatus according to a
ninth aspect is the air conditioning apparatus according
to the eighth aspect, wherein the heat recovery operation
setting part is capable of setting each of the communi-
cation pipe heat recovery operation, the first indoor heat
exchanger heat recovery operation, and the second in-
door heat exchanger heat recovery operation in the de-
frosting operation accompanying the heat-storage-utiliz-
ing operation.
[0037] It is possible herein to design the heat recovery
operation setting part so as to set which of the three heat
recovery operations will be performed in cases when the
heat recovery operation is to be performed simultane-
ously during the defrosting operation accompanying the
heat-storage-utilizing operation.
[0038] It is thereby possible herein to set, in accord-
ance with climate conditions and other factors in the re-
gion where the air conditioning apparatus is installed,
which of the heat recovery operations will be performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039]

FIG. 1 is a schematic overview of an air conditioning
apparatus according to an embodiment of the
present invention;

FIG. 2 is a schematic overview of the heat storage
heat exchanger;
FIG. 3 is a control block diagram of the air condition-
ing apparatus;
FIG. 4 is a drawing showing the flow of refrigerant
within the refrigerant circuit in the air-cooling opera-
tion;
FIG. 5 is a drawing showing the flow of refrigerant
within the refrigerant circuit in the air-warming oper-
ation;
FIG. 6 is a drawing showing the flow of refrigerant
within the refrigerant circuit in the heat storage op-
eration (the heat storage operation during the air-
warming operation);
FIG. 7 is a drawing showing the flow of refrigerant
within the refrigerant circuit in the defrosting opera-
tion (the defrosting operation accompanying the
heat-storage-utilizing operation);
FIG. 8 is a table of defrosting operation patterns for
altering the defrosting capability of the outdoor heat
exchanger;
FIG. 9 is a flowchart of defrosting operation patterns
for altering the defrosting capability of the outdoor
heat exchanger;
FIG. 10 is a table of defrosting operation patterns for
altering the defrosting capability of the outdoor heat
exchanger according to Modification 1;
FIG. 11 is a table of defrosting operation patterns for
altering the defrosting capability of the outdoor heat
exchanger according to Modification 2;
FIG. 12 is a flowchart of defrosting operation patterns
for altering the defrosting capability of the outdoor
heat exchanger according to Modification 2;
FIG. 13 is a control block diagram of the air condi-
tioning apparatus according to Modification 2;
FIG. 14 is a drawing showing the flow of refrigerant
within the refrigerant circuit in a pattern 4 defrosting
operation (the defrosting operation accompanying
the heat-storage-utilizing operation) according to
Modification 2; and
FIG. 15 is a drawing showing the flow of refrigerant
within the refrigerant circuit in a pattern 5 or 6 de-
frosting operation (the defrosting operation accom-
panying the heat-storage-utilizing operation) ac-
cording to Modification 2.

DESCRIPTION OF EMBODIMENTS

[0040] An embodiment of the air conditioning appara-
tus according to the present invention is described below
with reference to the drawings. The specific configuration
of the embodiment of the air conditioning apparatus ac-
cording to the present invention is not limited to the fol-
lowing embodiment or the modifications thereof, and can
be modified within a range that does not deviate from the
scope of the invention.
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(1) Basic Configuration of Air Conditioning Apparatus

[0041] FIG. 1 is a schematic overview of an air condi-
tioning apparatus 1 according to an embodiment of the
present invention. The air conditioning apparatus 1 is an
apparatus used to air-condition the interior of a room in
a building or the like by performing a vapor-compression
refrigeration cycle operation. The air conditioning appa-
ratus 1 is configured by connecting primarily an outdoor
unit 2 and a plurality (two in this case) of indoor units 4a,
4b. The outdoor unit 2 and the plurality of indoor units
4a, 4b herein are connected via a liquid refrigerant com-
munication pipe 6 and a gas refrigerant communication
pipe 7. Specifically, a vapor-compression refrigerant cir-
cuit 10 of the air conditioning apparatus 1 is configured
by connecting the outdoor unit 2 and the plurality of indoor
units 4a, 4b via the refrigerant communication pipes 6, 7.

<Indoor Units>

[0042] The indoor units 4a, 4b are installed in a room.
The indoor units 4a, 4b, which are connected to the out-
door unit 2 via the refrigerant communication pipes 6, 7,
constitute part of the refrigerant circuit 10.
[0043] Next, the configuration of the indoor units 4a,
4b will be described. Because the indoor unit 4b has a
configuration identical to that of the indoor unit 4a, only
the configuration of the indoor unit 4a is described herein,
and the configuration of the indoor unit 4b, for which the
components are not described, uses the letter "b" in place
of the letter "a" indicating the components of the indoor
unit 4a.
[0044] The indoor unit 4a has primarily an indoor-side
refrigerant circuit 10a constituting part of the refrigerant
circuit 10 (the indoor unit 4b has an indoor-side refrigerant
circuit 10b). The indoor-side refrigerant circuit 10a has
primarily an indoor expansion valve 41a and an indoor
heat exchanger 42a.
[0045] The indoor expansion valve 41a is a valve for
depressurizing the refrigerant flowing through the indoor-
side refrigerant circuit 10a and varying the flow rate of
the refrigerant flowing through the indoor heat exchanger
42a. The indoor expansion valve 41a is an electric ex-
pansion valve connected to the liquid side of the indoor
heat exchanger 42a.
[0046] The indoor heat exchanger 42a is composed
of, e.g., a cross-fin-type fin-and-tube heat exchanger. An
indoor fan 43a for sending indoor air to the indoor heat
exchanger 42a is provided in proximity to the indoor heat
exchanger 42a. Heat exchange between the refrigerant
and indoor air is performed in the indoor heat exchanger
42a by the blowing of indoor air to the indoor heat ex-
changer 42a by the indoor fan 43a. The indoor fan 43a
is designed to be rotatably driven by an indoor fan motor
44a. The indoor heat exchanger 42a is thereby designed
to function as a heat radiator of the refrigerant and/or an
evaporator of the refrigerant.
[0047] Various sensors are provided to the indoor unit

4a. A liquid-side temperature sensor 45a for detecting
the temperature Trla of refrigerant in a liquid state or a
gas-liquid two-phase state is provided to the liquid side
of the indoor heat exchanger 42a. A gas-side tempera-
ture sensor 46a for detecting the temperature Trga of
refrigerant in a gas state is provided to the gas side of
the indoor heat exchanger 42a. An indoor temperature
sensor 47a for detecting the temperature of indoor air
(i.e. the indoor temperature Tra) in the space to be air-
conditioned by the indoor unit 4a is provided in the indoor
air intake port side of the indoor unit 4a. The indoor unit
4a also has an indoor-side control part 48a for controlling
the actions of the components constituting the indoor unit
4a. The indoor-side control part 48a, which has compo-
nents such as a microcomputer and/or a memory provid-
ed in order to perform controls for the indoor unit 4a, is
designed to be capable of exchanging control signals
and the like with a remote controller 49a for operating
the indoor unit 4a individually, and exchanging control
signals and the like with the outdoor unit 2. The remote
controller 49a is a device for the user to perform various
settings and/or operations/stop commands pertaining to
air conditioning operation.

<Outdoor Unit>

[0048] The outdoor unit 2 is installed outside of the
room. The outdoor unit 2, which is connected to the indoor
units 4a, 4b via the refrigerant communication pipes 6,
7, constitutes part of the refrigerant circuit 10.
[0049] Next, the configuration of the outdoor unit 2 will
be described.
[0050] The outdoor unit 2 has primarily an outdoor-side
refrigerant circuit 10c constituting part of the refrigerant
circuit 10. The outdoor-side refrigerant circuit 10c has
primarily a compressor 21, a first switching mechanism
22, an outdoor heat exchanger 23, an outdoor expansion
valve 24, a second switching mechanism 27, a heat stor-
age heat exchanger 28, and a heat storage expansion
valve 29.
[0051] The compressor 21 is a hermetic compressor
accommodating a compression element (not shown) in-
side a casing and a compressor motor 20 for rotatably
driving the compression element. The compressor motor
20 is supplied with electric power via an inverter appa-
ratus (not shown), and the operating capacity can be var-
ied by changing the frequency (i.e. the rotational speed)
of the inverter apparatus.
[0052] The first switching mechanism 22 is a four-way
switching valve for switching the direction of refrigerant
flow. When the outdoor heat exchanger 23 is made to
function as a heat radiator of the refrigerant, the first
switching mechanism 22 performs a switch connecting
the discharge side of the compressor 21 and the gas side
of the outdoor heat exchanger 23, and connecting the
gas side of the heat storage heat exchanger 28 and the
intake side of the compressor 21 (outdoor heat-radiating
switched state; refer to the solid lines of the first switching
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mechanism 22 in FIG. 1). When the first switching mech-
anism 22 is switched to the outdoor heat-radiating
switched state, the heat storage heat exchanger 28 can
be made to function as an evaporator of the refrigerant.
When the outdoor heat exchanger 23 is made to function
as an evaporator of the refrigerant, the first switching
mechanism 22 performs a switch connecting the intake
side of the compressor 21 and the gas side of the outdoor
heat exchanger 23, and connecting the gas side of the
heat storage heat exchanger 28 and the discharge side
of the compressor 21 (outdoor evaporating switched
state; refer to the dashed lines of the first switching mech-
anism 22 in FIG. 1). When the first switching mechanism
22 is switched to the outdoor evaporating switched state,
the heat storage heat exchanger 28 can be made to func-
tion as a heat radiator of the refrigerant. Instead of being
a four-way switching valve, the first switching mechanism
22 may be configured by combining a three-way valve,
an electromagnetic valve, and/or the like to fulfill the same
function.
[0053] The outdoor heat exchanger 23 is composed
of, e.g., a cross-fin-type fin-and-tube heat exchanger. An
outdoor fan 25 for sending outdoor air to the outdoor heat
exchanger 23 is provided in proximity to the outdoor heat
exchanger 23. Heat exchange between the refrigerant
and outdoor air is performed in the outdoor heat exchang-
er 23 by the blowing of outdoor air to the outdoor heat
exchanger 23 by the outdoor fan 25. The outdoor fan 25
is designed to be rotatably driven by an outdoor fan motor
26. The outdoor heat exchanger 23 is thereby designed
to function as a heat radiator of the refrigerant and/or an
evaporator of the refrigerant.
[0054] The outdoor expansion valve 24 is a valve for
depressurizing the refrigerant flowing through the out-
door heat exchanger 23 within the outdoor-side refriger-
ant circuit 10c and varying the flow rate of the refrigerant
flowing through the outdoor heat exchanger 23. The out-
door expansion valve 24 is an electric expansion valve
connected to the liquid side of the outdoor heat exchang-
er 23.
[0055] The second switching mechanism 27 is a four-
way switching valve for switching the direction of refrig-
erant flow. When the indoor heat exchangers 42a, 42b
are made to function as evaporators of the refrigerant,
the second switching mechanism 27 performs a switch
connecting the intake side of the compressor 21 and the
gas refrigerant communication pipe 7 (indoor evaporat-
ing switched state; refer to the solid lines of the second
switching mechanism 27 in FIG. 1). When the indoor heat
exchangers 42a, 42b are made to function as heat radi-
ators of the refrigerant, the second switching mechanism
27 performs a switch connecting the discharge side of
the compressor 21 and the gas refrigerant communica-
tion pipe 7 (indoor heat-radiating switched state; refer to
the dashed lines of the second switching mechanism 27
in FIG. 1). One of the four ports of the second switching
mechanism 27 (the port near the right of the image in
FIG. 1) is substantially an unused port, due to being con-

