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(54) REGENERATIVE AIR CONDITIONER

(57)  Arefrigerant circuit (11) includes a primary ther-
mal storage channel (44) to which a thermal storage sec-
tion (60) is connected, and an intermediate suction por-
tion (35) through which the refrigerant having an inter-
mediate pressure between high and low pressures in the
refrigerant circuit (11) is taken into a compressor section
(22, 80). The refrigerant circuit (11) performs a first utili-
zation heating operation in which part of the refrigerant
which has been condensed in an indoor heat exchanger

FIG. 1

(72) is diverged into the primary thermal storage channel
(44), is evaporated in the thermal storage section (60),
and is then taken into the intermediate suction portion
(35) of the compressor section (22, 80), and simultane-
ously, the rest of the refrigerant which has been con-
densed in the indoor heat exchanger (72) is evaporated
in an outdoor heat exchanger (23), and is then taken into
alow-pressure suction portion (28, 84) of the compressor
section (22, 80).
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a thermal stor-
age air conditioner.

BACKGROUND ART

[0002] Air conditioners which cool and heat a room
have been known. Patent document 1 discloses a ther-
mal storage air conditioner using a thermal storage me-
dium. The thermal storage air conditioner has a refriger-
ant circuit to which a compressor section, an outdoor
heat exchanger, and an indoor heat exchanger are con-
nected, and a thermal storage section which exchanges
heat between a refrigerant in the refrigerant circuit and
the thermal storage medium. For example, FIG. 9 of Pat-
ent Document 1 discloses a utilization heating operation
which utilizes warm thermal energy stored in the thermal
storage medium to heat a room. In this utilization heating
operation, the refrigerant that has been compressed by
the compressor is condensed by a plurality of indoor heat
exchangers, has its pressure reduced by a pressure-re-
ducing valve, and flows through the thermal storage sec-
tion. In the thermal storage section, the refrigerant ab-
sorbs heat from the thermal storage medium and evap-
orates. The warm thermal energy of the thermal storage
medium is given to the refrigerant in this manner.

CITATION LIST
PATENT DOCUMENT

[0003] Patent Document 1: Japanese Unexamined
Patent Publication No. 2007-17089

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0004] In the utilization heating operation disclosed in
FIG. 9 of Patent Document 1, all of the refrigerant con-
densed in the indoor heat exchanger flows through the
thermal storage section. The thermal storage section
therefore needs to store alarge amount of warm thermal
energy in the thermal storage medium to evaporate all
the refrigerant.

[0005] In view of the foregoing background, it is there-
fore an object of the present invention to provide a ther-
mal storage air conditioner capable of performing an en-
ergy-efficient utilization heating operation while reducing
an amount of warm thermal energy (i.e., an amount of
thermal energy stored) given to a refrigerant from a ther-
mal storage medium.
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SOLUTION TO THE PROBLEM

[0006] A firstaspectofthe presentinventionis directed
to a regenerative air conditioner including refrigerant cir-
cuit (11) to which a compressor section (22, 80) which
compresses a refrigerant, an outdoor heat exchanger
(23), and an indoor heat exchanger (72) are connected;
and a thermal storage section (60) in which heat is ex-
changed between the refrigerant in the refrigerant circuit
(11) and a thermal storage medium. The refrigerant cir-
cuit (11) includes a primary thermal storage channel (44)
to which a thermal storage section (60) is connected, and
an intermediate suction portion (35) through which the
refrigerant having an intermediate pressure between
high and low pressures in the refrigerant circuit (11) is
taken into a compressor section (22, 80). The refrigerant
circuit (11) performs a first utilization heating operation
inwhich part of the refrigerant which has been condensed
in the indoor heat exchanger (72) is diverged into the
primary thermal storage channel (44), is evaporated in
the thermal storage section (60), and is then taken into
the intermediate suction portion (35) of the compressor
section (22, 80), and simultaneously, a rest of the refrig-
erant which has been condensed in the indoor heat ex-
changer (72) is evaporated in the outdoor heat exchanger
(23), and then taken into a low-pressure suction portion
(28, 84) of the compressor section (22, 80).

[0007] In the first utilization heating operation of the
first aspect of the invention, the refrigerant discharged
from the compressor section (22, 80) is condensed in the
indoor heat exchanger (72). As a result, air is heated by
the refrigerant in the indoor heat exchanger (72), and the
room is heated. Part of the refrigerant condensed in the
indoor heat exchanger (72) flows through the primary
thermal storage channel (44), and evaporates in the ther-
mal storage section (60). That is, the warm thermal en-
ergy of the thermal storage medium is given to the refrig-
erant in the thermal storage section (60). The refrigerant
to which the heat in the thermal storage medium is given
in the thermal storage section (60) is taken into the inter-
mediate suction portion (35) of the compressor section
(22, 80). The rest of the refrigerant which has been con-
densed in the indoor heat exchanger (72) evaporates in
the outdoor heat exchanger (23), receives heat from the
outdoor air, and is taken into the low-pressure suction
portion (28, 84) of the compressor section (22, 80).
[0008] In this manner, in the first utilization heating op-
eration, only part of the refrigerant which has been con-
densed in the indoor heat exchanger (72) flows through
the thermal storage section (60), and the rest of the re-
frigerant flows through the outdoor heat exchanger (23)
without flowing through the thermal storage section (60).
This configuration reduces the amount of refrigerant flow-
ing through the thermal storage section (60). The amount
of thermal energy stored in the thermal storage medium
that is necessary to evaporate the refrigerant is accord-
ingly reduced. Further, the refrigerant which has evapo-
rated in the thermal storage section (60) is taken into the
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intermediate suction portion (35) of the compressor sec-
tion (22, 80). The refrigerant which has evaporated in the
outdoor heat exchanger (23) is taken into the low-pres-
sure suction portion (28, 84) of the outdoor heat exchang-
er (23). Thus, in the compressor section (22, 80), the
overall workloads required to compress the refrigerant
to a high pressure are reduced.

[0009] A second aspect of the present invention is an
embodiment of the first aspect. In the second aspect, the
refrigerant circuit (11) performs a second utilization heat-
ing operation in which all of the refrigerant which has
been condensed in the indoor heat exchanger (72) flows
into the primary thermal storage channel (44), is evapo-
rated in the thermal storage section (60), and is then tak-
en into the low-pressure suction portion (28, 84) of the
compressor section (22, 80).

[0010] In the refrigerant circuit (11) of the second as-
pect of the invention, the first utilization heating operation
is switched to the second utilization heating operation.
For example, suppose that the temperature of the ther-
mal storage medium declines due to the execution of the
first utilization heating operation. In such a condition, the
second utilization heating operation may be preferred to
the first utilization heating operation in some cases.
[0011] For example, suppose that the temperature of
the thermal storage medium declines to almost an out-
side-air temperature. In the first utilization heating oper-
ation performed under such a condition, the evaporation
temperature (or the evaporating pressure) of the refrig-
erant also declines in the thermal storage section (60)
because the temperature of the thermal storage medium
is relatively low. In the first utilization heating operation
under such a condition, the difference (MP-LP) between
the pressure MP of the refrigerant which has evaporated
in the thermal storage section (60) and the pressure LP
of the refrigerant which has evaporated in the outdoor
heatexchanger (23) is lower than a predetermined value.
In the first utilization heating operation under such a con-
dition, the pressure MP of the refrigerant to be taken into
the intermediate suction portion (35) is low. Therefore
this refrigerant is hard to be taken into the intermediate
suction portion (35) (i.e., the portion of the compressor
section (22, 80) in the middle of a compression process).
Further, under the condition in which the pressure differ-
ence (MP-LP) is small, great workloads are required to
compress the intermediate-pressure refrigerant. Thus,
workloads of the compressor section (22, 80) cannot be
reduced sufficiently.

[0012] To address this inconvenience, the present in-
vention allows the second utilization heating operation
to be performed under the condition described above. In
the second utilization heating operation, all of the refrig-
erant which has been condensed in the indoor heat ex-
changer (72) evaporates in the thermal storage section
(60), and is taken into the low-pressure suction portion
(28, 84) of the compressor section (22, 80). Thus, even
if the refrigerant which has evaporated in the thermal
storage section (60) has a low pressure MP, this refrig-
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erant may be taken into the compressor section (22, 80)
with reliability.

