(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 2 863 153 B1

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: F25B 47/02 (2006.0%) F25B 13/00 (2006.01)
07.03.2018 Bulletin 2018/10
(86) International application number:

(21)

(22)

Application number: 12886561.5

Date of filing: 18.10.2012

(87)

PCT/JP2012/076941

International publication number:
WO 2014/061134 (24.04.2014 Gazette 2014/17)

(54)

AIR CONDITIONER
KLIMAANLAGE
CLIMATISEUR

(84)

(43)

(73)

(72)

Designated Contracting States:
AL AT BEBG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR

Date of publication of application:
22.04.2015 Bulletin 2015/17

Proprietors:

Daikin Industries, Ltd.
Osaka 530-8323 (JP)
Daikin Europe N.V.
8400 Oostende (BE)

Inventors:
HONDA, Masahiro
Osaka-shi, Osaka 530-8323 (JP)

(74)

(56)

MATSUMOTO, Yoshihiro
Osaka-shi, Osaka 530-8323 (JP)

Representative: Global IP Europe
Patentanwaltskanzlei
Pfarrstrae 14

80538 Miinchen (DE)

References cited:
JP-A- HO 328 672
JP-A- HO7 198 187
JP-A- 2007 010 288
JP-A- 2008 298 341
JP-A- 2012 137 281

JP-A- HO 328 673

JP-A- 2005 127 687
JP-A- 2008 185 292
JP-A- 2012 117 690

EP 2 863 153 B1

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 863 153 B1 2

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 arefrigerantand a heat storage medium, itbeing
possible for a heat storage operation for storing heat in
the heat storage medium to be performed by causing the
heatstorage heatexchangerto function as a heatradiator
of the refrigerant, and an air-warming operation and a
heat-storage-utilizing operation for radiating heat from
the heat storage medium to be performed simultaneously
by causing the heat storage heat exchanger to function
as an evaporator of the refrigerant during a defrosting
operation.

BACKGROUND ART

[0002] Inthe 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, in which a heat storage operation is
performed, 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 a heat
radiator 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.

[0003] JPH3-28672 Adiscloses an air conditioning ap-
paratus comprising a refrigerant circuit having a com-
pressor, an outdoor heat exchanger, indoor heat ex-
changers, and a heat storage heat exchanger 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 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, during a defrosting operation for de-
frosting the outdoor heat exchanger by causing the out-
door heat exchanger to function as a heat radiator of the
refrigerant, simultaneously performing a heat-storage-
utilizing operation for radiating heat from the heat storage
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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 exchang-
erstofunction as heatradiators of the refrigerant; wherein
the refrigerant circuit also has indoor expansion valves
for varying the flow rate of the refrigerant flowing through
the indoor heat exchangers, and an outdoor expansion
valve for varying the flow rate of the refrigerant flowing
through the outdoor heat exchanger; the indoor heat ex-
changers and the indoor expansion valves are provided
to indoor units; and the outdoor heat exchanger and the
outdoor expansion valve are provided to an outdoor unit.

SUMMARY OF THE INVENTION

[0004] The conventional air conditioning apparatus de-
scribed above has an indoor unit provided with an indoor
heat exchanger and an indoor expansion valve for vary-
ing the flow rate of refrigerant flowing through the indoor
heat exchanger, and an outdoor unit provided with an
outdoor heat exchanger and an outdoor expansion valve
for varying the flow rate of refrigerant flowing through the
outdoor heat exchanger. During a normal air-warming
operation (i.e. during an air-warming operation that does
not accompany a heat-storage-utilizing operation or a
defrosting operation), the opening degree of the indoor
expansion valve is controlled on the basis of the degree
of subcooling of the refrigerant in the outlet of the indoor
heat exchanger (degree of subcooling control by the in-
door expansion valve), and the air-warming capability of
the indoor heat exchanger is thereby ensured. The open-
ing degree of the indoor expansion valve in this degree
of subcooling control is decided by anindoor-side control
part provided to the indoor unit.

[0005] In such an air conditioning apparatus, even in
cases in which the air-warming operation is performed
simultaneously during a defrosting operation accompa-
nying a heat-storage-utilizing operation, the indoor-side
control part preferably controls the opening degree of the
indoor expansion valve and ensures the air-warming ca-
pability of the indoor heat exchanger, similar to during
normal air-warming operation, when there is excess in
the defrosting capability of the outdoor heat exchanger.
[0006] However, when there is no excess in the de-
frosting capability of the outdoor heat exchanger, the
opening degree of the indoor expansion valve must be
different from the opening degree during the normal air-
warming operation in order to limit the air-warming ca-
pability of the indoor heat exchanger. When the opening
degree of the indoor expansion valve is too great relative
to the opening degree of the outdoor expansion valve,
the limit on the air-warming capability of the indoor heat
exchanger becomes insufficient, the defrosting capability
of the outdoor heat exchanger becomes insufficient, and
the defrosting operation therefore ends while the outdoor
heat exchanger is not yet fully defrosted. Conversely,
when the opening degree of the indoor expansion valve
is too small relative to the opening degree of the outdoor
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expansion valve, the defrosting capability of the outdoor
heat exchanger is sufficient but the limit on the air-warm-
ing capability of the indoor heat exchanger becomes ex-
cessive, and it is therefore not possible to sufficiently
achieve the advantage of performing an air-warming op-
eration by means of a defrosting operation accompany-
ing a heat-storage-utilizing operation.

[0007] An object of the present invention is to provide
an air conditioning apparatus that comprises arefrigerant
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 opening degrees of the
indoor expansion valve and the outdoor expansion valve
can be appropriately decided when the air-warming op-
eration is performed simultaneously during the defrosting
operation accompanying the heat-storage-utilizing oper-
ation.

[0008] Anairconditioning apparatus according to afirst
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 configured to
perform 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.
The refrigerant circuit also has indoor expansion valves
for varying the flow rate of the refrigerant flowing through
the indoor heat exchangers, and an outdoor expansion
valve for varying the flow rate of the refrigerant flowing
through the outdoor heat exchanger. The indoor heat ex-
changers and the indoor expansion valves herein are
provided to indoor units, and the outdoor heat exchanger
and the outdoor expansion valve are provided to an out-
door unit. In this air conditioning apparatus, the indoor
units have indoor-side control parts for deciding the open-
ing degrees of the indoor expansion valves when only
the air-warming operation is performed, and the outdoor
unit has an outdoor-side control part for deciding the
opening degree of the outdoor expansion valve when
only the air-warming operation is performed and deciding
the opening degrees of the indoor expansion valves and
the opening degree of the outdoor expansion valve when
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the air-warming operation is performed during the de-
frosting operation accompanying the heat-storage-utiliz-
ing operation.

[0009] The air conditioning apparatus according to the
first aspect is the air conditioning apparatus, wherein
when the air-warming operation is performed during the
defrosting operation accompanying the heat-storage-uti-
lizing operation, the opening degrees of the indoor ex-
pansion valves are decided on the basis of the correlation
between the condensation temperature of the refrigerant
in the refrigerant circuit and the indoor temperatures of
the spaces being air-conditioned by the indoor units, until
a first defrosting time elapses from the start of the de-
frosting operation.