nected to the port connected to the intake side of the
compressor 21 (the port near the top of the image in FIG.
1) via a capillary tube 271. Instead of being a four-way
switching valve, the second switching mechanism 27
may be configured by combining a three-way valve, an
electromagnetic valve, and/or the like to fulfill the same
function.
[0056] The heat storage heat exchanger 28, which is
a heat exchanger for performing heat exchange between
the refrigerant and the heat storage medium, is made to
function as a heat radiator of the refrigerant to cause heat
to be stored in the heat storage medium, and is made to
function as an evaporator of the refrigerant to cause heat
to be radiated (heat storage to be utilized) from the heat
storage medium. The heat storage heat exchanger 28
has primarily a heat storage tank 281 in which the heat
storage medium is retained, and a heat transfer tube
group 282 disposed so as to be submerged in the heat
storage medium. The heat storage tank 281 herein is a
box shaped as a substantial rectangular parallelepiped
as shown in FIG. 2, the heat storage medium being re-
tained in the interior. A substance that stores heat by
changing phases is used herein as the heat storage me-
dium. Specifically, a medium such as polyethylene glycol,
sodium sulfate hydrate, paraffin, or the like, having a
phase change temperature of about 30°C to 40°C, is
used so that the heat storage medium changes phases
(melts) and stores heat when the heat storage heat ex-
changer 28 is used as a heat radiator of the refrigerant,
and changes phases (congeals) to allow the heat storage
to be utilized when the heat storage heat exchanger 28
is used as an evaporator of the refrigerant. The heat
transfer tube group 282 has a structure in which a plurality
of heat transfer tubes 285 are branched and connected
via a header pipe 283 and a flow diverter 284 provided
to the refrigerant exit and entrance, as shown in FIG. 2.
The plurality of heat transfer tubes 285 all have shapes
that vertically turn back, and the ends of the plurality of
heat transfer tubes 285 are connected to the header tube
283 and the flow diverter 284, thereby constituting the
heat transfer tube group 282. The gas side of the heat
storage heat exchanger 28 (i.e. one end of the heat trans-
fer tube group 282) is connected to the first switching
mechanism 22, and the liquid side of the heat storage
heat exchanger 28 (i.e. the other end of the heat transfer
tube group 282) is connected via the heat storage ex-
pansion valve 29 to the portion of the refrigerant circuit
10 (the outdoor-side refrigerant circuit 10c herein) that is
between the outdoor expansion valve 24 and the liquid
refrigerant communication pipe 6. FIG. 2 herein is a sche-
matic overview of the heat storage heat exchanger 28.
[0057] The heat storage expansion valve 29 is a valve
for depressurizing the refrigerant flowing through the heat
storage heat exchanger 28 within the outdoor-side refrig-
erant circuit 10c and varying the flow rate of the refriger-
ant flowing through the heat storage heat exchanger 28.
The heat storage expansion valve 29 is an electric ex-
pansion valve connected to the liquid side of the heat
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storage heat exchanger 28.
[0058] Various sensors are provided to the outdoor unit
2. The outdoor unit 2 is provided with an intake pressure
sensor 31 for detecting the intake pressure Ps of the com-
pressor 21, a discharge pressure sensor 32 for detecting
the discharge pressure Pd of the compressor 21, an in-
take temperature sensor 33 for detecting the intake tem-
perature Ts of the compressor 21, and a discharge tem-
perature sensor 34 for detecting the discharge temper-
ature Td of the compressor 21. The outdoor heat ex-
changer 23 is provided with an outdoor heat exchange
temperature sensor 35 for detecting the temperature Toll
of refrigerant in a gas-liquid two-phase state. The liquid
side of the outdoor heat exchanger 23 is provided with a
liquid-side temperature sensor 36 for detecting the tem-
perature Tol2 of refrigerant in a liquid state or a gas-liquid
two-phase state. The outdoor air intake port side of the
outdoor unit 2 is provided with an outdoor temperature
sensor 37 for detecting the temperature of outdoor air
(i.e. the outdoor temperature Ta) in the external space
where the outdoor unit 2 (i.e. the outdoor heat exchanger
23 and/or the heat storage heat exchanger 28) is located.
The outdoor unit 2 also has an outdoor-side control part
38 for controlling the actions of the components consti-
tuting the outdoor unit 2. The outdoor-side control part
38, which has components such as a microcomputer
and/or a memory provided in order to perform controls
for the outdoor unit 2 and/or an inverter device for con-
trolling the compressor motor 20, is designed to be ca-
pable of exchanging control signals and the like with the
indoor-side control parts 48a, 48b of the indoor units 4a,
4b.

<Refrigerant Communication Pipes>

[0059] The refrigerant communication pipes 6, 7 are
refrigerant pipes constructed on site when the air condi-
tioning apparatus 1 is installed; these pipes have various
lengths and diameters, depending on the conditions in
which the outdoor unit 2 and the indoor units 4a, 4b are
installed.

<Control Part>

[0060] The remote controllers 49a, 49b for individually
operating the indoor units 4a, 4b, the indoor-side control
parts 48a, 48b of the indoor units 4a, 4b, and the outdoor-
side control part 38 of the outdoor unit 2 constitute a
control part 8 for performing operation controls for the
entire air conditioning apparatus 1, as shown in FIG. 1.
The control part 8 is connected so as to be capable of
receiving detection signals from various sensors such as
31 to 37, 45a, 45b, 46a, 46b, 47a, and 47b, as shown in
FIG. 3. The control part 8 is configured so as to be capable
of performing air conditioning operations (an air-cooling
operation and an air-warming operation) by controlling
various devices and valves 20, 22, 24, 26, 41a, 41b, 44a,
and 44b on the basis of these detection signals and the

like. FIG. 3 is a control block diagram of the air condition-
ing apparatus 1.
[0061] As described above, the air conditioning appa-
ratus 1 has the refrigerant circuit 10 configured by con-
necting a plurality (two in this case) of indoor units 4a,
4b to the outdoor unit 2. In the air conditioning apparatus
1, operation controls such as the following are performed
by the control part 8.

(2) Basic Action of the Air Conditioning Apparatus

[0062] Next, FIGS. 4 to 7 are used to describe the basic
actions of the air-cooling operation, the air-warming op-
eration, the heat storage operation, and a defrosting op-
eration of the air conditioning apparatus 1. FIG. 4 is a
drawing showing the flow of refrigerant through the re-
frigerant circuit in the air-cooling operation. FIG. 5 is a
drawing showing the flow of refrigerant through the re-
frigerant circuit in the air-warming operation. FIG. 6 is a
drawing showing the flow of refrigerant through the re-
frigerant circuit in the heat storage operation (the heat
storage operation during the air-warming operation).
FIG. 7 is a drawing showing the flow of refrigerant through
the refrigerant circuit in the defrosting operation (the de-
frosting operation accompanying the heat-storage-utiliz-
ing operation).

<Air-Cooling Operation>

[0063] When an air-cooling operation command is is-
sued from the remote controllers 49a, 49b, the first
switching mechanism 22 is switched to the outdoor heat-
radiating switched state (the state shown by the solid
lines of the first switching mechanism 22 in FIG. 4), the
second switching mechanism 27 is switched to the indoor
evaporating switched state (the state shown by the solid
lines of the second switching mechanism 27 in FIG. 4),
the heat storage expansion valve 29 is closed (i.e. the
heat storage heat exchanger 28 is not used), and the
compressor 21, the outdoor fan 25, and the indoor fans
43a, 43b start up.
[0064] The low-pressure gas refrigerant in the refrig-
erant circuit 10 is then drawn into the compressor 21 and
compressed to high-pressure gas refrigerant. This high-
pressure gas refrigerant is sent through the first switching
mechanism 22 to the outdoor heat exchanger 23. The
high-pressure gas refrigerant sent to the outdoor heat
exchanger 23 is condensed to high-pressure liquid re-
frigerant by being cooled by heat exchange with outdoor
air supplied by the outdoor fan 25 in the outdoor heat
exchanger 23 functioning as a heat radiator of the refrig-
erant. This high-pressure liquid refrigerant is sent through
the outdoor expansion valve 24 and the liquid refrigerant
communication pipe 6, from the outdoor unit 2 to the in-
door units 4a, 4b.
[0065] The high-pressure liquid refrigerant sent to the
indoor units 4a, 4b is depressurized by the indoor expan-
sion valves 41a, 41b to low-pressure gas-liquid two-
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phase refrigerant. This low-pressure gas-liquid two-
phase refrigerant is sent to the indoor heat exchangers
42a, 42b. The low-pressure gas-liquid two-phase refrig-
erant sent to the indoor heat exchangers 42a, 42b is
evaporated to low-pressure gas refrigerant by being
heated by heat exchange with indoor air supplied by the
indoor fans 43a, 43b in the indoor heat exchangers 42a,
42b functioning as evaporators of the refrigerant. This
low-pressure gas refrigerant is sent through the gas re-
frigerant communication pipe 7, from the indoor units 4a,
4b to the outdoor unit 2.
[0066] The low-pressure gas refrigerant sent to the out-
door unit 2 is drawn through the second switching mech-
anism 27 back into the compressor 21.