[0013] Athird aspectoftheinventionis an embodiment
of the second aspect. In the third aspect, the refrigerant
circuit (11) includes a low-pressure introduction pipe (31)
which communicates a liquid line (L1) of the refrigerant
circuit (11) with the low-pressure suction portion (28, 84)
of the compressor section (22, 80) and has a pressure-
reducing valve (EV1), and a first heat exchanger (32)
which, in a cooling operation, exchanges heat between
the refrigerant, the pressure of which has been reduced
by the pressure-reducing valve (EV1) of the low-pressure
introduction pipe (31), and the refrigerant flowing through
the liquid line (L1). In the refrigerant circuit (11) in the
second utilization heating operation, at least part of the
refrigerant which has been evaporated in the thermal
storage section (60) passes through the fully-opened
pressure-reducing valve (EV1) of the low-pressure intro-
duction pipe (31), and is taken into the low-pressure suc-
tion portion (28, 84) of the compressor section (22, 80).
[0014] Inthe third aspect of the invention, the low-pres-
sure introduction pipe (31) is connected to the refrigerant
circuit (11). The low-pressure introduction pipe (31) con-
nects the liquid line (L1) of the refrigerant circuit (11) and
the low-pressure suction portion (24, 84) of the compres-
sor section (22, 80). In a cooling operation, heat is ex-
changed between the refrigerant flowing through the lig-
uid line (L1) and the refrigerant, the pressure of which
has been reduced by the pressure-reducing valve (EV1)
of the low-pressure introduction pipe (31). As a result,
the degree of subcooling of the refrigerant flowing
through the liquid line (L1) increases, and the cooling
capacity is improved.

[0015] Inthe second utilization heating operation of the
presentinvention, the low-pressure introduction pipe (31)
also serves as a flow channel which introduces the re-
frigerant evaporated in the thermal storage section (60)
to the low-pressure suction portion (28, 84) of the com-
pressor section (22, 80). That is, all of the refrigerant
which has been condensed in the indoor heat exchanger
(72) evaporates in the thermal storage section (60) in the
second utilization heating operation. The evaporated
low-pressure refrigerant flows through the low-pressure
introduction pipe (31), and is taken into the low-pressure
suction portion (28, 84) of the compressor section (22,
80).

[0016] A fourth aspect of the invention is an embodi-
ment of the third aspect. In the fourth aspect, In the re-
frigerant circuit (11) in the second utilization heating op-
eration, part of the refrigerant which has been evaporated
in the thermal storage section (60) passes through the
fully-opened pressure-reducing valve (EV1) of the low-
pressure introduction pipe (31), and is taken into the low-
pressure suction portion (28, 84) of the compressor sec-
tion (22, 80), and simultaneously, a rest of the refrigerant
which has been evaporated in the thermal storage sec-
tion (60) passes through the outdoor heat exchanger
(23), and is taken into the low-pressure suction portion
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(28, 84) of the compressor (22).

[0017] In the fourth aspect of the invention, the low-
pressure introduction pipe (31) and the outdoor heat ex-
changer (23) also serve as a flow channel which intro-
ducestherefrigerant which has evaporated in the thermal
storage section (60) into the low-pressure suction portion
(28, 84) of the compressor section (22, 80). That is, all
ofthe refrigerant which has been condensed in the indoor
heat exchanger (72) evaporates in the thermal storage
section (60) in the second utilization heating operation.
Part of the evaporated low-pressure refrigerant flows
through the low-pressure introduction pipe (31), and the
rest of the refrigerant flows through the outdoor heat ex-
changer (23). These refrigerants are taken into the low-
pressure suction portion (28, 84) of the compressor sec-
tion (22, 80).

[0018] A fifth aspect of the invention is an embodiment
of the fourth aspect. In the fifth aspect, the regenerative
air conditioner includes an outdoor fan (26) which trans-
fers air passing through the outdoor heat exchanger (23)
and which is stopped in the second utilization heating
operation.

[0019] In the fifth aspect of the invention, the outdoor
fan (26) is stopped in the second utilization heating op-
eration. Thus, even if the refrigerant which has evapo-
rated in the thermal storage section (60) flows through
the outdoor heat exchanger (23), the heat exchange be-
tween the refrigerant and the outdoor air may not be ac-
celerated. That is, heat loss of the refrigerant dissipated
to the air may be reduced.

[0020] Asixthaspectoftheinventionisanembodiment
of any one of the first to fifth aspects. In the sixth aspect,
the compressor section (22, 80) is configured as a single-
stage compressor (22), and the intermediate suction por-
tion (35) communicates with a compression chamber of
the single-stage compressor (22) in the middle of a com-
pression process.

[0021] In the sixth aspect of the invention, the com-
pressor section (22, 80) is configured as a single-stage
compressor section (22). In the first utilization heating
operation, the intermediate-pressure refrigerant which
has evaporated in the thermal storage section (60) is
taken into the compression chamber of the compressor
(22) in the middle of the compression process.

[0022] A seventh aspect of the invention is an embod-
iment of the sixth aspect. In the seventh aspect, a check
valve (CV1) is connected to the intermediate suction por-
tion (35), the check valve (CV1) preventing the refrigerant
from flowing in a direction from the compressor (22) to-
ward the thermal storage section (60) in the first utilization
heating operation.

[0023] In the seventh aspect of the invention, the in-
termediate suction portion (35) is provided with the check
valve (CV1). In the first utilization heating operation, part
of the refrigerant which has evaporated in the thermal
storage section (60) passes through the check valve
(CV1), and is taken into the compressor (22). That is, the
check valve (CV1) in the first utilization heating operation
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allows the refrigerant to flow in the direction from the ther-
mal storage section (60) to the compressor (22). On the
other hand, the check valve (CV1) in the first utilization
heating operation prevents the refrigerant from flowing
in the direction from the compressor (22) to the thermal
storage section (60).

[0024] In the single-stage compressor (22), the inter-
mediate-pressure refrigerant is introduced to the com-
pression chamber in the middle of the compression proc-
ess through the intermediate suction portion (35). How-
ever, as described above, when the pressure MP of the
refrigerant which has evaporated in the thermal storage
section (60) is low, the pressure MP may be lower than
the internal pressure of the compression chamber in the
middle of the compression process. In such a case, the
refrigerant in the compression chamber in the middle of
the compression process may flow back to the primary
thermal storage channel (44) from the intermediate suc-
tion portion (35). In the present invention, such a back-
flow does not occur since the intermediate suction portion
(35) is provided with the check valve (CV1).

[0025] An eighth aspect of the invention is an embod-
iment of the seventh aspect. In the eighth aspect, the
intermediate suction pipe (35) includes an inner pipe por-
tion (36) located inside a casing (22a) of the compressor
(22), and the check valve (CV1) is located at the inner
pipe portion (36).

[0026] In the eighth aspect of the invention, the inner
pipe portion (36) of the intermediate suction portion (35)
is located inside the casing (22a) of the compressor (22).
The inner pipe portion (36) is provided with the check
valve (CV1). This configuration may achieve a shorter
channel length (channel capacity) from the check valve
(CV1) to the compression chamber of the compressor
(22) in the middle of the compression process, thereby
making it possible to reduce a so-called dead volume
that does not contribute to the compression of the refrig-
erant.

[0027] A ninth aspect of the invention is an embodi-
ment of any one of the first to fifth aspects. In the ninth
aspect, the compressor section (22, 80) is configured as
a compressor section (80) of a two-stage compression
type, the compressor section (80) having a low-stage
compressor (81) which compresses a low-pressure re-
frigerant, and a high-stage compressor (82) which further
compresses the refrigerant which has been compressed
in the low-stage compressor (81) in the first utilization
heating operation, and the intermediate suction portion
(35) communicates with a suction pipe (86) of the high-
stage compressor (82).

[0028] In the ninth aspect of the invention, the com-
pressor section (22, 80) is configured as a compressor
section (80) of a two-stage compression type. Thatis, in
the first utilization heating operation, the low-pressure
refrigerantis compressed to an intermediate pressure by
the low-stage compressor (81). This refrigerant having
an intermediate-pressure is further compressed to a high
pressure in the high-stage compressor (82). In the first
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utilization heating operation, the intermediate-pressure
refrigerant which has evaporated in the thermal storage
section (60) is taken into the high-stage compressor (82)
through the intermediate suction portion (35). This con-
figuration reduces the workload of compression by the
low-stage compressor (81).