[0010] When only the air-warming operation is per-
formed herein, the indoor-side control parts decide the
opening degrees of the indoor expansion valves and the
outdoor-side control part decides the opening degree of
the outdoor expansion valve, but when the air-warming
operation is performed during the defrosting operation
accompanying the heat-storage-utilizing operation, the
outdoor-side control part decides not only the opening
degree of the outdoor expansion valve but also the open-
ing degrees of the indoor expansion valves. Therefore,
when the air-warming operation is performed during the
defrosting operation accompanying the heat-storage-uti-
lizing operation, the outdoor-side control part can decide
the opening degree of the outdoor expansion valve and
the opening degrees of the indoor expansion valves all
together, taking into account a balance between the de-
frosting capability of the outdoor heat exchanger and the
air-warming capabilities of the indoor heat exchangers.
[0011] The opening degrees of the indoor expansion
valves and the outdoor expansion valve can thereby be
appropriately decided herein when the air-warming op-
eration is performed during the defrosting operation ac-
companying the heat-storage-utilizing operation.

[0012] When the air-warming operation is performed
during the defrosting operation accompanying the heat-
storage-utilizing operation, the opening degrees of the
indoor expansion valves must be decided while the air-
warming capabilities of the indoor heat exchangers are
reliably ensured. However, when the outdoor-side con-
trol part decides the opening degrees of the indoor ex-
pansion valves, it is difficult to take into account the ef-
fects of pressure loss and the like in the refrigerant in the
refrigerant pipes connecting the outdoor unit and the in-
door units.

[0013] Inview ofthis, the opening degrees of the indoor
expansion valves are decided herein on the basis of the
correlation between the condensation temperature of the
refrigerant in the refrigerant circuit and the indoor tem-
peratures of the spaces being air-conditioned by the in-
door units until the first defrosting time elapses from the
start of the defrosting operation, as described above. For
example, when the condensation temperature is lower
than a threshold temperature obtained from the indoor
temperatures, the outdoor-side control part determines
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that the air-warming capabilities of the indoor heat ex-
changers are notbeing ensured, and increases the open-
ing degrees of the indoor expansion valves so that the
air-warming capabilities of the indoor heat exchangers
are ensured. Moreover, as described above, such a de-
cision about the opening degree for the indoor expansion
valves is performed until the first defrosting time elapses
from the start of the defrosting operation, and in the initial
period of the defrosting operation, the defrosting opera-
tion is performed with priority given to ensuring the air-
warming capabilities of the indoor heat exchangers.
[0014] The outdoor-side control part thereby appropri-
ately decides the opening degrees of the indoor expan-
sion valves on the basis of the correlation between the
condensation temperature and the indoor temperatures,
whereby the defrosting operation can be performed with
priority given to ensuring the air-warming capabilities of
the indoor heat exchangers.

[0015] An air conditioning apparatus according to a
second aspect is defined by the appended claim 2.
[0016] An air conditioning apparatus according to a
third aspect is the air conditioning apparatus according
to the first or second aspect, wherein after the first de-
frosting time has elapsed from the start of the defrosting
operation, the opening degrees of the indoor expansion
valves and the outdoor expansion valve are altered so
that the air-warming capabilities of the indoor heat ex-
changers decrease and the defrosting capability of the
outdoor heat exchanger increases.

[0017] When the air-warming operation is performed
during the defrosting operation accompanying the heat-
storage-utilizing operation, the defrosting capability of
the outdoor heat exchanger must be increased in order
to reliably end defrosting of the outdoor heat exchanger.
[0018] In view of this, after the first defrosting time has
elapsed from the start of the defrosting operation, the
opening degrees of the indoor expansion valves and the
outdoor expansion valve are herein altered so that the
air-warming capabilities of the indoor heat exchangers
decrease and the defrosting capability of the outdoor heat
exchanger increases, as described above. For example,
after the first defrosting time has elapsed from the start
of the defrosting operation, the outdoor-side control part
reduces the opening degrees of the indoor expansion
valves and increases the opening degree of the outdoor
expansion valve to reduce the air-warming capabilities
of the indoor heat exchangers and increase the defrost-
ing capability of the outdoor heat exchanger, whereby
operation of the air conditioning apparatus transitions
from prioritizing air-warming to prioritizing defrosting.
[0019] The outdoor-side control part thereby appropri-
ately decides the opening degrees of the indoor expan-
sion valves and the outdoor expansion valve, whereby
operation can be made to transition from prioritizing air-
warming to prioritizing defrosting, and the defrosting of
the outdoor heat exchanger can be reliably ended.
[0020] An air conditioning apparatus according to a
fourth aspect is the air conditioning apparatus according
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to any one of the first to third aspects, wherein the first
defrosting time is decided on the basis of the outdoor
temperature of the external space where the outdoor unit
is disposed.

[0021] The time required for defrosting is affected by
heat radiation loss from the heat storage medium and/or
the devices constituting the refrigerant circuit, and this
time therefore tends to be longer as the outdoor temper-
ature decreases. Therefore, the first defrosting time,
which is the time during which an operation prioritizing
air-warming is performed, is also preferably decided on
the basis of the outdoor temperature.

[0022] In view of this, the first defrosting time herein is
decided on the basis of the outdoor temperature as de-
scribed above. For example, the lower the outdoor tem-
perature, the shorter the time must be for an operation
prioritizing air-warming and the longer the time must be
for an operation prioritizing defrosting, and the first de-
frosting time is therefore decided so as to be shorter as
the outdoor temperature decreases.

[0023] The first defrosting time during which an oper-
ation prioritizing air-warming is performed is thereby
herein decided on the basis of the outdoor temperature,
whereby a longer operation prioritizing defrosting can be
performed, and defrosting of the outdoor heat exchanger
can be reliably ended.

[0024] Anairconditioning apparatus according to a fifth
aspect is the air conditioning apparatus according to any
one of the first through fourth aspects, wherein during
the defrosting operation, the air conditioning apparatus
determines whether or not the opening degrees of the
indoor expansion valves are too large on the basis of the
degree of superheating of the refrigerant discharged from
the compressor.

[0025] When the air-warming operation is performed
during the defrosting operation accompanying the heat-
storage-utilizing operation, the refrigerant in the outlets
of the indoor heat exchangers readily reaches a gas-
liquid two-phase state when the opening degrees of the
indoor expansion valves become too large. Refrigerant
in a gas state then readily fills the refrigerant pipes con-
necting the outlet sides (liquid sides) of the indoor heat
exchangers and the inlet side (liquid side) of the heat
storage heat exchanger functioning as an evaporator of
the refrigerant. In cases in which the refrigerant circuit
does not have areceiver provided to the portion connect-
ing the outlet sides (liquid sides) of the indoor heat ex-
changers and the inlet side (liquid side) of the heat stor-
age heat exchanger functioning as an evaporator of the
refrigerant, there is arisk that "liquid backflow" may occur,
in which the liquid refrigerant returns to the compressor
via the heat storage heat exchanger. When liquid back-
flow occurs, a tendency for the degree of superheating
of the refrigerant discharged from the compressor to de-
crease is observed.