<Air-Warming Operation>

[0067] When an air-warming operation command is is-
sued from the remote controllers 49a, 49b, the first
switching mechanism 22 is switched to the outdoor evap-
orating switched state (the state shown by the dashed
lines of the first switching mechanism 22 in FIG. 5), the
second switching mechanism 27 is switched to the indoor
heat-radiating switched state (the state shown by the
dashed lines of the second switching mechanism 27 in
FIG. 5), the heat storage expansion valve 29 is closed
(i.e. the heat storage heat exchanger 28 is not used), and
the compressor 21, the outdoor fan 25, and the indoor
fans 43a, 43b start up.
[0068] The low-pressure gas refrigerant in the refrig-
erant circuit 10 is then drawn into the compressor 21 and
compressed to high-pressure gas refrigerant. This high-
pressure gas refrigerant is sent through the second
switching mechanism 27 and the gas refrigerant commu-
nication pipe 7, from the outdoor unit 2 to the indoor units
4a, 4b.
[0069] The high-pressure gas refrigerant sent to the
indoor units 4a, 4b is sent to the indoor heat exchangers
42a, 42b. The high-pressure gas refrigerant sent to the
indoor heat exchangers 42a, 42b is condensed to high-
pressure liquid refrigerant by being cooled by heat ex-
change with indoor air supplied by the indoor fans 43a,
43b in the indoor heat exchangers 42a, 42b functioning
as heat radiators of the refrigerant. This high-pressure
liquid refrigerant is depressurized by the indoor expan-
sion valves 41a, 41b. The refrigerant depressurized by
the indoor expansion valves 41a, 41b is sent through the
gas refrigerant communication pipe 7, from the indoor
units 4a, 4b to the outdoor unit 2.
[0070] The refrigerant sent to the outdoor unit 2 is sent
to the outdoor expansion valve 24 and is depressurized
by the outdoor expansion valve 24 to low-pressure gas-
liquid two-phase refrigerant. This low-pressure gas-liquid
two-phase refrigerant is sent to the outdoor heat ex-
changer 23. The low-pressure gas-liquid two-phase re-
frigerant sent to the outdoor heat exchanger 23 is evap-
orated to low-pressure gas refrigerant by being heated
by heat exchange with outdoor air supplied by the outdoor

fan 25 in the outdoor heat exchanger 23 functioning as
an evaporator of the refrigerant. This low-pressure gas
refrigerant is drawn through the first switching mecha-
nism 22 back into the compressor 21.

<Heat Storage Operation (heat storage operation during 
air-warming operation)>

[0071] During the air-warming operation, the heat stor-
age operation is performed, in which heat is stored in the
heat storage medium by causing the heat storage heat
exchanger 28 to function as a heat radiator of the refrig-
erant. Specifically, during the air-warming operation in
which the outdoor heat exchanger 23 is made to function
as an evaporator of the refrigerant and the indoor heat
exchangers 42a, 42b are made to function as heat radi-
ators of the refrigerant, the heat storage operation (the
heat storage operation during the air-warming operation)
is performed wherein heat is stored in the heat storage
medium by causing the heat storage heat exchanger 28
to function as a heat radiator of the refrigerant. The heat
storage operation during the air-warming operation is
performed by opening the heat storage expansion valve
29 when the switching mechanisms 22, 27 have been
switched to the same switched state as the air-warming
operation (see FIG. 6).
[0072] The low-pressure gas refrigerant in the refrig-
erant circuit 10 is then drawn into the compressor 21 and
compressed to high-pressure gas refrigerant. Some of
this high-pressure gas refrigerant is sent through the sec-
ond switching mechanism 27 and the gas refrigerant
communication pipe 7, from the outdoor unit 2 to the in-
door units 4a, 4b, similar to the air-warming operation.
This high-pressure gas refrigerant sent to the indoor units
4a, 4b is condensed to high-pressure liquid refrigerant
by being cooled by heat exchange with indoor air supplied
by the indoor fans 43a, 43b in the indoor heat exchangers
42a, 42b functioning as heat radiators of the refrigerant.
This high-pressure liquid refrigerant is depressurized by
the indoor expansion valves 41a, 41b. The refrigerant
depressurized by the indoor expansion valves 41a, 41b
is sent through the gas refrigerant communication pipe
7, from the indoor units 4a, 4b to the outdoor unit 2.
[0073] The rest of the high-pressure gas refrigerant
discharged from the compressor 21 is sent through the
first switching mechanism 22 to the heat storage heat
exchanger 28. The high-pressure gas refrigerant sent to
the heat storage heat exchanger 28 is condensed to high-
pressure liquid refrigerant by being cooled by heat ex-
change with the heat storage medium in the heat storage
heat exchanger 28 functioning as a heat radiator of the
refrigerant. This high-pressure liquid refrigerant is de-
pressurized by the heat storage expansion valve 29. The
heat storage medium of the heat storage heat exchanger
28 herein changes phases (melts) and stores heat due
to being heated by heat exchange with the refrigerant.
[0074] The refrigerant depressurized by the heat stor-
age expansion valve 29 converges with the refrigerant
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sent from the indoor units 4a, 4b to the outdoor unit 2,
and the converged refrigerant is sent to the outdoor ex-
pansion valve 24 and depressurized by the outdoor ex-
pansion valve 24 to low-pressure gas-liquid two-phase
refrigerant. This low-pressure gas-liquid two-phase re-
frigerant is sent to the outdoor heat exchanger 23. The
low-pressure gas-liquid two-phase refrigerant sent to the
outdoor heat exchanger 23 is evaporated to low-pressure
gas refrigerant by being heated by heat exchange with
outdoor air supplied by the outdoor fan 25 in the outdoor
heat exchanger 23 functioning as an evaporator of the
refrigerant. This low-pressure gas refrigerant is drawn
through the first switching mechanism 22 back into the
compressor 21. Thus, in the heat storage operation dur-
ing the air-warming operation, the heat storage heat ex-
changer 28 is designed to function as a heat radiator of
the refrigerant in parallel with the indoor heat exchangers
42a, 42b. Specifically, the refrigerant circuit 10 is config-
ured to be capable of sending high-pressure gas refrig-
erant discharged from the compressor 21 in parallel to
the indoor heat exchangers 42a, 42b and the heat stor-
age heat exchanger 28 in the heat storage operation dur-
ing the air-warming operation.

<Defrosting Operation (defrosting operation accompa-
nying heat-storage-utilizing operation)>

[0075] During the air-warming operation, the defrost-
ing operation is performed for defrosting the outdoor heat
exchanger by causing the outdoor heat exchanger 23 to
function as a heat radiator of the refrigerant. During the
defrosting operation, the heat-storage-utilizing operation
is performed for radiating heat from the heat storage me-
dium by causing the heat storage heat exchanger 28 to
function as an evaporator of the refrigerant. Specifically,
the heat-storage-utilizing operation (the heat-storage-
utilizing operation during the defrosting operation, and
the defrosting operation accompanying the heat-storage-
utilizing operation) is performed wherein the outdoor heat
exchanger 23 is made to function as a heat radiator of
the refrigerant and the heat storage heat exchanger 28
is made to function as an evaporator of the refrigerant.
Moreover, the air-warming operation is also performed
simultaneously herein by causing the indoor heat ex-
changers 42a, 42b to function as heat radiators of the
refrigerant. Specifically, the heat-storage-utilizing oper-
ation and the air-warming operation are performed simul-
taneously during the defrosting operation (or the air-
warming operation is performed simultaneously during
the defrosting operation accompanying the heat-storage-
utilizing operation). This heat-storage-utilizing operation
during the defrosting operation (or the defrosting opera-
tion accompanying the heat-storage-utilizing operation)
is performed by opening the heat storage expansion
valve 29 when the first switching mechanism 22 has been
switched to the outdoor heat-radiating switched state and
the second switching mechanism 27 has been switched
to the indoor heat-radiating switched state (see FIG. 7).