[0029] A tenth aspect of the invention is an embodi-
ment of any one of the first to ninth aspects. In the tenth
aspect, the refrigerant circuit (11) includes an intermedi-
ate introduction pipe (91) which communicates a liquid
line (L1) of the refrigerantcircuit (11) with the intermediate
suction portion (35) and has a pressure-reducing valve
(EV5), and a second heat exchanger (92) which ex-
changes heat between the refrigerant flowing through
the liquid line (L1) after being condensed in the indoor
heat exchanger (72) and the refrigerant having a pres-
sure reduced by the pressure-reducing valve (EV5) of
the intermediate introduction pipe (91). In the refrigerant
circuit (11) in the first utilization heating operation, the
refrigerant which is controlled to be in a wet-vapor state
by the pressure-reducing valve (EV5) of the intermediate
introduction pipe (91) is mixed with the refrigerant which
has been evaporated in the thermal storage section (60),
and is taken into the intermediate suction portion (35).
[0030] In the tenth aspect of the invention, the inter-
mediate introduction pipe (91) is connected to the refrig-
erant circuit (11). In the first utilization heating operation,
part of the refrigerant which has been condensed in the
indoor heat exchanger (72) evaporates in the thermal
storage section (60), and simultaneously, the rest of the
refrigerant which has been condensed in the indoor heat
exchanger (72) flows through the liquid line (L1). The
refrigerant flowing through the liquid line (L1) flows
through the intermediate introduction pipe (91), and the
pressure thereof is reduced by the pressure-reducing
valve (EV5). In the second heat exchanger (92), heat is
exchanged between the pressure-reduced refrigerant
and the refrigerantin the liquid line (L1). Here, the degree
of opening of the pressure-reducing valve (EV5) is ad-
justed such that the refrigerant flowing out of the inter-
mediate introduction pipe (91) is in a wet-vapor state.
Thus, if the refrigerant which has flowed out of the inter-
mediate introduction pipe (91) and the refrigerant which
has evaporated in the thermal storage section (60) are
mixed together, the refrigerant to be taken into the inter-
mediate suction portion (35) has a smaller degree of su-
perheat. As a result, the compression efficiency of the
high-stage compressor (82) is improved.

[0031] An eleventh aspect of the invention is an em-
bodiment of any one of the first to tenth aspects. In the
eleventh aspect, The control section (60) includes a ther-
mal storage circuit (61) to which a thermal storage tank
(62) and a thermal storage heat exchanger (63) are con-
nected and in which the thermal storage medium circu-
lates, the thermal storage tank (62) accumulating the
thermal storage medium, and the thermal storage heat
exchanger (63) exchanging heat between the refrigerant
in the refrigerant circuit (11) and the thermal storage me-
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dium.

[0032] Inthe eleventh aspect of the invention, the ther-
mal storage section (60) includes the thermal storage
circuit (61) in which the thermal storage medium circu-
lates. For example, warm thermal energy is stored in the
thermal storage medium when heat is exchanged in the
thermal storage heat exchanger (63) between the refrig-
erant having a relatively high temperature and the ther-
mal storage medium. The thermal storage medium in
which the warm thermal energy is stored in this manner
is accumulated in the thermal storage tank (62). In the
first utilization heating operation, heat of the thermal stor-
age medium stored as the warm thermal energy is given
to part of the refrigerant which has been condensed in
the indoor heat exchanger (72). In the first utilization heat-
ing operation, not all of the refrigerant which has been
condensed in the indoor heat exchanger (72) flows
through the thermal storage heat exchanger (63). Thus,
the amount of warm thermal energy that should be stored
in the thermal storage medium may be reduced.

ADVANTAGES OF THE INVENTION

[0033] According to the first aspect of the invention,
only part of the refrigerant which has been condensed in
the indoor heat exchanger (72) evaporates in the thermal
storage section (60) in the first utilization heating opera-
tion. Thus, the amount of warm thermal energy that
should be stored in the thermal storage section (60) may
be reduced. Further, in the first utilization heating oper-
ation, the refrigerant which has evaporated in the thermal
storage section (60) is taken into the intermediate suction
portion (35) of the compressor section (22, 80). Thus,
the compression workloads of the compressor section
(22, 80) may be reduced, and the energy efficiency of
the thermal storage air conditioner may be improved. Ac-
cording to the present invention, the compression effi-
ciency of the compressor section (22, 80) may be im-
proved because the degree of superheat of the refriger-
ant taken into the compressor section (22, 80) does not
become excessively large.

[0034] According tothe second aspect of the invention,
a heating operation can be performed while utilizing the
warm thermal energy of the thermal storage medium of
the thermal storage section (60), even under a condition
in which the difference (MP-LP) between the evaporating
pressure MP of the refrigerant in the thermal storage sec-
tion (60) and the evaporating pressure LP of the refrig-
erant in the outdoor heat exchanger (23) is relatively
small.

[0035] According to the third aspect of the invention,
the degree of subcooling of the refrigerant may be in-
creased using the first heat exchanger (32) in a cooling
operation. Thus, the energy efficiency in the cooling op-
eration may be improved. The low-pressure introduction
pipe (31) serves as a flow channel for subcooling during
the cooling operation, and as a flow channel for taking
the refrigerant which has evaporated in the thermal stor-
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age section (60) during the second utilization heating op-
eration into the low-pressure suction portion (28, 84) of
the compressor section (22, 80). Thus, the number of
pipes can be reduced. If all the refrigerant which has
evaporated in the thermal storage section (60) is trans-
ferred to the low-pressure suction portion (28, 84) of the
compressor section (22, 80) via the outdoor heat ex-
changer (23) in the second utilization heating operation,
the refrigerant flowing through the outdoor heat exchang-
er (23) dissipates more heat to the outdoor air, which
increases the heat loss in the second utilization heating
operation. On the other hand, according to the present
invention, the refrigerant which has evaporated in the
thermal storage section (60) bypasses the outdoor heat
exchanger (23) before it is taken into the low-pressure
suction portion (28, 84) of the compressor section (22,
80). Thus, such an increase in the heat loss may be pre-
vented.

[0036] According to the fourth aspect of the invention,
the refrigerant which has evaporated in the thermal stor-
age section (60) flows to both of the low-pressure intro-
duction pipe (31) and the outdoor heat exchanger (23)
before itis transferred to the low-pressure suction portion
(28, 84) in the second utilization heating operation. Thus,
the pressure loss of the refrigerant may be reduced, and
therefore the power to actuate the compressor section
(22, 80) may be reduced, compared with a case in which
the refrigerant flows into only one of the introduction pipe
(31) and the outdoor heat exchanger (23).

[0037] According to the fifth aspect of the invention,
the outdoor fan (26) is stopped in the second utilization
heating operation. Thus, the heat loss of the refrigerant
in the outdoor heat exchanger (23) may be reduced re-
liably.

[0038] According to the sixth aspect of the invention,
the advantages in the first aspect of the invention may
be obtained in the thermal storage air conditioner using
a single-stage compressor (22). In particular, according
to the seventh aspect of the invention, the check valve
(CV1) may reliably prevent the refrigerant from flowing
back in the direction from the intermediate suction portion
(35) ofthe compressor (22) to the thermal storage section
(60) in the first utilization heating operation. Thus, the
warm thermal energy of the thermal storage medium of
the thermal storage section (60) may be reliably utilized
to heat the room. Moreover, according to the eighth as-
pect of the invention, a dead volume of the compression
chamber of the compressor (22) may be minimized,
thereby making it possible to prevent decline in the com-
pression efficiency.

[0039] According to the ninth aspect of the invention,
the advantages in the first aspect of the invention may
be obtained in the thermal storage air conditioner using
a two-stage compressor section (80).

[0040] According to the tenth aspect of the invention,
the refrigerant which has evaporated in the thermal stor-
age section (60) and the refrigerant which has been
turned into a wet-vapor state in the second heat exchang-
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er (92) are mixed together. Thus, the degree of superheat
of the refrigerant taken into the intermediate suction por-
tion (35) may be reduced, and the compression efficiency
of the high-stage compressor (82) may be improved.
[0041] According to the eleventh aspect of the inven-
tion, the amount of warm thermal energy (i.e., the amount
of thermal energy stored) in the thermal storage medium
necessary to heat the refrigerant may be reduced. Thus,
the thermal storage tank (62) may be downsized.

BRIEF DESCRIPTION OF THE DRAWINGS
[0042]

[FIG. 1] FIG. 1 is a piping diagram generally illustrat-
ing a configuration of a thermal storage air condition-
er according to a first embodiment.