[0026] In view of this, the outdoor-side control part
herein is designed to determine, on the basis of the de-
gree of superheating of the refrigerant discharged from
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the compressor, that liquid backflow is occurring due to
the opening degrees of the indoor expansion valves be-
ing too large. For example, when the degree of super-
heating of the refrigerant discharged from the compres-
sor is lower than a threshold degree of superheating, the
outdoor-side control part determines that liquid backflow
is occurring. The opening degrees of the indoor expan-
sion valves are then reduced as necessary.

[0027] Itis thereby possible herein to perform the air-
warming operation while appropriately determining
whether or not the opening degrees of the indoor expan-
sion valves have become too large during the defrosting
operation accompanying the heat-storage-utilizing oper-
ation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]

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 during the air-cooling op-
eration;

FIG. 5 is a drawing showing the flow of refrigerant
within the refrigerant circuit during the air-warming
operation;

FIG. 6 is a drawing showing the flow of refrigerant
within the refrigerant circuit during the heat storage
operation (the heat storage operation during the air-
warming operation);

FIG. 7 is a drawing showing the flow of refrigerant
within the refrigerant circuit during the defrosting op-
eration (the defrosting operation accompanying the
heat-storage-utilizing operation);

FIG. 8 is a flowchart of the process of deciding the
opening degrees of the indoor expansion valves and
the outdoor expansion valve during the defrosting
operation (the defrosting operation accompanying
the heat-storage-utilizing operation);

FIG. 9 is a graph showing the change over time in
the opening degrees of the indoor expansion valves
and the outdoor expansion valve during the defrost-
ing operation (the defrosting operation accompany-
ing the heat-storage-utilizing operation); and

FIG. 10 is a flowchart of the process of deciding the
opening degrees of the indoor expansion valves and
the outdoor expansion valve during the defrosting
operation (the defrosting operation accompanying
the heat-storage-utilizing operation) according to
Modification 2.
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DESCRIPTION OF EMBODIMENTS

[0029] An embodiment of the air conditioning appara-
tus according to the presentinvention 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.

(1) Basic Configuration of Air Conditioning Apparatus

[0030] FIG. 1is 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 ofindoor
units 4a, 4b via the refrigerant communication pipes 6, 7.

<Indoor Units>

[0031] 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.

[0032] 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 4ais described herein,
and the configuration of the indoor unit 4b, for which the
components are notdescribed, uses the letter "b" in place
of the letter "a" indicating the components of the indoor
unit 4a.

[0033] The indoor unit 4a has primarily an indoor-side
refrigerant circuit 10a constituting part of the refrigerant
circuit 10 (theindoor unit4b has anindoor-side refrigerant
circuit 10b). The indoor-side refrigerant circuit 10a has
primarily an indoor expansion valve 41a and an indoor
heat exchanger 42a.

[0034] 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.

[0035] The indoor heat exchanger 42a is composed
of, e.g., a cross-fin-type fin-and-tube heat exchanger. An
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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.

[0036] 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.

<Qutdoor Unit>

[0037] The outdoor unit 2 is installed outside of the
room. The outdoorunit 2, which is connected to the indoor
units 4a, 4b via the refrigerant communication pipes 6,
7, constitutes part of the refrigerant circuit 10.

[0038] Next, the configuration of the outdoor unit 2 will
be described.
[0039] Theoutdoorunit2 has primarily anoutdoor-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.

[0040] 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)
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of the inverter apparatus.

[0041] 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
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
afour-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.

[0042] 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 airis 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.

[0043] 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.

[0044] 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-
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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.

[0045] 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, amedium 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 heatexchanger 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
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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 asche-
matic overview of the heat storage heat exchanger 28.
[0046] 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
storage heat exchanger 28.

[0047] Varioussensors 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 Tol1
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>

[0048] 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>
[0049] 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-



13 EP 2 863 153 B1 14

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
31to 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.

[0050] 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

[0051] Next, FIGS. 4to7 are used todescribe 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>

[0052] 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.

[0053] 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
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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.

[0054] 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-
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.

[0055] Thelow-pressure gas refrigerantsentto the out-
door unit 2 is drawn through the second switching mech-
anism 27 back into the compressor 21.

<Air-Warming Operation>

[0056] 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.

[0057] 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.

[0058] 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
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gas refrigerant communication pipe 7, from the indoor
units 4a, 4b to the outdoor unit 2.

[0059] The refrigerant sentto 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)>

[0060] 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).

[0061] 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 sentto the indoor units
4a, 4b is condensed to high-pressure liquid refrigerant
by being cooled by heatexchange 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.
[0062] 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
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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.
[0063] The refrigerant depressurized by the heat stor-
age expansion valve 29 converges with the refrigerant
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)>

[0064] 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-
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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.

[0065] 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 heatexchange 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.
[0066] 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.

[0067] 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
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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
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-

[0068] 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-
erantcircuit 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.

[0069] 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
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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-

[0070] 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
Pcintherefrigerant 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.

[0071] Inthe 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-

[0072] 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 Atbet has elapsed after the start of the heat storage
operation, a transition is made to the defrosting opera-
tion. Specifically, the interval time Atbet means the inter-
val time between the defrosting operations. Basically,
during the interval time Atbet, the heat storage operation
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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 Atbet.

[0073] 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
defrosting operation by performing the heat-storage-uti-
lizing operation during the defrosting operation.

(3) Control During Defrosting Operation

[0074] During the defrosting operation accompanying
the heat-storage-utilizing operation described above,
when there is excess in the defrosting capability of the
outdoor heat exchanger 23, the indoor-side control parts
48a, 48b preferably perform opening degree control on
the indoor expansion valves 41a, 41b (degree of sub-
cooling control by the indoor expansion valves 41a, 41b
herein), ensuring the air-warming capabilities of the in-
door heat exchangers 42a, 42b, similar to during the nor-
mal air-warming operation (i.e. during an air-warming op-
eration that does not accompany a heat-storage-utilizing
operation and/or a defrosting operation). However, when
there is no excess in the defrosting capability of the out-
door heat exchanger 23, the opening degree control of
the indoor expansion valves 41a, 41b must be different
from the control during the normal air-warming operation
in order to limit the air-warming capabilities of the indoor
heat exchangers 42a, 42b. When the opening degrees
of the indoor expansion valves 41a, 41b are too great
relative to the opening degree of the outdoor expansion
valve 24, the limit on the air-warming capabilities of the
indoor heat exchangers 42a, 42b becomes insufficient
and the defrosting capability of the outdoor heat exchang-
er 23 becomes insufficient; therefore, the defrosting op-
eration ends while the outdoor heat exchanger 23 is not
yet fully defrosted. Conversely, when the opening de-
grees of the indoor expansion valves 41a, 41b are too
small relative to the opening degree of the outdoor ex-
pansion valve 24, the defrosting capability of the outdoor
heat exchanger 23 is sufficient but the limit on the air-
warming capabilities of the indoor heat exchangers 41a,
41b becomes excessive, and it is therefore not possible
to sufficiently achieve the merit of performing an air-
warming operation by means of a defrosting operation
accompanying a heat-storage-utilizing operation.