During the defrosting operation, the outdoor fan 25 is
stopped.
[0076] The low-pressure gas refrigerant in the refrig-
erant circuit 10 is then drawn into the compressor 21 and
compressed to high-pressure gas refrigerant. Some of
this high-pressure gas refrigerant is sent through the sec-
ond switching mechanism 27 and the gas refrigerant
communication pipe 7, from the outdoor unit 2 to the in-
door units 4a, 4b, similar to the air-warming operation.
The high-pressure gas refrigerant sent to the indoor units
4a, 4b is condensed to high-pressure liquid refrigerant
by being cooled by heat exchange with indoor air supplied
by the indoor fans 43a, 43b in the indoor heat exchangers
42a, 42b functioning as heat radiators of the refrigerant.
This high-pressure liquid refrigerant is depressurized by
the indoor expansion valves 41a, 41b. The refrigerant
depressurized by the indoor expansion valves 41a, 41b
is sent through the gas refrigerant communication pipe
7, from the indoor units 4a, 4b to the outdoor unit 2.
[0077] The rest of the high-pressure gas refrigerant
discharged from the compressor 21 is sent through the
first switching mechanism 22 to the outdoor heat ex-
changer 23. The high-pressure gas refrigerant sent to
the outdoor heat exchanger 23 is cooled by heat ex-
change with the frost and/or ice adhering to the outdoor
heat exchanger 23, in the outdoor heat exchanger 23
functioning as a heat radiator of the refrigerant. This high-
pressure refrigerant is depressurized by the outdoor ex-
pansion valve 24. The frost and/or ice adhering to the
outdoor heat exchanger 23 herein is melted by being
heated by heat exchange with the refrigerant, and the
outdoor heat exchanger 23 is defrosted.
[0078] The high-pressure refrigerant depressurized by
the outdoor expansion valve 24 converges with the re-
frigerant sent from the indoor units 4a, 4b to the outdoor
unit 2, and this converged refrigerant is sent to the heat
storage expansion valve 29 and depressurized by the
heat storage expansion valve 29 to low-pressure gas-
liquid two-phase refrigerant. This low-pressure gas-liquid
two-phase refrigerant is sent to the heat storage heat
exchanger 28. The low-pressure gas-liquid two-phase
refrigerant sent to the heat storage heat exchanger 28 is
evaporated to low-pressure gas refrigerant by being
heated by heat exchange with the heat storage medium
in the heat storage heat exchanger 28 functioning as an
evaporator of the refrigerant. This low-pressure gas re-
frigerant is drawn through the first switching mechanism
22 back into the compressor 21. The heat storage me-
dium of the heat storage heat exchanger 28 herein
changes phases (congeals) due to being cooled by heat
exchange with the refrigerant, and the heat storage me-
dium is utilized for heat storage. Thus, when the air-
warming operation is performed simultaneously during
the defrosting operation accompanying the heat-storage-
utilizing operation (or the heat-storage-utilizing operation
during the defrosting operation), the indoor heat ex-
changers 42a, 42b are designed to function as heat ra-
diators of the refrigerant in parallel with the outdoor heat
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exchanger 23. Specifically, the refrigerant circuit 10 is
configured so as to be capable of sending the high-pres-
sure gas refrigerant discharged from the compressor 21
in parallel to the outdoor heat exchanger 23 and the in-
door heat exchangers 42a, 42b, when the air-warming
operation is performed simultaneously during the de-
frosting operation accompanying the heat-storage-utiliz-
ing operation (or the heat-storage-utilizing operation dur-
ing the defrosting operation).

<Controls of Air-Cooling Operation, Air-Warming Oper-
ation, and Heat Storage Operation>

-Air-Cooling Operation-

[0079] In the air-cooling operation described above,
the control part 8 determines and controls the opening
degrees of the indoor expansion valves 41a, 41b so that
the degrees of superheating SHra, SHrb of the refrigerant
in the outlets of the indoor heat exchangers 42a, 42b
reach target degrees of superheating SHras, SHrbs (this
control is referred to below as "degree of superheating
control by the indoor expansion valves"). The degrees of
superheating SHra, SHrb herein are calculated from the
intake pressure Ps detected by the intake pressure sen-
sor 31, and the temperatures Trga, Trgb of refrigerant on
the gas sides of the indoor heat exchangers 42a, 42b
detected by the gas-side temperature sensors 46a, 46b.
More specifically, first, the intake pressure Ps is convert-
ed to the refrigerant saturation temperature to obtain the
evaporation temperature Te which is a state quantity
equivalent to the evaporation pressure Pe in the refrig-
erant circuit 10 (i.e., the evaporation pressure Pe and the
evaporation temperature Te are different terms but refer
essentially to the same state quantity). The term "evap-
oration pressure Pe" means a pressure representing the
low-pressure refrigerant flowing from the outlets of the
indoor expansion valves 41a, 41b, through the indoor
heat exchangers 42a, 42b, to the intake side of the com-
pressor 21 during the air-cooling operation. The degrees
of superheating SHra, SHrb are then obtained by sub-
tracting the evaporation temperature Te from the tem-
peratures Trga, Trgb of refrigerant on the gas sides of
the indoor heat exchangers 42a, 42b.
[0080] In the air-cooling operation, the controls of the
different devices of the indoor units 4a, 4b, including the
indoor expansion valves 41a, 41b, are performed by the
indoor-side control parts 48a, 48b of the control part 8.
The controls of the different devices of the outdoor unit
2, including the outdoor expansion valve 24, are per-
formed by the outdoor-side control part 38 of the control
part 8.

-Air-Warming Operation-

[0081] In the air-warming operation described above,
the control part 8 determines and controls the opening
degrees of the indoor expansion valves 41a, 41b so that

the degrees of subcooling SCra, SCrb of the refrigerant
in the outlets of the indoor heat exchangers 42a, 42b
reach target degrees of subcooling SCras, SCrbs (this
control is referred to below as "degree of subcooling con-
trol by the indoor expansion valves"). The degrees of
subcooling SCra, SCrb herein are calculated from the
discharge pressure Pd detected by the discharge pres-
sure sensor 32, and the temperatures Trla, Trlb of refrig-
erant on the liquid sides of the indoor heat exchangers
42a, 42b detected by the liquid-side temperature sensors
45a, 45b. More specifically, first, the discharge pressure
Pd is converted to the refrigerant saturation temperature
to obtain the condensation temperature Tc which is a
state quantity equivalent to the condensation pressure
Pc in the refrigerant circuit 10 (i.e., the condensation pres-
sure Pc and the condensation temperature Tc are differ-
ent terms but mean essentially the same state quantity).
The term "condensation pressure Pc" means a pressure
representing the high-pressure refrigerant flowing from
the discharge side of the compressor 21, through the
indoor heat exchangers 42a, 42b, to the indoor expan-
sion valves 41a, 41b during the air-warming operation.
The degrees of subcooling SCra, SCrb are then obtained
by subtracting the temperatures Trla, Trlb of refrigerant
in the liquid sides of the indoor heat exchangers 42a, 42b
from the condensation temperature Tc.
[0082] In the air-warming operation, the controls of the
different devices of the indoor units 4a, 4b, including the
indoor expansion valves 41a, 41b, are performed by the
indoor-side control parts 48a, 48b of the control part 8.
The controls of the different devices of the outdoor unit
2, including the outdoor expansion valve 24, are per-
formed by the outdoor-side control part 38 of the control
part 8.

-Heat Storage Operation-

[0083] In the heat storage operation described above,
the control part 8 ends the heat storage operation and
transitions to the air-warming operation when heat stor-
age in the heat storage medium of the heat storage heat
exchanger 28 has ended. When a predetermined interval
time Δtbet has elapsed after the start of the heat storage
operation, a transition is made to the defrosting opera-
tion. Specifically, the interval time Δtbet means the inter-
val time between the defrosting operations. Basically,
during the interval time Δtbet, the heat storage operation
during the air-warming operation and the air-warming op-
eration following the end of the heat storage operation
are performed, and the defrosting operation is performed
with each elapse of the interval time Δtbet.
[0084] As described above, the air conditioning appa-
ratus 1 is designed so that operation can switch between
air-cooling and air-warming. Heat can be stored in the
heat storage medium while the air-warming operation is
continued by performing the heat storage operation dur-
ing the air-warming operation, and the heat storage of
the heat storage medium can be utilized to perform the
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defrosting operation by performing the heat-storage-uti-
lizing operation during the defrosting operation.

(3) Control During Defrosting Operation

[0085] During the defrosting operation accompanying
the heat-storage-utilizing operation described above, the
required defrosting capability of the outdoor heat ex-
changer 23 differs depending on the climate conditions
(outdoor temperature, humidity, rate of snowfall) and oth-
er factors in the region where the air conditioning appa-
ratus 1 is installed. One solution being considered for
dealing with the differences in defrosting capability de-
pending on the local climate conditions and other factors
is to decide the specifications of the heat storage heat
exchanger including the heat storage medium capacity
and the like, assuming that the climate conditions and
other factors are those required by most defrosting ca-
pabilities during the defrosting operation accompanying
the heat-storage-utilizing operation, such as in cold re-
gions. However, when the specifications of the heat stor-
age heat exchanger 28 are decided in this manner, a
large-capacity heat storage medium is required, and the
size, weight, and/or cost of the heat storage heat ex-
changer 28 are greatly affected. When the air condition-
ing apparatus 1 is installed in a cold region, the specifi-
cations of the air conditioning apparatus 1 including the
heat storage heat exchanger 28 are appropriate, but
when the air conditioning apparatus 1 is installed in a
warm region, the specifications of the air conditioning
apparatus 1 including the heat storage heat exchanger
28 are excessive. Of course, if there are a wide variety
of air conditioning apparatuses 1 available with a plurality
of specifications including the heat storage heat ex-
changer 28 for different regions, the air conditioning ap-
paratus can be adapted for a wide range of regions, but
increasing the variety of available apparatuses has great
disadvantages such as decreased productivity and in-
creased cost.
[0086] When the air-warming operation is performed
simultaneously during the defrosting operation accom-
panying the heat-storage-utilizing operation, some of the
defrosting capability of the outdoor heat exchanger 23 is
used as the air-warming capabilities of the indoor heat
exchangers 42a, 42b. At this time, there is a risk that the
defrosting capability of the outdoor heat exchanger 23
will be insufficient when the air-warming capabilities of
the indoor heat exchangers 42a, 42b are maintained, re-
gardless of the need to increase the defrosting capability
of the outdoor heat exchanger 23.
[0087] In view of this, in the defrosting operation ac-
companying the heat-storage-utilizing operation, the de-
frosting capability of the outdoor heat exchanger 23 is
altered based on the outdoor temperature Ta of the ex-
ternal space where the outdoor heat exchanger 23 is
located, and/or the outdoor heat exchange outlet tem-
perature Tol2 which is the temperature of refrigerant in
the outlet of the outdoor heat exchanger 23 at the end of