[FIG. 2] FIG. 2 is a view corresponding to FIG. 1
illustrating the behavior of a simple cooling opera-
tion.

[FIG. 3] FIG. 3 is a view corresponding to FIG. 1
illustrating the behavior of a cold thermal energy stor-
age operation.

[FIG. 4] FIG. 4 is a view corresponding to FIG. 1
illustrating the behavior of a utilization cooling oper-
ation.

[FIG. 5] FIG. 5 is a view corresponding to FIG. 1
illustrating the behavior of a cooling and cold thermal
energy storage operation.

[FIG. 6] FIG. 6 is a view corresponding to FIG. 1
illustrating the behavior of a simple heating opera-
tion.

[FIG. 7] FIG. 7 is a view corresponding to FIG. 1
illustrating the behavior of a warm thermal energy
storage operation.

[FIG. 8] FIG. 8 is a view corresponding to FIG. 1
illustrating a first utilization heating operation (or a
utilization heating operation (1)).

[FIG. 9] FIG. 9 is a view corresponding to FIG. 1
illustrating a heating and warm thermal energy stor-
age operation.

[FIG. 10] FIG. 10 is a view corresponding to FIG. 1
illustrating a second utilization heating operation (or
a utilization heating operation (2)) according to the
first embodiment.

[FIG. 11] FIG. 11 is a view corresponding to FIG. 1
illustrating a second utilization heating operation (or
a utilization heating operation (3)) according to the
first embodiment.

[FIG. 12] FIG. 12 is a view corresponding to FIG. 1
illustrating a second utilization heating operation (or
a utilization heating operation (4)) according to the
first embodiment.

[FIG. 13] FIG. 13 is a piping diagram generally illus-
trating a configuration of a thermal storage air con-
ditioner according to a second embodiment.

[FIG. 14] FIG. 14 is a piping diagram generally illus-
trating a configuration of an air conditioner installed
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already and prior to adding a thermal storage unit
thereto.

[FIG. 15] FIG. 15 is a view corresponding to FIG. 13
illustrating a first utilization heating operation (or a
utilization heating operation (1)) according to the
second embodiment.

[FIG. 16] FIG. 16 is a view corresponding to FIG. 13
illustrating a second utilization heating operation (or
a utilization heating operation (2)) according to the
second embodiment.

[FIG. 17] FIG. 17 is a piping diagram generally illus-
trating a configuration of a thermal storage air con-
ditioner according to a variation of the second em-
bodiment, illustrating a first utilization heating oper-
ation (or a utilization heating operation (1)).

DESCRIPTION OF EMBODIMENTS

[0043] Embodiments of the present invention will be
described in detail below, with reference to the drawings.
Note that the following description of the embodiments
is merely beneficial examples in nature, and is not in-
tended to limit the scope, application, or uses of the
present disclosure.

(First Embodiment of The Invention)

[0044] Athermalstorage air conditioner (10) according
to a first embodiment of the present invention selectively
performs cooling and heating of aroom. The thermal stor-
age air conditioner (10) stores cold thermal energy of a
refrigerant in a thermal storage medium, and utilizes this
cold thermal energy for cooling the room. The thermal
storage air conditioner (10) stores warm thermal energy
of the refrigerant in the thermal storage medium, and
utilizes this warm thermal energy for heating the room.

<General Configuration>

[0045] As illustrated in FIG. 1, the thermal storage air
conditioner (10) is comprised of an outdoor unit (20), a
thermal storage unit (40), and a plurality of indoor units
(70). The outdoor unit (20) and the thermal storage unit
(40) are installed outside of aroom. The plurality ofindoor
units (70) are installed in the room. For the sake of con-
venience, only one indoor unit (70) is illustrated in FIG. 1.
[0046] The outdoor unit(20)includes an outdoor circuit
(21). The thermal storage unit (40) includes an interme-
diate circuit (41). The indoor unit (71) includes an indoor
circuit (71). In the thermal storage air conditioner (10),
the outdoor circuit (21) and the intermediate circuit (41)
are connected to each other via three communication
pipes (12, 13, 14), and the intermediate circuit (41) and
the plurality of indoor circuits (71) are connected to each
other via two communication pipes (15, 16). Thus, the
thermal storage air conditioner (10) forms a refrigerant
circuit (11) inwhich arefrigerantfilling the thermal storage
air conditioner (10) circulates to perform a refrigeration
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cycle. The thermal storage air conditioner (10) has a con-
troller (100) (an operation control section) which controls
various devices, which will be described later.

<Qutdoor Unit>

[0047] The outdoorunit(20)includes an outdoor circuit
(21) which forms part of the refrigerant circuit (11). A com-
pressor (22), an outdoor heat exchanger (23), an outdoor
expansion valve (24), and a four-way switching valve (25)
are connected to the outdoor circuit (21). A first subcool-
ing circuit (30) and an intermediate suction pipe (35) are
connected to the outdoor circuit (21).

[Compressor]

[0048] The compressor (22) of the present embodi-
ment is a single-stage compressor, and forms a com-
pression section which compresses the refrigerant and
discharges the compressed refrigerant. The compressor
(22) has a casing (22a), in which a motor and a compres-
sion mechanism (not shown) are housed. The compres-
sion mechanism of the first embodiment is configured as
a scroll compression mechanism. However, the com-
pression mechanism may be any one of various types
such as oscillating piston, rolling piston, screw, and turbo
compressors. The compression mechanism includes a
compression chamber between a spiral-shaped fixed
scroll and a movable scroll. The refrigerant is com-
pressed as the capacity of the compression chamber
gradually decreases. The motor of the compressor (22)
has a variable operating frequency which is varied by an
inverter section. That is, the compressor (22) is an in-
verter compressor, the rotational frequency (i.e., the ca-
pacity) of which is variable.

[Outdoor Heat Exchanger]

[0049] The outdoor heat exchanger (23) is configured
as a cross-fin-and-tube heat exchanger, for example. An
outdoor fan (26) is provided adjacent to the outdoor heat
exchanger (23). The outdoor heat exchanger (23) ex-
changes heat between the air transferred by the outdoor
fan (26) and the refrigerant flowing through the outdoor
heat exchanger (23).

[Outdoor Expansion Valve]

[0050] The outdoor expansion valve (24) is arranged
between a liquid-side end of the outdoor heat exchanger
(23) and a connection end of the communication pipe
(12). The outdoor expansion valve (24) is configured, for
example, as an electronic expansion valve, and adjusts
the flow rate of the refrigerant by changing the degree of
opening of the valve.
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[Four-Way Switching Valve]

[0051] The four-way switching valve (25) has first to
fourth ports. The first port of the four-way switching valve
(25) is connected to the discharge pipe (27) of the com-
pressor (22). The second port of the four-way switching
valve (25) is connected to a suction pipe (28) (a low-
pressure suction portion) of the compressor (22). The
third port of the four-way switching valve (25) is connect-
ed to a gas-side end of the outdoor heat exchanger (23).
The fourth port of the four-way switching valve (25) is
connected to a connection end of the communication
pipe (14).

[0052] The four-way switching valve (25) is configured
to switch between a state in which the first port and the
third port communicate with each other and the second
port and the fourth port communicate with each other
(i.e., afirst state indicated by solid lines in FIG. 1) and a
state in which the first port and the fourth port communi-
cate with each other and the second port and the third
port communicate with each other (i.e., a second state
indicated by broken lines in FIG. 1).