[0075] In view of this, when only the air-warming op-
eration is performed, the indoor-side control parts 48a,
48b decide the opening degrees of the indoor expansion
valves 41a, 41b and the outdoor-side control part 38 de-
cides the opening degree of the outdoor expansion valve
24, butwhen the air-warming operation is performed dur-
ing the defrosting operation accompanying the heat-stor-
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age-utilizing operation, the outdoor-side control part 38
decides not only the opening degree of the outdoor ex-
pansion valve 24 but also the opening degrees of the
indoor expansion valves 41 a, 41b.

[0076] Therefore, when the air-warming operation is
performed during the defrosting operation accompanying
the heat-storage-utilizing operation, the outdoor-side
control part 38 can decide the opening degree of the out-
door expansion valve 24 and the opening degrees of the
indoor expansion valves 41a, 41b all together, taking into
account a balance between the defrosting capability of
the outdoor heat exchanger 23 and the air-warming ca-
pabilities of the indoor heat exchangers 42a, 42b.
[0077] The opening degrees of the indoor expansion
valves 41a, 41b and the outdoor expansion valve 24 can
thereby be appropriately decided herein when first the
air-warming operation is performed during the defrosting
operation accompanying the heat-storage-utilizing oper-
ation.

[0078] When the air-warming operation is performed
during the defrosting operation accompanying the heat-
storage-utilizing operation, the opening degrees of the
indoor expansion valves 41a, 41b must be decided while
the air-warming capabilities of the indoor heat exchang-
ers 42a, 42b are reliably ensured. However, when the
outdoor-side control part 38 decides the opening degrees
of the indoor expansion valves 41a, 41b, it is difficult to
take into account the effects of pressure loss and the like
in the refrigerant in the refrigerant pipes connecting the
outdoor unit 2 and the indoor units 4a, 4b (mainly the
liquid refrigerant communication pipe 6 and the gas re-
frigerant communication pipe 7 herein). Moreover, when
the air-warming operation is performed during the de-
frosting operation accompanying the heat-storage-utiliz-
ing operation, the defrosting capability of the outdoor heat
exchanger 23 must also be increased in order to reliably
end the defrosting of the outdoor heat exchanger 23.
[0079] In view of this, until afirst defrosting time taj has
elapsed from the start of the defrosting operation, the
opening degrees of the indoor expansion valves41a,41b
are decided on the basis of the correlation between the
condensation temperature Tc of the refrigerant in the re-
frigerant circuit 10 and the indoor temperatures Tra, Trb
(collectively referred to as Tr) of the spaces to be air-
conditioned by the indoor units 4a, 4b. After the first de-
frosting time taj has elapsed from the start of the defrost-
ing operation, the opening degrees of the indoor expan-
sion valves 41a, 41b and the outdoor expansion valve
24 are altered so that the air-warming capabilities of the
indoor heat exchangers 42a, 42b decrease and the de-
frosting capability of the outdoor heat exchanger 23 in-
creases.

[0080] Specifically, the opening degrees of the indoor
expansion valves 41a, 41b and the outdoor expansion
valve 24 are decided by the outdoor-side control part 38
in accordance with steps ST1 to ST5 shown in the flow-
chart of FIG. 8.

[0081] First, when the heat storage operation during
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the air-warming operation ends, the air-warming opera-
tion following the end of the heat storage operation ends,
and the defrosting operation (the defrosting operation ac-
companying the heat-storage-utilizing operation) is start-
ed, in step ST1, the opening degrees of the indoor ex-
pansion valves 41a, 41b are set to an initial opening de-
gree MVrd1 for the defrosting operation, and the opening
degree of the outdoor expansion valve 24 is set to an
initial opening degree MVod1 for the defrosting opera-
tion. The opening degrees of the indoor expansion valves
41a, 41b and the opening degree of the outdoor expan-
sion valve 24 are decided herein by the outdoor-side con-
trol part 38 as described above.

[0082] When the defrosting operation satisfies an air-
warming/defrosting prioritizing start condition, the se-
quence transitions through the process of step ST2 to
the process of steps ST3 to ST5, and control for deciding
the opening degrees of the indoor expansion valves 41a,
41b and the opening degree of the outdoor expansion
valve 24 is started, so that an operation prioritizing air-
warming and/or an operation prioritizing defrosting is per-
formed. The air-warming/defrosting prioritizing start con-
dition herein is a condition for determining whether or not
the current state allows for an operation prioritizing air-
warming and/or an operation prioritizing defrosting to be
performed by altering the opening degrees of the indoor
expansion valves 41a, 41b and the opening degree of
the outdoor expansion valve 24. The air-warming/de-
frosting prioritizing start condition is satisfied herein in
cases in which the time is within a second defrosting time
tah from the start of the defrosting operation, a predeter-
mined time tdef1 has elapsed from the start of the de-
frosting operation, and the condensation temperature Tc
is less than a predetermined threshold temperature Trdef
obtained from the indoor temperature Tr (e.g., a value
obtained by adding a predetermined temperature to the
indoor temperature Tr). The second defrosting time tah
herein is the time taken to perform an operation prioritiz-
ing air-warming and/or an operation prioritizing defrost-
ing from the start of the defrosting operation. The time
tdef1 is a standby time from the start of the defrosting
operation until a transition is made to an operation prior-
itizing air-warming and/or an operation prioritizing de-
frosting, and is an extremely short time compared to the
second defrosting time tah.

[0083] Next, when the defrosting operation has transi-
tioned from step ST2 to step ST3 satisfies an air-warming
prioritizing condition, the sequence transitions to the
process of step ST4, and controlis performed for deciding
the opening degrees of the indoor expansion valves 41a,
41b and the opening degree of the outdoor expansion
valve 24 so that an operation prioritizing air-warming is
performed. The air-warming prioritizing condition is a
condition for determining whether or not the current state
is not ensuring the air-warming capabilities of the indoor
heat exchangers 42a, 42b. The air-warming prioritizing
condition is concluded to be satisfied herein in cases in
which the time is within the first defrosting time taj (a time
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shorter than the second defrosting time tah) from the start
of the defrosting operation the start of the defrosting op-
eration, a predetermined time tdef2 has elapsed from the
start of the defrosting operation the transition to step ST3,
and the condensation temperature Tc is less than a
threshold temperature Trdef (the same as the threshold
temperature Trdef in the air-warming/defrosting prioritiz-
ing start condition described above) obtained from the
indoor temperature Tr. The time tdef2 herein is a standby
time for maintaining the opening degree holding state of
step ST3. When the air-warming prioritizing condition is
satisfied during the process of step ST3, the sequence
transitions to the process of step ST4, the opening de-
grees of the indoor expansion valves 41a, 41b are in-
creased (by an opening degree AMVrd2 herein), the
opening degree of the outdoor expansion valve 24 is re-
duced (by an opening degree AMVod2 herein), and the
sequence returns to the process of step ST3. As de-
scribed above, the outdoor-side control part 38 herein
determines whether or not the air-warming prioritizing
condition (including the determination according to the
threshold temperature Trdef) is satisfied and/or decides
the opening degrees of the indoor expansion valves 41a,
41b and the opening degree of the outdoor expansion
valve 24. Specifically, until the elapse of the first defrost-
ing time taj from the start of the defrosting operation the
start of the defrosting operation (the initial period of the
defrosting operation), the opening degrees of the indoor
expansion valves 41a, 41b are appropriately decided
herein on the basis of the correlation between the con-
densation temperature Tc and the indoor temperature
Tr. By repeating this process of step ST3, the air-warming
prioritizing condition determination, and step ST4, it is
possible to perform the defrosting operation while prior-
itizing that the air-warming capabilities of the indoor heat
exchangers 42a, 42b are ensured with increased open-
ing degrees of the indoor expansion valves 41a, 41b and
a reduced opening degree of the outdoor expansion
valve 24, until the elapse of the first defrosting time taj
from the start of the defrosting operation the start of the
defrosting operation (i.e. in the initial period of the de-
frosting operation) as shown in FIG. 9.