the previous defrosting operation. Particularly, when an
alteration for increasing the defrosting capability of the
outdoor heat exchanger 23 is required in the defrosting
operation accompanying the heat-storage-utilizing oper-
ation, the air-warming capabilities of the indoor heat ex-
changers 42a, 42b are reduced while the air-warming
operation is performed.
[0088] Specifically, the defrosting capability of the out-
door heat exchanger 23 is altered according to the table
of defrosting operation patterns for altering the defrosting
capability of the outdoor heat exchanger 23 shown in
FIG. 8, and steps ST1 to ST3 shown in the flowchart of
defrosting operation patterns for altering the defrosting
capability of the outdoor heat exchanger 23 in FIG. 9.
[0089] When the defrosting operation accompanying
the heat-storage-utilizing operation is started, a determi-
nation is first made as to whether or not a pattern 1 tran-
sition condition is satisfied. In the case where the previ-
ous defrosting operation was a pattern 2 (described here-
inafter) defrosting operation, a determination is made as
to whether or not a pattern 1 resume condition is satisfied.
When the pattern 1 transition condition is satisfied or
when the pattern 1 resume condition is satisfied, a pattern
1 defrosting operation of step ST1 is performed. The pat-
tern 1 transition condition is a condition for determining
whether or not the pattern 1 defrosting operation can be
performed, based on the outdoor temperature Ta repre-
senting the situation at the start of the defrosting opera-
tion. When the outdoor temperature Ta herein is higher
than a threshold temperature obtained based on a pre-
determined first outdoor temperature Tadef1 (e.g., a val-
ue resulting from adding a predetermined temperature
ΔTadef to the first outdoor temperature Tadef1), it is con-
cluded that there is no risk of the defrosting of the outdoor
heat exchanger 23 being insufficient even if the defrost-
ing operation is performed while the air-warming capa-
bilities of the indoor heat exchangers 42a, 42b are being
ensured, and that the pattern 1 transition condition is sat-
isfied. The pattern 1 resume condition is a condition for
determining whether or not the pattern 1 defrosting op-
eration can be resumed after a pattern 2 defrosting op-
eration, on the basis of the outdoor temperature Ta rep-
resenting the situation at the start of the defrosting oper-
ation, and the outdoor heat exchange outlet temperature
Tol2 representing the situation at the end of the previous
defrosting operation. When any of the outdoor heat ex-
change outlet temperatures Tol2 at the end of the three
previous defrosting operations is equal to or greater than
a predetermined first defrosting operation determination
temperature Tdef1 (the same as a defrosting operation
ending temperature Tdefe indicating the end of the de-
frosting operation herein) and the outdoor temperature
Ta is higher than a predetermined second outdoor tem-
perature Tadef2 (a temperature lower than the first out-
door temperature Tadef1 herein), it is concluded that
there is no risk of the defrosting of the outdoor heat ex-
changer 23 being insufficient even if the defrosting op-
eration is performed while the air-warming capabilities of
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the indoor heat exchangers 42a, 42b are being ensured,
and that the pattern 1 resume condition is satisfied. The
pattern 1 defrosting operation is an operation for defrost-
ing the outdoor heat exchanger 23 while ensuring the air-
warming capabilities of the indoor heat exchangers 42a,
42b, and is performed herein by supplying high-pressure
gas refrigerant to the indoor heat exchangers 42a, 42b
functioning as heat radiators of the refrigerant with the
indoor expansion valves 41a, 41b opened to a predeter-
mined opening degree, and operating the indoor fans
43a, 43b at a minimum rotational speed, as shown in
FIG. 8. In the pattern 1 defrosting operation described
above, the outdoor-side control part 38 is designed to
decide not only the control specifics of the devices con-
stituting the outdoor unit 2 (the compressor 21, the
switching mechanisms 22, 27, the outdoor expansion
valve 24, the outdoor fan 25, and/or the heat storage
expansion valve 29), but also the control specifics of the
devices constituting the indoor units 4a, 4b (the indoor
expansion valves 41a, 41b and/or the indoor fans 43a,
43b).
[0090] However, when the previous defrosting opera-
tion was the pattern 1 defrosting operation, there is a risk
of the defrosting of the outdoor heat exchanger 23 being
insufficient when the defrosting operation is performed
while the air-warming capabilities of the indoor heat ex-
changers 42a, 42b are being ensured. In view of this,
when the previous defrosting operation was the pattern
1 defrosting operation, a determination is made as to
whether or not a pattern 2 transition condition is satisfied.
When the pattern 2 transition condition is satisfied, the
pattern 2 defrosting operation of step ST2 is performed.
The pattern 2 transition condition is a condition for deter-
mining whether or not a transition should be made from
the pattern 1 defrosting operation to the pattern 2 defrost-
ing operation, on the basis of the outdoor temperature
Ta representing the situation at the start of the defrosting
operation, and the outdoor heat exchange outlet temper-
ature Tol2 representing the situation at the end of the
previous defrosting operation. When the outdoor heat
exchange outlet temperature Tol2 at the end of the pre-
vious defrosting operation herein is lower than the pre-
determined first defrosting operation determination tem-
perature Tdef1 (the same as the defrosting operation
ending temperature Tdefe indicating the end of the de-
frosting operation herein), and either the outdoor tem-
perature Ta is equal to or less than a predetermined first
outdoor temperature Tadef1 or the outdoor temperature
Ta is equal to or less than the predetermined second
outdoor temperature Tadef2, it is concluded that there is
a risk of the defrosting of the outdoor heat exchanger 23
being insufficient when the defrosting operation is per-
formed while the air-warming capabilities of the indoor
heat exchangers 42a, 42b are being ensured, and that
the pattern 2 transition condition is satisfied. The pattern
2 defrosting operation is performed by defrosting the out-
door heat exchanger 23 while reducing the air-warming
capabilities of the indoor heat exchangers 42a, 42b, sup-

plying high-pressure gas refrigerant to the indoor heat
exchangers 42a, 42b functioning as heat radiators of the
refrigerant with reduced opening degrees in the indoor
expansion valves 41a, 41b (e.g., opening degrees 15%
or less of fully open), and operating the indoor fans 43a,
43b at a minimum rotational speed, as shown in FIG. 8.
In the pattern 2 defrosting operation described above,
the outdoor-side control part 38 is designed to decide not
only the control specifics of the devices constituting the
outdoor unit 2 (the compressor 21, the switching mech-
anisms 22, 27, the outdoor expansion valve 24, the out-
door fan 25, and/or the heat storage expansion valve 29),
but also the control specifics of the devices constituting
the indoor units 4a, 4b (the indoor expansion valves 41a,
41b and/or the indoor fans 43a, 43b).
[0091] However, when the previous defrosting opera-
tion was the pattern 2 defrosting operation, merely re-
ducing the air-warming capabilities of the indoor heat ex-
changers 42a, 42b by reducing the opening degrees of
the indoor expansion valves 41a, 41b is sometimes not
enough to resolve insufficient defrosting of the outdoor
heat exchanger 23. In view of this, when the previous
defrosting operation was the pattern 2 defrosting opera-
tion, a determination is made as to whether or not a pat-
tern 3 transition condition is satisfied. When the pattern
3 transition condition is satisfied, a pattern 3 defrosting
operation of step ST3 is performed. The pattern 3 tran-
sition condition is a condition for determining whether or
not a transition can be made from the pattern 2 defrosting
operation to the pattern 3 defrosting operation, on the
basis of the outdoor heat exchange outlet temperature
Tol2 representing the situation at the end of the previous
defrosting operation. When the outdoor heat exchange
outlet temperature Tol2 at the end of the previous de-
frosting operation herein is lower than a predetermined
second defrosting operation determination temperature
Tdef2 (the same as the defrosting operation ending tem-
perature Tdefe indicating the end of the defrosting oper-
ation herein), it is concluded that there is a risk of the
defrosting of the outdoor heat exchanger 23 being insuf-
ficient when the defrosting operation is performed merely
by reducing the air-warming capabilities of the indoor
heat exchangers 42a, 42b, and that the pattern 3 transi-
tion condition is satisfied. The pattern 3 defrosting oper-
ation ceases the supply of air-warming capability to the
indoor heat exchangers 42a, 42b and defrosts the out-
door heat exchanger 23 as shown in FIG. 8, and this
operation herein is performed by fully closing the indoor
expansion valves 41a, 41b and stopping the indoor fans
43a, 43b.
[0092] When the previous defrosting operation was the
pattern 3 defrosting operation, insufficient defrosting of
the outdoor heat exchanger 23 is sometimes resolved
by ceasing the supply of air-warming capability to the
indoor heat exchangers 42a, 42b and defrosting the out-
door heat exchanger 23. In view of this, when the previ-
ous defrosting operation was the pattern 3 defrosting op-
eration, a determination is made as to whether or not a
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pattern 2 resume condition is satisfied. When the pattern
2 resume condition is satisfied, the pattern 2 defrosting
operation of step ST 2 is performed. The pattern 2 resume
condition is a condition for determining whether or not
the pattern 2 defrosting operation can be resumed from
the pattern 3 defrosting operation, on the basis of the
outdoor heat exchange outlet temperature Tol2 repre-
senting the situation at the end of the previous defrosting
operation. When any of the outdoor heat exchange outlet
temperatures Tol2 at the end of the three previous de-
frosting operations is equal to or greater than the prede-
termined second defrosting operation determination tem-
perature Tdef2 (the same as the defrosting operation
ending temperature Tdefe indicating the end of the de-
frosting operation herein), it is concluded that there is no
risk of the defrosting of the outdoor heat exchanger 23
being insufficient even if the outdoor heat exchanger 23
is defrosted while air-warming capability is supplied to
the indoor heat exchangers 42a, 42b, and that the pattern
2 resume condition is satisfied. In the pattern 3 defrosting
operation described above, the outdoor-side control part
38 is designed to decide not only the control specifics of
the devices constituting the outdoor unit 2 (the compres-
sor 21, the switching mechanisms 22, 27, the outdoor
expansion valve 24, the outdoor fan 25, and/or the heat
storage expansion valve 29), but also the control specif-
ics of the devices constituting the indoor units 4a, 4b (the
indoor expansion valves 41a, 41b and/or the indoor fans
43a, 43b).
[0093] Thus, in the defrosting operation accompanying
the heat-storage-utilizing operation, the required defrost-
ing capability of the outdoor heat exchanger 23, which
changes depending on the climate conditions and other
factors in the region where the air conditioning apparatus
1 is installed, is altered based on the outdoor temperature
Ta and/or the outdoor heat exchange outlet temperature
Tol2 at the end of the previous defrosting operation.
Therefore, in the defrosting operation accompanying the
heat-storage-utilizing operation, the defrosting capability
of the outdoor heat exchanger 23 can be set to a capa-
bility appropriate for the climate conditions and other fac-
tors in the region where the air conditioning apparatus 1
is installed. The air conditioning apparatus can thereby
be adapted for a wide range of regions, by means of the
heat storage heat exchanger 28 having a heat storage
medium of a specific capacity. It is also possible to ensure
the defrosting capability of the outdoor heat exchanger
23 while continuing the air-warming operation to the full-
est extent possible in the defrosting operation accompa-
nying the heat-storage-utilizing operation herein.
[0094] In the defrosting operation accompanying the
heat-storage-utilizing operation described above (the de-
frosting operation of patterns 1 to 3), the outdoor-side
control part 38 is designed to decide not only the control
specifics of the devices constituting the outdoor unit 2
(the compressor 21, the switching mechanisms 22, 27,
the outdoor expansion valve 24, the outdoor fan 25,
and/or the heat storage expansion valve 29), but also the

control specifics of the devices constituting the indoor
units 4a, 4b (the indoor expansion valves 41a, 41b and/or
the indoor fans 43a, 43b), and this point differs between
cases of performing only the air-cooling operation and/or
cases of performing only the air-warming operation.
Therefore, the outdoor-side control part 38 is capable of
performing the controls of all the devices of the entire air
conditioning apparatus 1 in the defrosting operation ac-
companying the heat-storage-utilizing operation, and the
controls of the devices are performed appropriately.