[First Subcooling Circuit]

[0053] The first subcooling circuit (30) includes a first
introduction pipe (31) and a first subcooling heat ex-
changer (32). One end of the first introduction pipe (31)
is connected between the outdoor expansion valve (24)
and the connection end of the communication pipe (12).
The other end of the first introduction pipe (31) is con-
nected to the suction pipe (28) of the compressor (22).
In other words, the first introduction pipe (31) forms a
low-pressure introduction pipe connecting a liquid line
(L1) and the suction pipe (28) on the low-pressure side
of the compressor (22). Here, the liquid line (L1) is a
channel extending between the liquid-side end of the out-
door heat exchanger (23) and a liquid-side end of the
indoor heat exchanger (72). A first pressure-reducing
valve (EV1) and a first heat transfer channel (33) are
connected to the first introduction pipe (31) so as to be
arranged sequentially in a direction from one end to the
other end of the first introduction pipe (31). The first pres-
sure-reducing valve (EV1) is configured, for example, as
an electronic expansion valve, and adjusts the degree of
subcooling of the refrigerant at the exit of the second heat
transfer channel (34) by changing the degree of opening
of the valve. The first subcooling heat exchanger (32)
forms a first heat exchanger which exchanges heat be-
tween the refrigerant flowing through the second heat
transfer channel (34) and the refrigerant flowing through
the first heat transfer channel (33). The second heat
transfer channel (34) is provided on the liquid line (L1)
of the refrigerant circuit (11) between the outdoor expan-
sion valve (24) and the connection end of the communi-
cation pipe (12).
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[Intermediate Suction Pipe]

[0054] The intermediate suction pipe (35) forms an in-
termediate suction portion which introduces a refrigerant
with an intermediate pressure to the compression cham-
ber of the compressor (22) in the middle of a compression
process. The starting end of the intermediate suction pipe
(35) is connected to the connection end of the commu-
nication pipe (13), and the terminal end of the interme-
diate suction pipe (35) is connected to the compression
chamber of the compression mechanism of the compres-
sor (22). The intermediate suction pipe (35) includes an
inner pipe portion (36) located inside the casing (22a) of
the compressor (22). The internal pressure of the inter-
mediate suction pipe (35) basically corresponds to an
intermediate pressure between the high and low pres-
sures of the refrigerant circuit (11). A first solenoid valve
(SV1) and a check valve (CV1) are connected to the in-
termediate suction pipe (35) so as to be arranged se-
quentially from the upstream to downstream side. The
first solenoid valve (SV1) is an open/close valve for open-
ing and closing the channel. The check valve (CV1) al-
lows the refrigerant to flow in a direction (the arrow di-
rection in FIG. 1) from a primary thermal storage channel
(44) (which will be described in detail later) toward the
compressor (22), and prohibits the refrigerant from flow-
ing in a direction from the compressor (22) toward the
primary thermal storage channel (44).

<Thermal Storage Unit>

[0055] The thermal storage unit (40) forms a junction
unit which intervenes between the outdoor unit (20) and
the indoor unit (70). The thermal storage unit (40) in-
cludes an intermediate circuit (41) which forms part of
the refrigerant circuit (11). A primary liquid pipe (42), a
primary gas pipe (43), and the primary thermal storage
channel (44) are connected to the intermediate circuit
(41). A second subcooling circuit (50) is connected to the
intermediate circuit (41). The thermal storage unit (40)
includes a thermal storage device (60).

[Primary Liquid Pipe]

[0056] The primary liquid pipe (42) forms part of the
liquid line (L1). The primary liquid pipe (42) connects a
connection end of the communication pipe (12) and a
connection end of the communication pipe (15). Asecond
solenoid valve (SV2) is connected to the primary liquid
pipe (42). The second solenoid valve (SV2) is an
open/close valve for opening and closing the channel.

[Primary Gas Pipe]

[0057] The primary gas pipe (43) forms part of a gas
line (L2). Here, the gas line (L2) is a channel extending
between the fourth port of the four-way switching valve
(25) and a gas-side end of the indoor heat exchanger
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(72). The primary gas pipe (43) connects a connection
end of the communication pipe (14) and a connection
end of the communication pipe (16).

[Primary Thermal Storage Channel]

[0058] The primary thermal storage channel (44) is
connected between the primary liquid pipe (42) and the
primary gas pipe (43). One end of the primary thermal
storage channel (44) is connected between the connec-
tion end of the communication pipe (12) and the second
solenoid valve (SV2). A third solenoid valve (SV3), a pre-
heating-side refrigerant channel (64b), a thermal storage
expansion valve (45), a thermal storage-side refrigerant
channel (63b), and a fourth solenoid valve (SV4) are con-
nected to the primary thermal storage channel (44) so
as to be arranged sequentially in a direction from the
primary liquid pipe (42) to the primary gas pipe (43). The
third solenoid valve (SV3) and the fourth solenoid valve
(SV4) are open/close valves for opening and closing the
channels. The thermal storage expansion valve (45) is
configured, for example, as an electronic expansion
valve, and adjusts the pressure of the refrigerant by
changing the degree of opening of the valve.

[0059] A first bypass pipe (44a) which bypasses the
thermal storage expansion valve (45) is connected to the
primary thermal storage channel (44). A fifth solenoid
valve (SV5) is connected to the first bypass pipe (44a)
in parallel with the thermal storage expansion valve (45).
The fifth solenoid valve (SV5) is an open/close valve for
opening and closing the channel. A pressure release
valve (RV) is connected to the primary thermal storage
channel (44) in parallel with the thermal storage expan-
sion valve (45).

[Second Subcooling Circuit]

[0060] The second subcooling circuit (50) includes a
second introduction pipe (51) and a second subcooling
heat exchanger (52). One end of the second introduction
pipe (51) is connected between the second solenoid
valve (SV2) and a connection end of the communication
pipe (15). The other end of the second introduction pipe
(51) is connected to the primary gas pipe (43). The sec-
ond introduction pipe (51) is connected to the primary
gas pipe (43) between the junction of the primary thermal
storage channel (44) with the primary gas pipe (43) and
the connection end of the communication pipe (16). A
second pressure-reducing valve (EV2) and a third heat
transfer channel (53) are connected to the second intro-
duction pipe (51) so as to be arranged sequentially in a
direction from one end to the other end of the second
introduction pipe (51). The second pressure-reducing
valve (EV2) is configured, for example, as an electronic
expansion valve, and adjusts the degree of subcooling
of the refrigerant at the exit of the fourth heat transfer
channel (54) by changing the degree of opening of the
valve. The second subcooling heat exchanger (52) ex-
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changes heat between the refrigerant flowing through
the fourth heat transfer channel (54) and the refrigerant
flowing through the third heat transfer channel (53). The
fourth heat transfer channel (54) is provided on the pri-
mary liquid pipe (42) between the second solenoid valve
(SV2) and the connection end of the communication pipe
(15). The second subcooling circuit (50) forms a subcool-
er which prevents the refrigerant flowing through the
communication pipe (15) from vaporizing and being
flushed in a utilization and cooling operation and a utili-
zation and cold thermal energy storage operation, which
will be described in detail later.

[Other Pipes]

[0061] Anintermediate junction pipe (46), afirstbranch
pipe (47), a second branch pipe (48), and a third branch
pipe (49) are connected to the intermediate circuit (41).
One end of the intermediate junction pipe (46) is con-
nected ata portion of the primary thermal storage channel
(44) between the third solenoid valve (SV3) and the pre-
heating-side refrigerant channel (64b). The other end of
the intermediate junction pipe (46) is connected to the
intermediate suction pipe (35) via the communication
pipe (13). One end of the first branch pipe (47) is con-
nected to a portion of the primary thermal storage channel
(44) between the thermal storage-side refrigerant chan-
nel (63b) and the fourth solenoid valve (SV4).

[0062] The other end of the first branch pipe (47) is
connected to the primary gas pipe (43) between the junc-
tion of the primary thermal storage channel (44) with the
primary gas pipe (43) and the junction of the second in-
troduction pipe (51) with the primary gas pipe (43). The
third pressure-reducing valve (EV3) is connected to the
first branch pipe (47). The third pressure-reducing valve
(EV3) is configured, for example, as an electronic expan-
sion valve, and adjusts the pressure of the refrigerant by
changing the degree of opening of the valve. The degree
of opening of the third pressure-reducing valve (EV3) is
adjusted to prevent the pressure of the thermal storage
heat exchanger (63) from becoming excessively low due
to a difference between an evaporating pressure in the
indoor heat exchanger (72) and a pressure in the gas
pipe (41) caused by a pressure loss of the communication
pipe (16) and/or a head difference depending on instal-
lation conditions of the indoor unit (70) and the outdoor
unit (20).

[0063] The second branch pipe (48) and the third
branch pipe (49) are connected to the primary liquid pipe
(42) and the primary thermal storage channel (44) in par-
allel with each other. One end of the second branch pipe
(48) and one end of the third branch pipe (49) are con-
nected to portions of the primary thermal storage channel
(44) between the thermal storage-side refrigerant chan-
nel (63b) and the fourth solenoid valve (SV4). The other
end of the second branch pipe (48) and the other end of
the third branch pipe (49) are connected to portions of
the primary liquid pipe (42) between the second solenoid
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valve (SV2) and the junction of the second introduction
pipe (51) with the primary liquid pipe (42). The fourth
pressure-reducing valve (EV4) is connected to the sec-
ond branch pipe (48). The fourth pressure-reducing valve
(EV4) is configured, for example, as an electronic expan-
sion valve, and adjusts the pressure of the refrigerant by
changing the degree of opening of the valve. A sixth so-
lenoid valve (SV6) is connected to the third branch pipe
(49). The sixth solenoid valve (SV6) is an open/close
valve for opening and closing the channel.