[0084] Next, when the defrosting operation transition-
ing from step ST2 to step ST3 satisfies a defrosting pri-
oritizing condition, the sequence transitions to the proc-
ess of step ST5, and control is performed for deciding
the opening degrees of the indoor expansion valves 41a,
41b and the opening degree of the outdoor expansion
valve 24 so that an operation prioritizing defrosting is
performed. The defrosting prioritizing condition is a con-
dition for determining whether or not the current state is
not ensuring the defrosting capability of the outdoor heat
exchanger 23. The defrosting prioritizing condition is sat-
isfied in cases in which the first defrosting time taj has
elapsed from the start of the defrosting operation the start
of the defrosting operation, a predetermined time tdef3
has elapsed from the start of the defrosting operation the
transition to step ST3, and an outdoor heat exchange
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outlet temperature Tol2, which is the temperature of the
refrigerant in the outlet of the outdoor heat exchanger
23, is less than a predetermined defrosting operation in-
termediate temperature Tdefm (a temperature equal to
or less than a defrosting operation ending temperature
Tdefe for determining whether or not the defrosting op-
eration has ended). The time tdef3 herein is a standby
time for maintaining the opening degree holding state of
step ST3. When the defrosting prioritizing condition is
satisfied during the process of step ST3, the sequence
transitions to the process of step ST5, the opening de-
grees of the indoor expansion valves 41a, 41b are re-
duced (by an opening degree AMVrd3 herein), the open-
ing degree of the outdoor expansion valve 24 is increased
(by an opening degree AMVod3 herein), and the se-
quence returns to the process of step ST3. Determining
whether or not the defrosting prioritizing condition is sat-
isfied and/or deciding the opening degrees of the indoor
expansion valves 41a, 41b and the opening degree of
the outdoor expansion valve 24 herein is done by the
outdoor-side control part 38, as described above. Spe-
cifically, after the first defrosting time taj has elapsed from
the start of the defrosting operation the start of the de-
frosting operation (i.e., after the defrosting operation pri-
oritizing air-warming has ended), the opening degrees
oftheindoor expansionvalves 41a, 41b are appropriately
decided herein on the basis of the outdoor heat exchange
outlettemperature Tol2. By repeating this process of step
ST3, the defrosting prioritizing condition determination,
and step ST5, itis possible to make a transition from an
operation prioritizing air-warming to an operation priori-
tizing defrosting by reducing the opening degrees of the
indoor expansion valves 41a, 41b and increasing the
opening degree of the outdoor expansion valve 24 to
reduce the air-warming capabilities of the indoor heat
exchangers 42a, 42b and increase the defrosting capa-
bility of the outdoor heat exchanger 23, after the first de-
frosting time taj has elapsed from the start of the defrost-
ing operation the start of the defrosting operation as
shown in FIG. 9.

[0085] Next, when the second defrosting time tah has
elapsed from the start of the defrosting operation the start
of the defrosting operation, the defrosting operation (in-
cluding an operation prioritizing air-warming and/or an
operation prioritizing defrosting), having transitioned
from step ST2 to step ST3, returns to the process of step
ST1, the opening degrees of the indoor expansion valves
41a, 41b are returned to the initial opening degree MVrd1
for the defrosting operation, and the opening degree of
the outdoor expansion valve 24 is returned to the initial
opening degree MVod1 for the defrosting operation.
Therefore, the opening degrees of the indoor expansion
valves 41a, 41b decrease more rapidly and the opening
degree of the outdoor expansion valve 24 increases more
rapidly than when the opening degrees of the indoor ex-
pansion valves 41a, 41b and the opening degree of the
outdoor expansion valve 24 are altered by the process
of steps ST4 and ST5, an operation prioritizing defrosting
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is therefore promoted even further until the defrosting
operation is ended either by the outdoor heat exchange
outlet temperature Tol2 being equal to or greater than a
predetermined defrosting operation ending temperature
Tdefe or by a predetermined defrosting operation ending
time tdefe elapsing, and defrosting of the outdoor heat
exchanger 23 can be reliably ended.

(4) Modification 1

[0086] In the above embodiment, the time required for
defrosting is affected by heat radiation loss from the heat
storage medium and/or the devices constituting the re-
frigerant circuit 10, and this time therefore tends to be
longer as the outdoor temperature Ta is lower. Therefore,
the first defrosting time taj, which is the time during which
an operation prioritizing air-warming is performed, is also
preferably decided on the basis of the outdoor tempera-
ture Ta.

[0087] In view of this, the first defrosting time taj is de-
signed herein to be decided on the basis of the outdoor
temperature Ta.

[0088] Specifically, first, the second defrosting time tah
is decided as a function of the outdoor temperature Ta,
such as the function shown in the following formula 1.

tah = Ta + tahO ...(formula 1)

The value tah herein is a standard value of the second
defrosting time tah. According to formula 1, the second
defrosting time tah is shorter as the outdoor temperature
Tais lower. The defrosting operation thereby has a short-
er time for the operation prioritizing defrosting by means
of steps ST3 and ST5 described above, and a longer
time for the operation (until the defrosting operation ends
from the elapse of the second defrosting time tah) for
setting to the opening degrees of the indoor expansion
valves 41a, 41b (= MVrd1) and the opening degree of
the outdoor expansion valve 24 (= MVod1) in step ST1
described above.

[0089] Thefirstdefrostingtime tajis thendecided using
the second defrosting time tah decided by formula 1, and
the following formula 2.

taj = tah — tah1 ...(formula 2)

The value tah1 herein is equivalent to the time for per-
forming an operation prioritizing defrosting by means of
steps ST3 and ST5 described above. According to for-
mulas 1 and 2, the first defrosting time taj is shorter as
the outdoor temperature Ta is lower. The defrosting op-
eration thereby has a shorter time for an operation prior-
itizing air-warming by means of steps ST3 and ST4 de-
scribed above.