(4) Modification 1

[0095] In the defrosting operation accompanying the
heat-storage-utilizing operation of the above embodi-
ment, when the outdoor temperature Ta is low and/or
when the outdoor heat exchange outlet temperature Tol2
at the end of the previous defrosting operation is low, it
is preferable that the defrosting operation be performed
frequently to ensure the defrosting operation is per-
formed satisfactorily.
[0096] In view of this, the interval time Δtbet between
the defrosting operations is altered based on the outdoor
temperature Ta and/or the outdoor heat exchange outlet
temperature Tol2 at the end of the previous defrosting
operation, as shown in FIG. 10. For example, when the
outdoor temperature Ta is low and/or when the outdoor
heat exchange outlet temperature Tol2 at the end of the
previous defrosting operation is low (when the pattern 2
defrosting operation is performed), an alteration is made
to lower the interval time Δtbet between the defrosting
operations.
[0097] The defrosting operation can thereby be altered
frequently as necessary, and the defrosting operation ac-
companying the heat-storage-utilizing operation can be
performed satisfactorily.

(5) Modification 2

[0098] When the air-warming operation is performed
simultaneously during the defrosting operation accom-
panying the heat-storage-utilizing operation of the above
embodiment and Modification 1, there are cases in which
the outdoor temperature Ta is too low, or the outdoor
heat exchange outlet temperature Tol2 at the end of the
previous defrosting operation is too low, for the defrosting
capability requirement of the outdoor heat exchanger 23
to be met merely by reducing the air-warming capabilities
of the indoor heat exchangers 42a, 42b (including ceas-
ing the supply of air-warming capability). Specifically,
there are cases in which it is not possible to meet the
defrosting capability requirement of the outdoor heat ex-
changer 23 merely with the defrosting operations of pat-
terns 1 to 3 of the above embodiment.
[0099] In view of this, when an alteration is required to
further increase the defrosting capability of the outdoor
heat exchanger 23 in the defrosting operation accompa-
nying the heat-storage-utilizing operation (when the de-
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frosting capability requirement of the outdoor heat ex-
changer 23 cannot be met by the pattern 3 defrosting
operation), a communication pipe heat recovery opera-
tion and/or an indoor heat exchange heat recovery op-
eration are performed without simultaneously performing
the air-warming operation.
[0100] Specifically, the defrosting capability of the out-
door heat exchanger 23 is altered according to the table
of defrosting operation patterns for altering the defrosting
capability of the outdoor heat exchanger 23 shown in
FIG. 11, and steps ST1 to ST6 shown in the flowchart of
defrosting operation patterns for altering the defrosting
capability of the outdoor heat exchanger 23 in FIG. 12.
[0101] When the defrosting operation accompanying
the heat-storage-utilizing operation is started, the de-
frosting operation is performed while the air-warming ca-
pabilities of the indoor heat exchangers 42a, 42b are re-
duced (including ceasing the supply of air-warming ca-
pability), similar to patterns 1 to 3 (steps ST1 to ST3) of
the above embodiment.
[0102] However, when the previous defrosting opera-
tion was the pattern 3 defrosting operation, sometimes
insufficient defrosting of the outdoor heat exchanger 23
is not resolved merely by ceasing the supply of air-warm-
ing capability to the indoor heat exchangers 42a, 42b by
fully closing the indoor expansion valves 41a, 41b. In
view of this, when the previous defrosting operation was
the pattern 3 defrosting operation, a determination is
made as to whether or not a pattern 4 transition condition
is satisfied. When the pattern 4 transition condition is
satisfied, a pattern 4 defrosting operation of step ST4 is
performed. The pattern 4 transition condition is a condi-
tion for determining whether or not a transition should be
made from the pattern 3 defrosting operation to the pat-
tern 4 defrosting operation, on the basis of the outdoor
heat exchange outlet temperature Tol2 representing the
situation at the end of the previous defrosting operation.
When the outdoor heat exchange outlet temperature Tol2
at the end of the previous defrosting operation herein is
lower than a predetermined third defrosting operation de-
termination temperature Tdef3 (the same as the defrost-
ing operation ending temperature Tdefe indicating the
end of the defrosting operation herein) and the setting
for performing the pattern 4 defrosting operation has
been enabled, it is concluded that there is a risk of the
defrosting of the outdoor heat exchanger 23 being insuf-
ficient merely with ceasing the supply of air-warming ca-
pability to the indoor heat exchangers 42a, 42b, and that
the pattern 4 transition condition is satisfied. The setting
of whether or not to perform the pattern 4 defrosting op-
eration (including a setting of whether or not to perform
the defrosting operation of pattern 5 or 6) herein is per-
formed by a heat recovery operation setting part 81 pro-
vided to the control part 8, as shown in FIG. 13. The heat
recovery operation setting part 81 herein is memory pro-
vided to the outdoor-side control part 38 of the control
part 8, and is designed to be able to set whether or not
to perform the defrosting operations of patterns 4 to 6,

according to communications from the external devices
for performing various control settings and the like of the
air conditioning apparatus 1. The heat recovery operation
setting part 81 is not limited to that described above, and
is preferably part that can set whether or not to perform
the defrosting operations of patterns 4 to 6 in the manner
of, e.g., a dipswitch or the like provided to the outdoor-
side control part 38. In the pattern 4 defrosting operation,
the supply of air-warming capability to the indoor heat
exchangers 42a, 42b is ceased by fully closing the indoor
expansion valves 41a, 41b as shown in FIGS. 11 and
14, and in this state, the outdoor heat exchanger 23 is
defrosted while a communication pipe heat recovery op-
eration is performed for recovering the heat contained in
the refrigerant pipe connecting the indoor heat exchang-
ers 42a, 42b and the compressor 21 (primarily the gas
refrigerant communication pipe 7). This operation is per-
formed by switching the second switching mechanism
27, which had been switched to the indoor heat-radiating
switched state in order to cause the indoor heat exchang-
ers 42a, 42b to function as heat radiators of the refriger-
ant, to the indoor evaporating switched state for making
the indoor heat exchangers 42a, 42b function as evap-
orators of the refrigerant, whereby pressure is lowered
in the refrigerant pipe connecting the indoor heat ex-
changers 42a, 42b and the compressor 21 (primarily the
gas refrigerant communication pipe 7), and the high-tem-
perature gas refrigerant retained in this refrigerant pipe
is drawn into the compressor 21 along with the low-pres-
sure refrigerant from the heat storage heat exchanger 28
(see FIG. 14). In the pattern 4 defrosting operation de-
scribed above, the outdoor-side control part 38 is de-
signed to decide not only the control specifics of the de-
vices constituting the outdoor unit 2 (the compressor 21,
the switching mechanisms 22, 27, the outdoor expansion
valve 24, the outdoor fan 25, and/or the heat storage
expansion valve 29), but also the control specifics of the
devices constituting the indoor units 4a, 4b (the indoor
expansion valves 41a, 41b and/or the indoor fans 43a,
43b).
[0103] When the previous defrosting operation was the
pattern 4 defrosting operation, insufficient defrosting of
the outdoor heat exchanger 23 is sometimes resolved
by defrosting the outdoor heat exchanger 23 while per-
forming the communication pipe heat recovery operation.
In view of this, when the previous defrosting operation
was the pattern 4 defrosting operation, a determination
is made as to whether or not a pattern 3 resume condition
is satisfied. When the pattern 3 resume condition is sat-
isfied, the pattern 3 defrosting operation of step ST3 is
performed. The pattern 3 resume condition is a condition
for determining whether or not the pattern 3 defrosting
operation can be resumed from the pattern 4 defrosting
operation, on the basis of the outdoor heat exchange
outlet temperature Tol2 representing the situation at the
end of the previous defrosting operation. When the pat-
tern 4 transition condition has ceased to be satisfied here-
in, it is concluded that there is no risk of the defrosting of
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the outdoor heat exchanger 23 being insufficient even if
the outdoor heat exchanger 23 is defrosted merely by
ceasing the supply of air-warming capability to the indoor
heat exchangers 42a, 42b, and that the pattern 3 resume
condition is satisfied.
[0104] However, when the previous defrosting opera-
tion was the pattern 4 defrosting operation, insufficient
defrosting of the outdoor heat exchanger 23 is sometimes
not resolved merely by defrosting the outdoor heat ex-
changer 23 while performing the communication pipe
heat recovery operation. In view of this, when the previ-
ous defrosting operation was the pattern 4 defrosting op-
eration, a determination is made as to whether or not the
pattern 5 and 6 transition condition is satisfied. When the
pattern 5 and 6 transition condition is satisfied, the de-
frosting operation of pattern 5 of step ST5 or of pattern
6 of ST 6 is performed. The pattern 5 and 6 transition
condition is a condition for determining whether or not a
transition should be made from the pattern 4 defrosting
operation to the pattern 5 or 6 defrosting operation, on
the basis of the outdoor heat exchange outlet tempera-
ture Tol2 representing the situation at the end of the pre-
vious defrosting operation. When the outdoor heat ex-
change outlet temperature Tol2 at the end of the previous
defrosting operation herein is lower than a predetermined
fourth defrosting operation determination temperature
Tdef4 (the same as a defrosting operation ending tem-
perature Tdefe indicating the end of the defrosting oper-
ation herein) and a setting has been implemented to per-
form the defrosting operation of pattern 5 or pattern 6, it
is concluded that there is a risk of the defrosting of the
outdoor heat exchanger 23 being insufficient with merely
defrosting the outdoor heat exchanger 23 while perform-
ing the communication pipe heat recovery operation, and
that the pattern 5 and 6 transition condition is satisfied.
The setting of whether or not to perform the pattern 5 or
6 defrosting operation is performed by the heat recovery
operation setting part 81 provided to the control part 8,
similar to the case described above. In the pattern 5 or
6 defrosting operation, the outdoor heat exchanger 23 is
defrosted while the communication pipe heat recovery
operation is performed as shown in FIGS. 11 and 15, and
in this state, the outdoor heat exchanger 23 is defrosted
while an indoor heat exchanger heat recovery operation
for recovering heat acquired by the refrigerant is per-
formed by causing the indoor heat exchangers 42a, 42b
to function as evaporators of the refrigerant. This oper-
ation is performed by opening the indoor expansion
valves 41a, 41b, which has been fully closed in the com-
munication pipe heat recovery operation, to cause the
indoor heat exchangers 42a, 42b to function as evapo-
rators of the refrigerant (see FIG. 15). When the pattern
5 defrosting operation has been set by the heat recovery
operation setting part 81, a first indoor heat exchanger
heat recovery operation is performed for recovering heat
without operating the indoor fans 43a, 43b, and when the
pattern 6 defrosting operation has been set, a second
indoor heat exchanger heat recovery operation is per-