[Thermal Storage Device]

[0064] Thethermalstorage device (60)formsathermal
storage section in which heat is exchanged between the
refrigerant of the refrigerant circuit (11) and the thermal
storage medium. The thermal storage device (60) has a
thermal storage circuit (61) and a thermal storage tank
(62) connected to the thermal storage circuit (61). The
thermal storage device (60) has the thermal storage heat
exchanger (63) and the preheating heat exchanger (64).
[0065] The thermal storage circuit (61) is a closed cir-
cuit in which the thermal storage medium filling the ther-
mal storage circuit (61) circulates. The thermal storage
tank (62) is a hollow cylindrical vessel. The thermal stor-
age tank (62) may be an open vessel. The thermal stor-
age medium is accumulated in the thermal storage tank
(62). An outflow pipe (65) is connected to an upper portion
of the thermal storage tank (62) to allow the thermal stor-
age medium in the thermal storage tank (62) to flow out
of the tank. An inflow pipe (66) is connected to a lower
portion of the thermal storage tank (62), for leading the
thermal storage medium present outside the thermal
storage tank (62) into the thermal storage tank (62). In
other words, in the thermal storage tank (62), the junction
of the outflow pipe (65) is located higher than the junction
of the inflow pipe (66). A preheating-side thermal storage
channel (64a), a pump (67), and a thermal storage-side
thermal storage channel (63a) are connected to the ther-
mal storage circuit (61) so as to be arranged sequentially
from the outflow pipe (65) toward the inflow pipe (66).
[0066] The preheating heat exchanger (64) is config-
ured to exchange heat between the thermal storage me-
dium flowing through the preheating-side thermal stor-
age channel (64a) and the refrigerant flowing through the
preheating-side refrigerant channel (64b). The thermal
storage heat exchanger (63) is configured to exchange
heat between the thermal storage medium flowing
through the thermal storage-side thermal storage chan-
nel (63a) and the refrigerant flowing through the thermal
storage-side refrigerant channel (63b). The pump (67) is
configured to circulate the thermal storage medium in the
thermal storage circuit (61).

[Thermal Storage Medium]

[0067] Now, the thermal storage medium filling the
thermal storage circuit (61) will be described in detail. A
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thermal storage material in which clathrate hydrates are
generated when cooled, that is, a thermal storage mate-
rial having flow properties, is adopted as the thermal stor-
age medium. The thermal storage medium can be such
a medium in which a solid component is generated when
cooled to a temperature higher than 0°C and lower than
20°C, for example. The solid componentis a component
which undergoes phase ftransitions (i.e., latent heat
changes) from liquid at its melting point and is generating
heat. Examples of the thermal storage medium include
tetra-n-butyl ammonium bromide (TBAB) aqueous solu-
tion, trimethylolethane (TME) aqueous solution, and par-
affin-based slurry. For example, the state as an aqueous
solution of a tetra-n-butyl ammonium bromide aqueous
solution is maintained even if itis cooled in a stable man-
ner and turns into a subcooled state in which the tem-
perature of the aqueous solution is lower than a hydrate
formation temperature. However, once some trigger is
givenin this subcooled state, the subcooled solution tran-
sitions to a solution containing clathrate hydrates (i.e.,
transitions to slurry). That is, the subcooled state of the
tetra-n-butyl ammonium bromide aqueous solution is
changed to the state of slurry with relatively high viscosity
due to the generation of clathrate hydrates (hydrate crys-
tals) made of tetra-n-butyl ammonium bromide and water
molecules. The subcooled state as used herein refers to
a state in which clathrate hydrates are not generated and
the state of solution is maintained even when the thermal
storage medium reaches a temperature lower than or
equal to the hydrate formation temperature. On the other
hand, the tetra-n-butyl ammonium bromide aqueous so-
lution in the state of slurry is changed to the state of liquid
(i.e., a solution) with relatively high flow properties due
to melting of the clathrate hydrates, if the temperature of
the aqueous solution becomes higher, by heating, than
the hydrate formation temperature.

[0068] In the present embodiment, a tetra-n-butyl am-
monium bromide aqueous solution containing tetra-n-
butyl ammonium bromide is adopted as the thermal stor-
age medium. In particular, it is recommended that the
thermal storage medium has a concentration close to a
congruent concentration. In the presentembodiment, the
congruent concentration is set to about40%. In this case,
the hydrate formation temperature of the tetra-n-butyl
ammonium bromide aqueous solution is about 12°C.

<Indoor Unit>

[0069] Each ofthe plurality ofindoor units (70) includes
the indoor circuit (71) which forms part of the refrigerant
circuit (11). The plurality of indoor circuits (71) are con-
nected in parallel with each other between the commu-
nication pipe (15) (a liquid pipe) and the communication
pipe (16) (a gas pipe). The plurality of indoor circuits (71)
and the above-described primary thermal storage chan-
nel (44) are connected in parallel with one another be-
tween the liquid line (L1) and the gas line (L2). The indoor
heat exchanger (72) and the indoor expansion valve (73)
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are connected to each indoor circuit (71) so as to be
arranged sequentially from the gas-side end toward the
liquid-side end.

[Indoor Heat Exchanger]

[0070] The indoor heat exchanger (72) is configured,
for example, as a cross-fin-and-tube heat exchanger. An
indoor fan (74) is provided adjacent to the indoor heat
exchanger (72). The indoor heat exchanger (72) ex-
changes heat between the air transferred by the indoor
fan (74) and the refrigerant flowing through the outdoor
heat exchanger (23).

[Indoor Expansion Valve]

[0071] Theindoorexpansion valve (73)is arranged be-
tween a liquid-side end of the indoor heat exchanger (72)
and the connection end of the communication pipe (15).
The indoor expansion valve (73) is configured, for exam-
ple, as an electronic expansion valve, and adjusts the
flow rate of the refrigerant by changing the degree of
opening of the valve.

<Controller>

[0072] Thecontroller (100) serves as an operation con-
trol section which controls various devices. Specifically,
the controller (100) switches between ON and OFF states
of the compressor (22), switches between the states of
the four-way switching valve (25), switches between
opening and closing of each of the solenoid valves (SV1-
SV6), adjusts the degree of opening of each of the ex-
pansion valves (24, 45, 73) and the pressure-reducing
valves (EV1-EV4), switches between ON and OFF states
ofthefans (26, 74), switches between ON and OFF states
of the pump (67), etc. The thermal storage air conditioner
(10) is further provided with various types of sensors not
shown. The controller (100) controls the various devices,
based on values detected by these sensors.

<Operation of Thermal Storage Air Conditioner>

[0073] Operations of the thermal storage air condition-
er (10) according to the first embodiment will be de-
scribed. The thermal storage air conditioner (10) selec-
tively performs a simple cooling operation, a cold thermal
energy storage operation, a utilization cooling operation,
a cooling and cold thermal energy storage operation, a
simple heating operation, a warm thermal energy storage
operation, a utilization heating operation, and a heating
and warm thermal energy storage operation. The con-
troller (100) controls various devices to switch between
these operations.

[Simple Cooling Operation]

[0074] Inthesimple coolingoperation, the thermal stor-
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age device (60) is stopped, and the indoor unit (70) cools
the room. In the simple cooling operation illustrated in
FIG. 2, the four-way switching valve (25) is in the first
state, and the second solenoid valve (SV2), the fourth
solenoid valve (SV4), and the fifth solenoid valve (SV5)
among the first to sixth solenoid valves (SV1-SV6) are
open. The rest of the solenoid valves are closed. The
second pressure-reducing valve (EV2) and the fourth
pressure-reducing valve (EV4) are fully closed. The out-
door expansion valve (24) is fully open. The degrees of
opening of the first pressure-reducing valve (EV1) and
the indoor expansion valve (73) are appropriately adjust-
ed. The compressor (22), the outdoor fan (26) and the
indoor fan (74) are actuated. The thermal storage device
(60) is not actuated since the pump (67) is stopped. In
the simple cooling operation, the refrigerant circuit (11)
performs a refrigeration cycle in which the outdoor heat
exchanger (23) serves as a condenser, the first subcool-
ing heat exchanger (32) as a subcooler, and the indoor
heat exchanger (72) as an evaporator. In the simple cool-
ing operation, the low-pressure gas line (L2) and the pri-
mary thermal storage channel (44) communicate with
each other. Liquid accumulation in the primary thermal
storage channel (44) may thus be prevented.