[0090] The first defrosting time taj for performing an
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operation prioritizing air-warming is thereby decided
herein onthe basis ofthe outdoortemperature Ta, where-
by a longer operation prioritizing defrosting is performed,
and the defrosting of the outdoor heat exchanger 23 can
be reliably ended.

[0091] The first defrosting time taj and the second de-
frosting time tah are both herein decided on the basis of
the outdoor temperature Ta, butit is also possible for the
first defrosting time taj alone to be decided on the basis
of the outdoor temperature Ta.

(5) Modification 2

[0092] In the above embodiment and Modification 1,
the air-warming operation is performed during the de-
frosting operation accompanying the heat-storage-utiliz-
ing operation. In this case, when the opening degrees of
the indoor expansion valves 41a, 41b become too large,
the refrigerantin the outlets of the indoor heatexchangers
42a, 42b readily reaches the gas-liquid two-phase state.
Refrigerant in a gas state then readily fills the refrigerant
pipes (such as the liquid refrigerant communication pipe
6 herein) connecting the outlet sides (liquid sides) of the
indoor heat exchangers 42a, 42b and the inlet side (liquid
side) of the heat storage heat exchanger 28 functioning
as an evaporator of the refrigerant. In cases in which no
receiver is provided to the portion connecting the outlet
sides (liquid sides) of the indoor heat exchangers 42a,
42b and the inlet side (liquid side) of the heat storage
heat exchanger 28 functioning as an evaporator of the
refrigerant, as is the case in the refrigerant circuit 10,
there is a risk of so-called liquid backflow occurring, in
which the liquid refrigerant returns to the compressor 21
via the heat storage heat exchanger 28. When liquid
backflow occurs, a tendency for the degree of superheat-
ing SHd of the refrigerant discharged from the compres-
sor 21 to decrease is observed.

[0093] In view of this, the outdoor-side control part 38
herein is designed to determine, on the basis of the de-
gree of superheating SHd of the refrigerant discharged
from the compressor 21, that liquid backflow is occurring
due to the opening degrees of the indoor expansion
valves 41a, 41b being too large. The degree of super-
heating SHd of the refrigerant discharged from the com-
pressor 21 is calculated herein from the discharge pres-
sure Pd detected by the discharge pressure sensor 32
and the discharge temperature Td detected by the dis-
charge temperature sensor 34. More specifically, the dis-
charge pressure Pd is first converted to a refrigerant sat-
uration temperature to obtain the condensation temper-
ature Tc. The degree of superheating SHd is then found
by subtracting the condensation temperature Tc from the
discharge temperature Td.

[0094] Specifically, the outdoor-side control part 38 de-
termines that liquid backflow is occurring when the de-
gree of superheating SHd is lower than a threshold de-
gree of superheating during the above-described defrost-
ing operation control, as shown in FIG. 10. The opening
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degrees of the indoor expansion valves 41a, 41b are re-
duced as necessary.

[0095] First, in the air-warming/defrosting prioritizing
start condition, which is the condition for transitioning
from step ST1 to step ST2, a further condition that the
degree of superheating SHd be equal to or greater than
a first threshold degree of superheating SHd1 is added
as the condition for transitioning from step ST1 to step
ST2. Itis thereby possible to prevent transition to an op-
eration prioritizing air-warming (the process of steps ST3
and ST4), which has a risk of the opening degrees of the
indoor expansion valves 41a, 41b being too large, during
the process of step ST1, or in other words in a state in
which the opening degrees of the indoor expansion
valves 41a, 41b have been set to the initial opening de-
gree MVrd1 and the opening degree of the outdoor ex-
pansion valve 24 has been set to the initial opening de-
gree MVod1.

[0096] During the process of step ST1, when a prede-
termined time tdef4 (a standby time from the start of the
defrosting operation until the transition to the next proc-
ess) has elapsed from the start of the defrosting operation
and the degree of superheating SHd is less than a pre-
determined third threshold degree of superheating SHd3,
it is determined that liquid backflow is occurring in the
compressor 21 and the sequence transitions to the proc-
ess of step ST6. The third threshold degree of superheat-
ing SHA3 herein is set to a value lower than the first
threshold degree of superheating SHd1. In step ST6, the
opening degrees of the indoor expansion valves41a,41b
are set to a liquid-backflow-eliminating opening degree
MVrd4 (an opening degree less than the initial opening
degree MVrd1), and the opening degree of the outdoor
expansion valve 24 is set to a liquid-backflow-eliminating
opening degree MVod4 (herein the same opening degree
as the initial opening degree MVod1). The liquid backflow
in the compressor 21 is thereby eliminated. When the
liquid backflow in the compressor 21 is eliminated and
the degree of superheating SHd is equal to or greater
than the predetermined third threshold degree of super-
heating SHd3, the sequence returns again to the process
of step ST1, or in other words to a state in which the
opening degrees of the indoor expansion valves41a,41b
have been set to the initial opening degree MVrd1 and
the opening degree of the outdoor expansion valve 24
has been set to the initial opening degree MVod1.
[0097] Furthermore, during the process of steps ST2
to ST5, it is determined that liquid backflow is occurring
in the compressor 21 when the degree of superheating
SHd is less than a predetermined second threshold de-
gree of superheating SHd2, the process of steps ST2 to
ST5 is terminated even if the second defrosting time tah
has not elapsed from the start of the defrosting operation,
and the sequence returns to the process of step ST1, or
in other words to a state in which the opening degrees
of the indoor expansion valves 41a, 41b have been set
to the initial opening degree MVrd1 and the opening de-
gree of the outdoor expansion valve 24 has been set to
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the initial opening degree MVod1. The liquid backflow in
the compressor 21 is thereby eliminated.

[0098] It is thereby possible herein to perform the air-
warming operation while appropriately determining
whether or not the opening degrees of the indoor expan-
sion valves 41a, 41b have become too large during the
defrosting operation accompanying the heat-storage-uti-
lizing operation.

INDUSTRIAL APPLICABILITY

[0099] The presentinvention 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 the heat storage medium can be performed by
causing the heat storage heat exchanger to function as
a heat radiator of the refrigerant, and an air-warming op-
eration and a heat-storage-utilizing operation for radiat-
ing heat from the heat storage medium can be performed
simultaneously by causing the heat storage heat ex-
changer to function as an evaporator of the refrigerant
during a defrosting operation.

REFERENCE SIGNS LIST

[0100]

1 Air conditioning apparatus
2 Outdoor unit

4a, 4b Indoor units

10 Refrigerant circuit

21 Compressor

23 Outdoor heat exchanger
24 Outdoor expansion valve
28 Heat storage heat exchanger
38 Outdoor-side control part
41a, 41b  Indoor expansion valves
42a,42b  Indoor heat exchangers
48a, 48b  Indoor-side control parts
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Laid-open Patent Application  No.