formed in which the indoor fans 43a, 43b are operated
(see FIG. 11).
[0105] When the previous defrosting operation was the
pattern 5 or pattern 6 defrosting operation, insufficient
defrosting of the outdoor heat exchanger 23 is sometimes
resolved by defrosting the outdoor heat exchanger 23
while performing the first indoor heat exchanger heat re-
covery operation or the second indoor heat exchanger
heat recovery operation. In view of this, when the previ-
ous defrosting operation was the pattern 5 or pattern 6
defrosting operation, a determination is made as to
whether or not a pattern 4 resume condition is satisfied.
When the pattern 4 resume condition is satisfied, the pat-
tern 4 defrosting operation of step ST4 is performed. The
pattern 4 resume condition herein is a condition for de-
termining whether or not the pattern 4 defrosting opera-
tion can be resumed from the pattern 5 or pattern 6 de-
frosting operation, on the basis of the outdoor heat ex-
change outlet temperature Tol2 representing the situa-
tion at the end of the previous defrosting operation. When
the pattern 5 and 6 transition condition has ceased to be
satisfied herein, it is concluded that there is no risk of the
defrosting of the outdoor heat exchanger 23 being insuf-
ficient even if the outdoor heat exchanger 23 is defrosted
merely by defrosting the outdoor heat exchanger 23 while
performing the communication pipe heat recovery oper-
ation, and that the pattern 4 resume condition is satisfied.
In the above-described pattern 5 and 6 defrosting oper-
ations as well, the outdoor-side control part 38 is de-
signed to decide not only the control specifics of the de-
vices constituting the outdoor unit 2 (the compressor 21,
the switching mechanisms 22, 27, the outdoor expansion
valve 24, the outdoor fan 25, and/or the heat storage
expansion valve 29), but also the control specifics of the
devices constituting the indoor units 4a, 4b (the indoor
expansion valves 41a, 41b and/or the indoor fans 43a,
43b).
[0106] Thus, in the defrosting operation accompanying
the heat-storage-utilizing operation herein, when it is not
possible to meet the defrosting capability requirement of
the outdoor heat exchanger 23 merely by reducing the
air-warming capabilities of the indoor heat exchangers
42a, 42b, the defrosting capability of the outdoor heat
exchanger 23 can be ensured by performing a heat re-
covery operation such as those of patterns 4 to 6 without
performing the air-warming operation. The configuration
is designed so that the pattern 4 defrosting operation
(communication pipe heat recovery operation) is per-
formed prior to the pattern 5 or pattern 6 defrosting op-
eration (indoor heat exchanger heat recovery operation),
but the pattern 4 defrosting operation may be omitted.
For example, when the pattern 4 transition condition is
satisfied, a transition may be made from the pattern 3
defrosting operation to the pattern 5 or pattern 6 defrost-
ing operation, and when the pattern 4 resume condition
is satisfied, the pattern 3 defrosting operation may be
resumed from the pattern 5 or pattern 6 defrosting oper-
ation. In terms of keeping the room interior as comfortable
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as possible, it is preferable that the pattern 4 defrosting
operation be performed prior to the pattern 5 or pattern
6 defrosting operation.
[0107] The indoor heat exchanger heat recovery op-
erations herein include the first indoor heat exchanger
heat recovery operation for recovering heat from the in-
door heat exchangers 42a, 42b while minimizing the ef-
fect on the air conditioned space without operating the
indoor fans 43a, 43b, and the second indoor heat ex-
changer heat recovery operation in which the indoor fans
43a, 43b are operated, whereby the effect on the air con-
ditioned space is greater but more heat is recovered than
in the first indoor heat exchanger heat recovery opera-
tion. Therefore, the first indoor heat exchanger heat re-
covery operation can be performed when only a small
degree of defrosting capability of the outdoor heat ex-
changer 23 is required, and the second indoor heat ex-
changer heat recovery operation can be performed when
a large degree of defrosting capability of the outdoor heat
exchanger 23 is required. Two indoor heat exchanger
heat recovery operations having different degrees of heat
recovery can thereby be used herein as necessary to
ensure the defrosting capability of the outdoor heat ex-
changer 23.
[0108] The heat recovery operation setting part 81 pro-
vided to the control part 8 are also designed herein to be
able to set whether the heat recovery operation will be
simultaneously performed or inhibited in the defrosting
operation accompanying the heat-storage-utilizing oper-
ation. For example, settings can be made such that in
cold regions, a heat recovery operation is performed in
the defrosting operation accompanying the heat-storage-
utilizing operation, and in warm regions, a heat recovery
operation is not performed in the defrosting operation
accompanying the heat-storage-utilizing operation. It is
thereby possible herein to set whether or not a heat re-
covery operation is performed in accordance with climate
conditions and other factors in the region where the air
conditioning apparatus 1 is installed.
[0109] It is also possible herein to design the heat re-
covery operation setting part 81 to set which of the three
heat recovery operations (the communication pipe heat
recovery operation, the first indoor heat exchanger heat
recovery operation, and the second indoor heat exchang-
er heat recovery operation) will be performed in cases
when the heat recovery operation is performed simulta-
neously during the defrosting operation accompanying
the heat-storage-utilizing operation.
[0110] It is thereby possible herein to set which of the
heat recovery operations will be performed according to
climate conditions and other factors in the region where
the air conditioning apparatus 1 is installed.
[0111] In cases in which a heat recovery operation
such as those of patterns 4 to 6 is simultaneously per-
formed in the defrosting operation accompanying the
heat-storage-utilizing operation, it is preferable that the
defrosting operation be performed frequently, and that
sufficient heat be stored in the heat storage medium in

the heat storage operation performed before the defrost-
ing operation.
[0112] In view of this, in cases in which a heat recovery
operation is performed simultaneously during the de-
frosting operation accompanying the heat-storage-utiliz-
ing operation, the defrosting operation is designed to be
performed every time the heat storage operation ends
as shown in FIG. 11. Therefore, heat is reliably stored in
the heat storage medium in the heat storage operation
before the defrosting operation, and the interval time Δt-
bet between the defrosting operations can be shortened
by omitting the air-warming operation after the heat stor-
age operation.
[0113] It is thereby possible herein to increase the fre-
quency of the defrosting operation, to sufficiently utilize
the stored heat of the heat storage medium, and to sat-
isfactorily perform the defrosting operation accompany-
ing the heat-storage-utilizing operation in cases in which
a heat recovery operation is performed simultaneously
during the defrosting operation accompanying the heat-
storage-utilizing operation.
[0114] In the defrosting operations of patterns 4 to 6
added in the present modification, the outdoor-side con-
trol part 38 is designed so as to decide not only the control
specifics of the devices constituting the outdoor unit 2,
but also the control specifics of the devices constituting
the indoor units 4a, 4b, similar to the defrosting opera-
tions of patterns 1 to 3. Therefore, the outdoor-side con-
trol part 38 is capable of performing the controls of all the
devices of the entire air conditioning apparatus 1 in the
defrosting operation accompanying the heat-storage-uti-
lizing operation, and the controls of the devices are per-
formed appropriately.