[0075] The refrigerant discharged from the compres-
sor (22) is condensed by the outdoor heat exchanger
(23). A large part of the condensed refrigerant flows
through the second heat transfer channel (34). The rest
of the condensed refrigerant has its pressure reduced by
the first pressure-reducing valve (EV1) and then flows
through the first heat transfer channel (33). In the first
subcooling heat exchanger (32), the refrigerant in the
second heat transfer channel (34) is cooled by the refrig-
erant in the first heat transfer channel (33). The refriger-
ant which has flowed into the liquid line (L1) has its pres-
sure reduced by the indoor expansion valve (73), and
then evaporates in the indoor heat exchanger (72). The
refrigerant flowing through the gas line (L2) merges with
the refrigerant which has flowed into the first introduction
pipe (31), and is taken into the compressor (22).

[Cold Thermal Energy Storage Operation]

[0076] In the cold thermal energy storage operation,
the thermal storage device (60) is actuated to store cold
thermal energy in the thermal storage medium in the ther-
mal storage tank (62). In the cold thermal energy storage
operation illustrated in FIG. 3, the four-way switching
valve (25) is in the first state, and the second solenoid
valve (SV2), the third solenoid valve (SV3), and the fourth
solenoid valve (SV4) among the first to sixth solenoid
valves (SV1-SV6) are open. The rest of the solenoid
valves are closed. The first pressure-reducing valve
(EV1), the second pressure-reducing valve (EV2), the
third pressure-reducing valve (EV3), the fourth pressure-
reducing valve (EV4), and the indoor expansion valve
(73) are fully closed. The outdoor expansion valve (24)
is fully open. The degree of opening of the thermal stor-
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age expansion valve (45) is appropriately adjusted. The
compressor (22) and the outdoor fan (26) are actuated,
and the indoor fan (74) is stopped. The thermal storage
device (60) is actuated since the pump (67) is in opera-
tion. In the cold thermal energy storage operation, the
refrigerant circuit (11) performs a refrigeration cycle in
which the outdoor heat exchanger (23) serves as a con-
denser, the preheating heat exchanger (64) as a radiator
(a refrigerant cooler), and the thermal storage heat ex-
changer (63) as an evaporator. In the cold thermal energy
storage operation, a surplus refrigerant may be held in
the channel extending from the high-pressure liquid line
(L1) to the indoor unit (70).

[0077] The refrigerant discharged from the compres-
sor (22) is condensed by the outdoor heat exchanger
(23). The condensed refrigerant flows through the pre-
heating-side refrigerantchannel (64b) of the primary ther-
mal storage channel (44). In the preheating heat ex-
changer (64), the thermal storage medium is heated by
the refrigerant. Cores (fine crystals) of the clathrate hy-
drates which have flowed out of the thermal storage tank
(62) are thus melted. The refrigerant cooled in the pre-
heating-side refrigerant channel (64b) has its pressure
reduced in the preheating heat exchanger (64), and then
flows through the thermal storage-side refrigerant chan-
nel (63b). In the thermal storage heat exchanger (63),
the thermal storage medium is cooled by the refrigerant
and evaporates. The refrigerant which has flowed into
the gas line (L2) from the primary thermal storage chan-
nel (44) is taken into the compressor (22). The thermal
storage medium cooled by the thermal storage heat ex-
changer (63) is accumulated in the thermal storage tank
(62).

[Utilization Cooling Operation]

[0078] In the utilization cooling operation, the thermal
storage device (60) is actuated, and the cold thermal en-
ergy of the thermal storage medium stored in the thermal
storage tank (62) is utilized to cool the room. In the utili-
zation cooling operation illustrated in FIG. 4, the four-way
switching valve (25) is in the first state, and the third so-
lenoid valve (SV3), the fifth solenoid valve (SV5), and
the sixth solenoid valve (SV6) among the first to sixth
solenoid valves (SV1-SV6) are open. The rest of the so-
lenoid valves are closed. The first pressure-reducing
valve (EV1) and the fourth pressure-reducing valve (EV4)
are fully closed. The outdoor expansion valve (24) is fully
open. The degrees of opening of the second pressure-
reducing valve (EV2) and the indoor expansion valve (73)
are appropriately adjusted. The compressor (22), the out-
door fan (26) and the indoor fan (74) are actuated. The
thermal storage device (60) is actuated since the pump
(67) is in operation. In the utilization cooling operation,
the refrigerant circuit (11) performs a refrigeration cycle
in which the outdoor heat exchanger (23) serves as a
condenser, the preheating heat exchanger (64), the ther-
mal storage heat exchanger (63), and the second sub-
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cooling heat exchanger (52) as radiators (refrigerant
coolers), and the indoor heat exchanger (72) as an evap-
orator.

[0079] The refrigerant discharged from the compres-
sor (22) is condensed by the outdoor heat exchanger
(23). The condensed refrigerant is cooled by the preheat-
ing heat exchanger (64) of the primary thermal storage
channel (44), passes through the first bypass pipe (44a),
and further cooled by the thermal storage heat exchanger
(63). A large part of the refrigerant which has flowed
through the primary thermal storage channel (44) and
the third branch pipe (49) into the liquid line (L1) flows
through the fourth heat transfer channel (54). The rest of
the refrigerant has its pressure reduced by the second
pressure-reducing valve (EV2) and then flows through
the third heat transfer channel (53). In the second sub-
cooling heat exchanger (52), the refrigerant flowing
through the fourth heat transfer channel (54) is cooled
by the refrigerant in the third heat transfer channel (53).
The refrigerant cooled by the second subcooling heat
exchanger (52) has its pressure reduced by the indoor
expansion valve (73), and then evaporates in the indoor
heat exchanger (72). The refrigerant flowing through the
gas line (L2) merges with the refrigerant which has flowed
out of the second introduction pipe (51), and is taken into
the compressor (22).

[Cooling and Cold Thermal Energy Storage Operation]

[0080] In the cooling and cold thermal energy storage
operation, the thermal storage device (60) is actuated to
store cold thermal energy in the thermal storage medium,
and the room is cooled by the indoor unit (70). In the
cooling and cold thermal energy storage operation illus-
trated in FIG. 5, the four-way switching valve (25) is in
the first state, and the second solenoid valve (SV2), the
third solenoid valve (SV3), and the fourth solenoid valve
(SV4) among the first to sixth solenoid valves (SV1-SV6)
are open. The rest of the solenoid valves are closed. The
first pressure-reducing valve (EV1), the third pressure-
reducing valve (EV3) and the fourth pressure-reducing
valve (EV4) are fully closed. The outdoor expansion valve
(24) is fully open. The degrees of opening of the second
pressure-reducing valve (EV2), the thermal storage ex-
pansion valve (45), and the indoor expansion valve (73)
are appropriately adjusted. The compressor (22), the out-
door fan (26) and the indoor fan (74) are actuated. The
thermal storage device (60) is actuated since the pump
(67) is in operation. In the refrigerant circuit (11) in the
cooling and cold thermal energy storage operation, the
outdoor heat exchanger (23) serves as a condenser, the
preheating heat exchanger (64) and the second subcool-
ing heatexchanger (52) asradiators (refrigerant coolers),
and the thermal storage heat exchanger (63) and the
indoor heat exchanger (72) as evaporators.

[0081] The refrigerant discharged from the compres-
sor (22) is condensed by the outdoor heat exchanger
(23). The condensed refrigerant flows through the sec-
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ond heat transfer channel (34) and is diverged into the
primary thermal storage channel (44) and the primary
liquid pipe (42). The refrigerant in the primary thermal
storage channel (44) heats the thermal storage medium
in the preheating heat exchanger (64), and has its pres-
sure reduced by the thermal storage expansion valve
(45). A large part of the refrigerant in the primary liquid
pipe (42) flows through the fourth heat transfer channel
(54), and the rest of the refrigerant has its pressure re-
duced by the second pressure-reducing valve (EV2) and
then flows through the third heat transfer channel (53).
In the second subcooling heat exchanger (52), the refrig-
erant flowing through the fourth heat transfer channel
(54) is cooled by the refrigerant in the third heat transfer
channel (53). The refrigerant cooled by the second sub-
cooling heat exchanger (52) has its pressure reduced by
the indoor expansion valve (73), and then evaporates in
the indoor heat exchanger (72). The refrigerant flowing
through the gas line (L2) merges with the refrigerant
which has flowed out of the second introduction pipe (51),
and is taken into the compressor (22).