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-
ers (42a, 42b), and a heat storage heat exchanger
(28) for performing heat exchange between a refrig-
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erant and a heat storage medium, the air condition-
ing apparatus being configured to perform 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,
during a defrosting operation for defrosting the out-
door heat exchanger by causing the outdoor heat
exchanger to function as a heat radiator of the re-
frigerant, simultaneously perform a heat-storage-uti-
lizing operation for radiating heat from the heat stor-
age medium by causing the heat storage heat ex-
changer to function as an evaporator of the refriger-
ant and an air-warming operation for causing the in-
door heat exchangers to function as heat radiators
of the refrigerant; wherein

the refrigerant circuit also has indoor expansion
valves (41a, 41b) for varying the flow rate of the
refrigerant flowing through the indoor heat ex-
changers, and an outdoor expansion valve (24)
for varying the flow rate of the refrigerant flowing
through the outdoor heat exchanger;

the indoor heat exchangers and the indoor ex-
pansion valves are provided to indoor units (4a,
4b); and

the outdoor heat exchanger and the outdoor ex-
pansion valve are provided to an outdoor unit
2);

characterized in that

the indoor units have indoor-side control parts
(48a, 48b) for deciding the opening degrees of
the indoor expansion valves when only the air-
warming operation is performed; and

the outdoor unit has an outdoor-side control part
(38) for deciding the opening degree of the out-
door expansion valve when only the air-warming
operation is performed and deciding the opening
degrees of the indoor expansion valves and the
opening degree of the outdoor expansion valve
when the air-warming operation is performed
during the defrosting operation accompanying
the heat-storage-utilizing operation;

when the air-warming operation is performed
during the defrosting operation accompanying
the heat-storage-utilizing operation, the opening
degrees of the indoor expansion valves (41a,
41b) are decided by the outdoor-side control part
(38) on the basis of the correlation between the
condensation temperature of the refrigerant in
the refrigerant circuit (10) and the indoor tem-
peratures of the spaces being air-conditioned
by the indoor units (4a, 4b), until a first defrosting
time (taj) elapses from the start of the defrosting
operation.

2. Theair conditioning apparatus (1) according to claim

1, wherein
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when the condensation temperature is lower
than a threshold temperature obtained from the
indoor temperatures, the outdoor-side control
part (38) is configured to determine that the air-
warming capabilities of the indoor heat exchang-
ers (42a, 42b) are not being ensured, and to
increase the opening degrees of the indoor ex-
pansion valves (41a, 41b) so that the air-warm-
ing capabilities of the indoor heat exchangers
(42a, 42b) are ensured.

3. Theairconditioning apparatus (1) according to claim

1 or 2, wherein

after the first defrosting time has elapsed from
the start of the defrosting operation, the opening
degrees of the indoor expansion valves (41a,
41b) and the outdoor expansion valve (24) are
altered by the outdoor-side control part (38) so
that the air-warming capabilities of the indoor
heat exchangers (42a, 42b) decrease and the
defrosting capability of the outdoor heat ex-
changer (23) increases.

The air conditioning apparatus (1) according to claim
1, 2 or 3, wherein

the first defrosting time is decided on the basis
of the outdoor temperature of the external space
where the outdoor unit (2) is disposed.

The air conditioning apparatus (1) according to any
one of claims 1 through 4, wherein

during the defrosting operation, whether or not
the opening degrees of the indoor expansion
valves (41a, 41b) are too large is determined on
the basis of the degree of superheating of the
refrigerant discharged from the compressor
(21).

Patentanspriiche

1.

Klimatisierungsvorrichtung (1), die einen Kaltemit-
telkreislauf (10) aufweist, der einen Verdichter (21),
einen AuRenwarmetauscher (23), Innenwarmetau-
scher (42a, 42b) und einen Warmespeicher-Warme-
tauscher (28) zum Durchfiihren eines Warme-
tauschs zwischen einem Kaltemittel und einem War-
mespeichermedium aufweist, wobei die Klimatisie-
rungsvorrichtung konfiguriert ist, einen Warme-
speicherbetrieb zum Speichern von Warme im War-
mespeichermedium durchzufiihren, indem bewirkt
wird, dass der Warmespeicher-Warmetauscher als
ein Warmeradiator des Kaltemittels dient, und indem
wahrend eines Entfrostungsbetriebs zum Entfrosten
des AulRenwarmetauschers bewirkt wird, dass der
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AuBenwarmetauscher als ein Warmeradiator des
Kaltemittels dient, gleichzeitig einen Warmespei-
chernutzungsbetrieb zum Abstrahlen von Warme
aus dem Warmespeichermedium, indem bewirkt
wird, dass der Warmespeicher-Warmetauscher als
ein Verdampfer des Kaltemittels dient, und einen
Lufterwdrmungsbetrieb durchzufiihren, um zu be-
wirken, dass die Innenwérmetauscher als Warme-
radiatoren des Kaltemittels deinen; wobei der Kalte-
mittelkreislauf auflerdem Innenexpansionsventile
(41a, 41b) zum Verandern des Durchflusses des
Kaltemittels, das durch die Innenwarmetauscher
flie3t, und ein AuBenexpansionsventil (24) zum Ver-
andern des Durchflusses des Kaltemittels aufweist,
das durch den AuRenwarmetauscher flief3t;

die Innenwarmetauscher und die Innenexpansions-
ventile fir Inneneinheiten (4a, 4b) vorgesehen sind;
und

der AuBenwarmetauscher und das Aulienexpansi-
onsventil fir eine AufReneinheit (2) vorgesehen sind;
dadurch gekennzeichnet, dass

die Inneneinheiten Innenseiten-Steuerteile (48a,
48b) aufweisen zum Festlegen der Offnungsgrade
der Innenexpansionsventile, wenn nur der Lufter-
warmungsbetrieb durchgefiihrt wird; und

die AuBeneinheit ein AuRenseiten-Steuerteil (38)
zum Festlegen des Offnungsgrads des AuRenex-
pansionsventils, wenn nur der Lufterwdrmungsbe-
trieb durchgefiihrt wird, und zum Festlegen der Off-
nungsgrade der Innenexpansionsventile und des
Offnungsgrads des AuRenexpansionsventils auf-
weist, wenn der Lufterwdrmungsbetrieb wahrend
des Entfrostungsbetriebs durchgefiihrt wird, der mit
dem Warmespeichernutzungsbetrieb einhergeht;
wenn der Lufterwarmungsbetrieb wahrend des Ent-
frostungsbetriebs durchgefiihrt wird, der mit dem
Warmespeichernutzungsbetrieb einhergeht, die Off-
nungsgrade der Innenexpansionsventile (41a, 41b)
durch den AuRenseiten-Steuerteil (38) auf der
Grundlage der Korrelation zwischen der Kondensa-
tionstemperatur des Kaltemittels im Kaltemittelkreis-
lauf (10) und den Innentemperaturen der Raume
festgelegt werden, die durch die Inneneinheiten (4a,
4b) klimatisiert werden, bis eine erste Entfrostungs-
zeit (taj) vom Beginn des Entfrostungsbetriebs ver-
streicht.