(6) Modification 3

[0115] The above embodiment and Modifications 1
and 2 are designed so that in the defrosting operation
accompanying the heat-storage-utilizing operation, the
defrosting capability of the outdoor heat exchanger 23 is
altered based on the outdoor temperature Ta as an indi-
cator representing the situation at the start of the defrost-
ing operation, and/or the outdoor heat exchange outlet
temperature Tol2 as an indicator representing the situa-
tion at the end of the previous defrosting operation, as
shown in FIGS. 9 and/or 12.
[0116] However, the indicator representing the situa-
tion at the end of the previous defrosting operation is not
limited to this option. For example, the time tdef required
for the previous defrosting operation may be used in cas-
es in which the defrosting operation is designed to be
ended when the outdoor heat exchange outlet tempera-
ture Tol2 is equal to or greater than the predetermined
defrosting operation ending temperature Tdefe.
[0117] Specifically, in the process of altering defrosting
operation patterns in FIGS. 9 and/or 12, the condition
that "the outdoor heat exchange outlet temperature Tol2
at the end of the previous defrosting operation be lower
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than the defrosting operation determination tempera-
tures Tdef1, Tdef2, Tdef3, Tdef4" is preferably altered to
the condition that "the time tdef required for the previous
defrosting operation be greater than a predetermined
time." The condition that "any of the outdoor heat ex-
change outlet temperatures Tol2 at the end of the three
previous defrosting operations be equal to or greater than
the defrosting operation determination temperatures
Tdef1, Tdef2" is also preferably altered to the condition
that "any of the times tdef required for the three previous
defrosting operations be equal to or less than a prede-
termined time."
[0118] Thus, the defrosting operation accompanying
the heat-storage-utilizing operation herein is designed
so that the defrosting capability of the outdoor heat ex-
changer 23, which must be varied according to the cli-
mate conditions and other factors in the region where the
air conditioning apparatus 1 is installed, is altered based
on the outdoor temperature Ta and/or the time tdef re-
quired for the previous defrosting operation. Therefore,
in the defrosting operation accompanying the heat-stor-
age-utilizing operation, the defrosting capability of the
outdoor heat exchanger 23 can be set to a capability
appropriate for the climate conditions and other factors
in the region where the air conditioning apparatus 1 is
installed, similar to the above embodiment and Modifica-
tions 1 and 2. The heat storage heat exchanger 28, hav-
ing a heat storage medium of a specific capacity, thereby
makes it possible to adapt to a wide range of regions. It
is also possible in the defrosting operation accompanying
the heat-storage-utilizing operation herein to ensure the
defrosting capability of the outdoor heat exchanger 23
while continuing the air-warming operation to the fullest
extent possible.
[0119] When a long time tdef was required for the pre-
vious defrosting operation, it is preferable that the de-
frosting operation be performed frequently so that the
defrosting operation is performed satisfactorily. When a
heat recovery operation is simultaneously performed in
the defrosting operation accompanying the heat-storage-
utilizing operation, it is preferable that the defrosting op-
eration be performed frequently, and also that sufficient
heat be stored in the heat storage medium in the heat
storage operation performed before the defrosting oper-
ation.
[0120] In view of this, the interval time Δtbet between
the defrosting operations herein is altered based on the
outdoor temperature Ta and/or the time required for the
previous defrosting operation, similar to the above Mod-
ifications 1 and 2. For example, when a long time was
required for the previous defrosting operation (when the
pattern 2 defrosting operation is performed herein), an
alteration is made to shorten the interval time Δtbet be-
tween the defrosting operations, as shown in FIGS. 10
and 11. When a heat recovery operation is simultane-
ously performed in the defrosting operation accompany-
ing the heat-storage-utilizing operation (when a defrost-
ing operation of any pattern 4 to 6 is performed herein),

the defrosting operation is performed every time the heat
storage operation ends, similar to Modification 2 (see
FIG. 11).
[0121] The frequency of the defrosting operation can
thereby be varied herein as necessary, and the defrosting
operation accompanying the heat-storage-utilizing oper-
ation can be performed satisfactorily. Heat can also be
reliably stored in the heat storage medium during the
heat storage operation before the defrosting operation,
and the interval time Δtbet between the defrosting oper-
ations can be shortened by omitting the air-warming op-
eration after the heat storage operation.

INDUSTRIAL APPLICABILITY

[0122] The present invention can be widely applied to
air conditioning apparatuses comprising a refrigerant cir-
cuit having a heat storage heat exchanger for performing
heat exchange between a refrigerant and a heat storage
medium, wherein a heat storage operation for storing
heat in a heat storage medium can be performed by caus-
ing the heat storage heat exchanger to function as a heat
radiator of the refrigerant, and an air-warming operation
and a heat-storage-utilizing operation for radiating heat
from the heat storage medium can be performed simul-
taneously by causing the heat storage heat exchanger
to function as an evaporator of the refrigerant during a
defrosting operation.

REFERENCE SIGNS LIST

[0123]

1 Air conditioning apparatus
10 Refrigerant circuit
21 Compressor
23 Outdoor heat exchanger
28 Heat storage heat exchanger
29 Heat storage expansion valve
41a, 41b Indoor expansion valves
42a, 42b Indoor heat exchangers
43a, 43b Indoor fans
81 Heat recovery operation setting part

CITATION LIST

PATENT LITERATURE

[0124] [Patent Literature 1]
Japanese Laid-open Patent Application No.
2005-337657

Claims

1. An air conditioning apparatus (1) comprising a re-
frigerant circuit (10) having a compressor (21), an
outdoor heat exchanger (23), indoor heat exchang-
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ers (42a, 42b), and a heat storage heat exchanger
(28) for performing heat exchange between a refrig-
erant and a heat storage medium, the air condition-
ing apparatus being capable of performing a heat
storage operation for storing heat in the heat storage
medium by causing the heat storage heat exchanger
to function as a heat radiator of the refrigerant, and
simultaneously performing a heat-storage-utilizing
operation for radiating heat from the heat storage
medium by causing the heat storage heat exchanger
to function as an evaporator of the refrigerant and
an air-warming operation for causing the indoor heat
exchangers to function as heat radiators of the re-
frigerant during a defrosting operation for defrosting
the outdoor heat exchanger by causing the outdoor
heat exchanger to function as a heat radiator of the
refrigerant;
during the defrosting operation accompanying the
heat-storage-utilizing operation, the defrosting ca-
pability of the outdoor heat exchanger being altered
based on the outdoor temperature of the external
space where the outdoor heat exchanger is installed,
and/or either an outdoor heat exchange outlet tem-
perature, which is the temperature of the refrigerant
in an outlet of the outdoor heat exchanger at the end
of the previous defrosting operation, or the time re-
quired for the previous defrosting operation.

2. The air conditioning apparatus (1) according to claim
1, wherein
during the defrosting operation accompanying the
heat-storage-utilizing operation, when an alteration
is required to increase the defrosting capability of
the outdoor heat exchanger (23) on the basis of the
outdoor temperature and/or either the outdoor heat
exchange outlet temperature at the end of the pre-
vious defrosting operation or the time required for
the previous defrosting operation, the air-warming
capabilities of the indoor heat exchangers (42a, 42b)
are reduced while the air-warming operation is si-
multaneously performed.

3. The air conditioning apparatus (1) according to claim
2, wherein
in cases in which the air-warming operation is per-
formed simultaneously during the defrosting opera-
tion accompanying the heat-storage-utilizing opera-
tion, an interval time between the defrosting opera-
tions is altered based on the outdoor temperature
and/or either the outdoor heat exchange outlet tem-
perature at the end of the previous defrosting oper-
ation or the time required for the previous defrosting
operation.

4. The air conditioning apparatus (1) according to claim
2 or 3, wherein
during the defrosting operation accompanying the
heat-storage-utilizing operation, supply of the refrig-

erant to the indoor heat exchangers (42a, 42b) is
ceased and the outdoor heat exchanger (23) is de-
frosted when an alteration is required for further in-
creasing the defrosting capability of the outdoor heat
exchanger (23) on the basis of the outdoor temper-
ature and/or either the outdoor heat exchange outlet
temperature at the end of the previous defrosting
operation or the time required for the previous de-
frosting operation.

5. The air conditioning apparatus (1) according to claim
4, wherein
during the defrosting operation accompanying the
heat-storage-utilizing operation, in cases in which an
alteration is required to further increase the defrost-
ing capability of the outdoor heat exchanger (23) on
the basis of the outdoor temperature and/or either
the outdoor heat exchange outlet temperature at the
end of the previous defrosting operation or the time
required for the previous defrosting operation, the
air conditioning apparatus performs a communica-
tion pipe heat recovery operation for recovering heat
in a refrigerant pipe connecting the indoor heat ex-
changers (42a, 42b) and the compressor (21), and/or
an indoor heat exchanger heat recovery operation
for recovering heat obtained by the refrigerant due
to the indoor heat exchangers being made to function
as evaporators of the refrigerant.

6. The air conditioning apparatus (1) according to claim
5, wherein
indoor fans (43a, 43b) are also provided for supply-
ing air to the indoor heat exchangers (42a, 42b), and
the indoor heat exchanger heat recovery operation
includes a first indoor heat exchanger heat recovery
operation in which the indoor fans are not operated,
and a second indoor heat exchanger heat recovery
operation in which the indoor fans are operated.

7. The air conditioning apparatus (1) according to claim
5 or 6, wherein
the defrosting operation is performed every time the
heat storage operation ends when the communica-
tion pipe heat recovery operation and/or the indoor
heat exchanger heat recovery operation are per-
formed during the defrosting operation accompany-
ing the heat-storage-utilizing operation.

8. The air conditioning apparatus (1) according to any
one of claims 5 to 7, wherein
a heat recovery operation setting part (81) is provid-
ed for setting whether to allow or inhibit the commu-
nication pipe heat recovery operation and/or the in-
door heat exchanger heat recovery operation in the
defrosting operation accompanying the heat-stor-
age-utilizing operation.

9. The air conditioning apparatus (1) according to claim
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8, wherein
the heat recovery operation setting part (81) is ca-
pable of setting each of the communication pipe heat
recovery operation, the first indoor heat exchanger
heat recovery operation, and the second indoor heat
exchanger heat recovery operation in the defrosting
operation accompanying the heat-storage-utilizing
operation.

37 38 



EP 2 860 474 A1

21



EP 2 860 474 A1

22



EP 2 860 474 A1

23



EP 2 860 474 A1

24



EP 2 860 474 A1

25



EP 2 860 474 A1

26



EP 2 860 474 A1

27



EP 2 860 474 A1

28



EP 2 860 474 A1

29



EP 2 860 474 A1

30



EP 2 860 474 A1

31



EP 2 860 474 A1

32



EP 2 860 474 A1

33



EP 2 860 474 A1

34



EP 2 860 474 A1

35



EP 2 860 474 A1

36

5

10

15

20

25

30

35

40

45

50

55



EP 2 860 474 A1

37

5

10

15

20

25

30

35

40

45

50

55



EP 2 860 474 A1

38

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2005337657 A [0002] [0124]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