[Simple Heating Operation]

[0082] In the simple heating operation, the thermal
storage device (60) is stopped, and the indoor unit (70)
heatstheroom. Inthe simple heating operationillustrated
in FIG. 6, the four-way switching valve (25) is in the sec-
ond state, and the second solenoid valve (SV2) among
the first to sixth solenoid valves (SV1-SV6) is open. The
rest of the solenoid valves are closed. The first to fourth
pressure-reducing valves (EV1-EV4) and the thermal
storage expansion valve (45) are fully closed. The de-
grees of opening of the indoor expansion valve (73) and
the outdoor expansion valve (24) are appropriately ad-
justed. The compressor (22), the outdoor fan (26) and
the indoor fan (74) are actuated. The thermal storage
device (60) is not actuated since the pump (67) is
stopped. In the simple heating operation, the refrigerant
circuit (11) performs a refrigeration cycle in which the
indoor heat exchanger (72) serves as a condenser, and
the outdoor heat exchanger (23) as an evaporator. The
indoor expansion valve (73) controls the degree of sub-
cooling of the refrigerant at the exit of the indoor heat
exchanger (72).

[0083] The refrigerant discharged from the compres-
sor (22) flows through the gas line (L2) and is condensed
by the indoor heat exchanger (72). The refrigerant which
has flowed into the liquid line (L1) has its pressure re-
duced by the outdoor expansion valve (24), and then
evaporates in the outdoor heat exchanger (23) and is
taken into the compressor (22).

[Warm Thermal Energy Storage Operation]
[0084] In a warm thermal energy storage operation,

the thermal storage medium in which warm thermal en-
ergy is stored is accumulated in the thermal storage tank
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(62). In the warm thermal energy storage operation illus-
trated in FIG. 7, the four-way switching valve (25) is in
the second state, and the third solenoid valve (SV3), the
fourth solenoid valve (SV4), and the fifth solenoid valve
(SV5) among the first to sixth solenoid valves (SV1-SV6)
are open. The rest of the solenoid valves are closed. The
first to fourth pressure-reducing valves (EV1-EV4) and
the indoor expansion valve (73) are fully closed. The de-
gree of opening of the outdoor expansion valve (24) is
appropriately adjusted. The compressor (22) and the out-
door fan (26) are actuated, and the indoor fan (74) is
stopped. The thermal storage device (60) is actuated
since the pump (67) is in operation. In the warm thermal
energy storage operation, the refrigerant circuit (11) per-
forms a refrigeration cycle in which the thermal storage
heat exchanger (63) and the preheating heat exchanger
(64) serve as condensers, and the outdoor heat exchang-
er (23) as an evaporator.

[0085] The refrigerant discharged from the compres-
sor (22) passes through the gas line (L2), dissipates heat
in the thermal storage heat exchanger (63), passes
through the second bypass pipe (44a), and then further
dissipates heat in the preheating heat exchanger (64).
The refrigerant which has flowed out of the primary ther-
mal storage channel (44) has its pressure reduced by
the outdoor expansion valve (24), and then evaporates
in the outdoor heat exchanger (23) and is taken into the
compressor (22). The thermal storage medium heated
by the thermal storage heat exchanger (63) and the pre-
heating heat exchanger (64) is accumulated in the ther-
mal storage tank (62).

[First Utilization Heating Operation]

[0086] In the first utilization cooling operation (or the
utilization heating operation (1)), the thermal storage de-
vice (60) is actuated, and the warm thermal energy of
the thermal storage medium stored in the thermal storage
tank (62) is utilized to heat the room. Although details will
be described later, the stored warm thermal energy is
not used at once, but usable for a long period of time, in
the first utilization heating operation even under a con-
dition in which the heating load is relatively high. The
power consumption may thus be reduced. In the utiliza-
tion heating operation illustrated in FIG. 8, the four-way
switching valve (25) is in the second state, the first sole-
noid valve (SV1), the second solenoid valve (SV2), and
the fifth solenoid valve (SV5) among the first to sixth so-
lenoid valves (SV1-SV6) are open. The rest of the sole-
noid valves are closed. The first to third pressure-reduc-
ing valves (EV1-EV3) are fully closed. The degrees of
opening of the fourth pressure-reducing valve (EV4), the
indoor expansion valve (73) and the outdoor expansion
valve (24) are appropriately adjusted. The compressor
(22), the outdoor fan (26) and the indoor fan (74) are
actuated. The thermal storage device (60) is actuated
since the pump (67) is in operation. In the utilization heat-
ing operation, the refrigerant circuit (11) performs a re-
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frigeration cycle in which the indoor heat exchanger (72)
serves as a condenser, and the thermal storage heat
exchanger (63) and the outdoor heat exchanger (23) as
evaporators.

[0087] The refrigerant discharged from the compres-
sor (22) flows through the gas line (L2) and is condensed
by the indoor heat exchanger (72). The refrigerant which
has flowed into the liquid line (L1) is diverged into the
second branch pipe (48) and the primary liquid pipe (42).
The refrigerant in the second branch pipe (48) has its
pressure reduced by the fourth pressure-reducing valve
(EV4) to an intermediate pressure (between a high pres-
sure and a low pressure in the refrigerant circuit (11))
and flows into the primary thermal storage channel (44).
The refrigerant in the primary thermal storage channel
(44) is heated in the thermal storage heat exchanger (63)
and the preheating heat exchanger (64) and evaporates.
The evaporated refrigerant sequentially passes through
the intermediate junction pipe (46), the communication
pipe (13), and the intermediate suction pipe (35), and is
taken into the compression chamber of the compressor
(22) in the middle of the compression process.

[0088] The refrigerant in the primary liquid pipe (42)
has its pressure reduced by the outdoor expansion valve
(24), evaporates in the outdoor heat exchanger (23), and
is taken into the suction pipe (28) of the compressor (22).
In the compression chamber of the compressor (22), the
low-pressure refrigerant taken through the suction pipe
(28) is compressed to an intermediate pressure, mixed
with the intermediate-pressure refrigerant taken through
the intermediate suction pipe (35), and then compressed
to have a high pressure.

[Heating and Warm Thermal Energy Storage Operation]

[0089] Inthe heating and warm thermal energy storage
operation, the thermal storage device (60) is actuated to
store warm thermal energy in the thermal storage tank
(62), and the room is heated by the indoor unit (70). In
the heating and warm thermal energy storage operation
illustrated in FIG. 9, the four-way switching valve (25) is
in the second state, and the second solenoid valve (SV2),
the third solenoid valve (SV3), the fourth solenoid valve
(SV4), and the fifth solenoid valve (SV5) among the first
to sixth solenoid valves (SV1-SV6) are open. The first
pressure-reducing valve (EV1), the second pressure-re-
ducing valve (EV2), the third pressure-reducing valve
(EV3) and the fourth pressure-reducing valve (EV4) are
fully closed. The degrees of opening of the indoor expan-
sion valve (73), the thermal storage expansion valve (45)
and the outdoor expansion valve (24) are appropriately
adjusted. The compressor (22), the outdoor fan (26) and
the indoor fan (74) are actuated. The thermal storage
device (60) is actuated since the pump (67) is in opera-
tion. In the warm thermal energy storage operation, the
refrigerant circuit (11) performs a refrigeration cycle in
which the indoor heat exchanger (72), the thermal stor-
age heat exchanger (63), and the preheating heat ex-
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changer (64) serve as condensers, and the outdoor heat
exchanger (23) as an evaporator.

[0090] The refrigerant discharged from the compres-
sor (22) flows through the gas line (L2), and is diverged
into the primary thermal storage channel (44) and the
indoor circuit (71). The refrigerant in the primary thermal
storage channel (44) dissipates heat to the thermal stor-
age medium in the preheating heat exchanger (64) and
the thermal storage heat exchanger (63). The refrigerant
in the indoor circuit (71) is condensed in the indoor heat
exchanger (72). The refrigerant which has flowed out of
the indoor circuit (71) and the refrigerant which has
flowed out of the primary thermal storage channel (44)
are mixed with each otherin theliquidline (L1). The mixed
refrigerant has its pressure reduced by the outdoor ex-
pansion valve (24), evaporates in the outdo