Klimatisierungsvorrichtung (1) nach Anspruch 1, wo-
bei

wenn die Kondensationstemperatur niedriger als ei-
ne Schwellentemperatur ist, die aus den Innentem-
peraturen erhalten wird, das AuRenseiten-Steuerteil
(38) konfiguriert ist festzustellen, dass die Lufterwar-
mungsfahigkeiten der Innenwarmetauscher (42a,
42b) nicht sichergestellt sind, und die Offnungsgrade
der Innenexpansionsventile (41a, 41b) zu erhéhen,
so dass die Lufterwarmungsfahigkeiten der Innen-
warmetauscher (42a, 42b) sichergestellt werden.
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Klimatisierungsvorrichtung (1) nach Anspruch 1
oder 2, wobei

nachdem die erste Entfrostungszeit vom Beginn des
Entfrostungsbetriebs verstrichen ist, die Offnungs-
grade der Innenexpansionsventile (41a, 41b) und
des AulRenexpansionsventils (24) durch den AulRen-
seiten-Steuerteil (38) so gedndert werden, dass die
Lufterwdrmungsfahigkeiten der Innenwarmetau-
scher (42a, 42b) abnehmen und die Entfrostungsfa-
higkeit des AulRenwarmetauschers (23) zunimmt.

Klimatisierungsvorrichtung (1) nach Anspruch 1, 2
oder 3, wobei

die erste Entfrostungszeit auf der Grundlage der Au-
Rentemperatur des AulRenraums festgelegt wird, wo
die Aufleneinheit (2) angeordnet ist.

Klimatisierungsvorrichtung (1) nach einem der An-
spriiche 1 bis 4, wobei

wahrend des Entfrostungsbetriebs auf der Grundla-
ge des Grads der Uberhitzung des Kaltemittels, das
aus dem Verdichter (21) ausgestoRRen wird, festge-
stellt wird, ob die Offnungsgrade der Innenexpansi-
onsventile (41a, 41b) zu grof3 sind.

Revendications

Climatiseur (1), comprenant un circuit de fluide fri-
gorigéne (10) avec un compresseur (21), un échan-
geur de chaleur extérieur (23), des échangeurs de
chaleurintérieurs (42a, 42b) etun échangeur de cha-
leur a accumulation de chaleur (28) destiné a effec-
tuer un échange de chaleur entre un fluide frigorige-
ne et un fluide accumulateur de chaleur, ledit clima-
tiseur étant prévu pour exécuter un processus d’ac-
cumulation de chaleur destiné a accumuler la cha-
leur dans le fluide accumulateur de chaleur en fai-
sant fonctionner I’échangeur de chaleur a accumu-
lation de chaleur comme un radiateur thermique du
fluide frigorigéne, et, pendant un fonctionnement de
dégivrage destiné a dégivrer 'échangeur de chaleur
extérieur en faisant fonctionner I'échangeur de cha-
leur extérieur comme radiateur thermique du fluide
frigorigéne, exécuter simultanément un processus
d’utilisation de chaleur accumulée pour irradier la
chaleur du fluide accumulateur de chaleur en faisant
fonctionner I'échangeur de chaleur a accumulation
de chaleur comme évaporateur du fluide frigorigéne,
et un processus de chauffage d’air - pour faire fonc-
tionner les échangeurs de chaleur intérieurs comme
radiateurs thermiques du fluide frigorigene ; ou le
circuit de fluide frigorigéne présente également des
vannes de détente intérieures (41a, 41b) pour mo-
difier le débit du fluide frigorigéne s’écoulant par les
échangeurs de chaleur intérieurs, et une vanne de
détente extérieure (24) pour modifier le débit du flui-
de frigorigéne s’écoulant par I'échangeur de chaleur
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extérieur ;

les échangeurs de chaleur intérieurs et les vannes
de détente intérieures sont prévues sur des unités
intérieures (4a, 4b) ; et

I'échangeur de chaleur extérieur et la vanne de dé-
tente extérieure sont prévues sur une unité extérieu-
re (2) ; caractérisé en ce que

les unités intérieures présentent des parties de com-
mande c6té intérieur (48a, 48b) pour définir les de-
grés d’ouverture des vannes de détente intérieures
quand seul le processus de chauffage d'air est
exécuté ; et

'unité extérieure présente une section de comman-
de coté extérieur (38) pour définir le degré d’ouver-
ture de la vanne de détente extérieure quand seul
le processus de chauffage d’air est exécuté, et définir
les degrés d’ouverture des vannes de détente inté-
rieures et le degré d’ouverture de lavanne de détente
extérieure quand le processus de chauffage d’air est
exécuté pendant le fonctionnement de dégivrage ac-
compagnant le processus d'utilisation de chaleur
accumulée ;

quand le processus de chauffage d’air est exécuté
pendant le fonctionnement de dégivrage accompa-
gnant le processus d'utilisation de chaleur accumu-
lée, les degrés d’ouverture des vannes de détente
intérieures (41a, 41b) sont définis par la section de
commande cbté extérieur (38) sur la base de la cor-
rélation entre latempérature de condensation du flui-
defrigorigene dans le circuit de fluide frigorigéne (10)
et les températures intérieures des espaces clima-
tisés par les unités intérieures (4a, 4b), jusqu’a ce
qu’un premier temps de dégivrage (taj) soit écoulé
depuis le début du fonctionnement de dégivrage.

Climatiseur (1) selon la revendication 1, ou,

quand la température de condensation est inférieure
a un seuil de température obtenu des températures
intérieures, la section de commande c6té extérieur
(38) est prévue pour déterminer que les capacités
de chauffage d’air des échangeurs de chaleur inté-
rieurs (42a, 42b) ne sont pas assurées, et pour aug-
menter les degrés d’ouverture des vannes de déten-
te intérieures (41a, 41b) de maniére a assurer les
capacités de chauffage d’air des échangeurs de cha-
leur intérieurs (42a, 42b).

Climatiseur (1) selon la revendication 1 ou la reven-
dication 2, ou,

apres écoulement du premier temps de dégivrage
depuis le début du fonctionnement de dégivrage, les
degrés d’ouverture des vannes de détente intérieu-
res (41a, 41b) et de la vanne de détente extérieure
(24) sont changés par la section de commande coté
extérieur (38) de maniére a réduire les capacités de
chauffage d’air des échangeurs de chaleur intérieurs
(42a, 42b) et a augmenter la capacité de dégivrage
de I'échangeur de chaleur extérieur (23).

10

15

20

25

30

35

40

45

50

55

18

4. Climatiseur (1) selon la revendication 1, la revendi-

cation 2 ou la revendication 3, ou

le premier temps de dégivrage est défini sur la base
de la température extérieure de I'espace extérieur
quand l'unité extérieure (2) est présentée.

Climatiseur (1) selon 'une des revendications 1 a 4,
ou, pendant le fonctionnement de dégivrage, il est
déterminé sur la base du degré de surchauffe du
fluide frigorigéne évacué du compresseur (21) si les
degrés d’ouverture des vannes de détente intérieu-
res (41a, 41b) sont excessifs ou non.
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