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DESCRIPTION

THERMAL STORAGE AIR CONDITIONER

TECHNICAL FIELD
[0001]

The present invention relates to a thermal storage air conditioner which stores cold
thermal energy in a thermal storage tank by utilizing a thermal storage effect of a thermal
storage medium.

BACKGROUND ART
[0002]

Known thermal storage air conditioners include a thermal storage air conditioner
which has a thermal storage tank which stores cold thermal encrgy by utilizing a thermal
storage effcct of a thermal storage material (i.e., a thermal storage medium) as disclosed, for
example, in Patent Document 1. This thermal storage air conditioner performs a utilization
cooling operation for cooling, e.g., a room, by utilizing the cold thermal energy stored in the
thermal storage tank, a general cooling operation for cooling the room without utilizing the
cold thermal energy stored in the thermal storage tank, and a cold thermal energy storage
operation for storing cold thermal ecnergy in the thermal storage material.

CITATION LIST
PATENT DOCUMENT
[0003]

Patent Document 1: Japanesc Patent No. 4407582

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM
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[0004]

Thesc days, renewable encrgy generated by photovoltaic power, wind power,
geothermal power, etc., is fed to electric power systems of electric power companies.
[0005]

[n these circumstances, when the electricity generated from photovoltaic power,
wind power, etc., is unexpectedly large, the feed side may have a surplus of power, which
may cause a power failure. In such a case, the power controller (e.g., electric power
companies) may send a “request for accelerated use of power” to the power consumer. On
the other hand, when the power supplied from the feed side (e.g., clectric power companies)
nearly reaches a peak, the power controller may send a “request for reduced use of power” to
the power consumer. Thus, desirably, the power consumer is ready to deal with both of the
“request for accelerated use of power” and the “request for reduced use of power” sent from
the power controller.

[0006]

In view of the foregoing background, it is therefore an object of the invention to
provide a thermal storage air conditioner which can deal with both of a “request for reduced
use of power” and a “request for accelerated use of power™ in the field of thermal storage air
conditioners.

SOLUTION TO THE PROBLEM
[0007]

To achieve the above object, a thermal storage air conditioner of a first aspect of
the invention includes: a thermal storage circuit (61) to which a thermal storage tank (62) 1s
connected, the thermal storage tank (62) accumulating a thermal storage medium; a
refrigerant circuit (11) to which an indoor heat exchanger (27) is connected, the indoor heat

exchanger (27) cooling a room through evaporation of a refrigerant; a receiving section (101)
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which receives a signal; and a control section (100) which switches an operation by
controlling the thermal storage circuit (61) and the refrigerant circuit (11) based on the signal
received in the receiving section (101). The control section (100) implements: a utilization
cooling operation in which the thermal storage medium absorbs heat from the refrigerant and
in which the refrigerant evaporates in the indoor heat exchanger (27), when the receiving
section (101) receives a first signal indicating a request for reduced use of power during an
operation in which the room is cooled by the refrigerant evaporating in the indoor heat
exchanger (27); and a cooling and cold thermal energy storage operation in which the
refrigerant absorbs heat from the thermal storage medium and in which the refrigerant
cvaporates in the indoor heat exchanger (27), when the receiving section (101) receives a
second signal indicating a request for accelerated use of power during the operation in which
the room is cooled by the refrigerant evaporating in the indoor heat exchanger (27).
[0008]

The “operation in which the room is cooled by the indoor heat exchanger (27)
serving as an evaporator” may be any operation as long as it is an operation which cools a
room. For example, this operation refers to any of the simple cooling operation in which the
refrigerant evaporates in the indoor heat exchanger (27) and the thermal storage medium is
not circulated, the utilization cooling operation in which the thermal storage medium absorbs
heat from the refrigerant and the refrigerant evaporates in the indoor heat exchanger (27),
and the cooling and cold thermal energy storage operation in which the refrigerant absorbs
heat from the thermal storage medium and the refrigerant evaporates in the indoor heat
exchanger (27).
[0009]

Suppose that in the first aspect of the invention, a power supply shortage occurs

and a request for reduced use of power is sent at least in a cooling operation of a room. In
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this case, the receiving section (101) receives a first signal indicating such a situation. When
the receiving section (101) receives the first signal, the control section (100) controls the
refrigerant circuit (11) and the thermal storage circuit (61) so that the operation shifts from
the cooling operation of the room to the utilization cooling operation. In the utilization
cooling operation, the thermal storage medium absorbs heat from the refrigerant, and the
refrigerant evaporates in the indoor heat exchanger (27), thereby cooling the room. That is,
in this operation, the cooling capacity increases due to the refrigerant cooled by the thermal
storage medium. As a result, the power consumption of the thermal storage air conditioner
may be reduced.

[0010]

Suppose that excessive amounts of power are generated and a request for
accelerated use of power is sent at least in a cooling operation of a room. In this case, the
recetving section (101) receives a second signal indicating such a situation. When the
recetving section (101) receives the second signal, the control section (100) controls the
refrigerant circuit (11) and the thermal storage circuit (61) so that the operation shifts from
the cooling operation of the room to the cooling and cold thermal energy storage operation.
In the cooling and cold thermal energy storage operation, the refrigerant absorbs heat from
the thermal storage medium, and the refrigerant evaporates in the indoor heat exchanger (27),
thereby cooling the room. In this operation, so-called cold thermal energy of the refrigerant
is stored in the thermal storage medium. As such, the overall capacity of the thermal storage
air conditioner needs to be increased to cool the room sufficiently. This may increase the
power consumption of the thermal storage air conditioner.

[0011]
The second aspect of the invention is that the thermal storage tank (62) has a rated

thermal storage capacity greater than a thermal storage capacity required to maintain the
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utilization cooling operation for a predetermined period of time at a rated cooling capacity.
The term “rated cooling capacity” used herein may be defined as a cooling capacity required
to process a designed cooling load (i.e., a rated cooling load) of a target space in the
utilization cooling operation.

[0012]

In the second aspect of the invention, a rated thermal storage capacity of the
thermal storage tank (62) is determined based on operation time of the utilization cooling
operation at a rated cooling capacity. Thus, the utilization cooling operation can be
maintained only for the above-mentioned period of time at the rated cooling capacity after
the receiving section (101) receives the first signal and the utilization cooling operation is
executed. The request for reduced use of power may thus be fulfilled.

[0013]

Moreover, the thermal storage tank (62) still has space available for further storage
of the thermal energy, in a state in which the thermal energy required for the utilization
cooling operation is stored in the thermal storage tank (62). Cold thermal energy may be
stored in this space. Thus, in the event of another request for accelerated use of power being
sent, this request may be fulfilled successfully.

[0014]

A third aspect of the invention is an embodiment of the second aspect. In the third
aspect, the predetermined period of time is one hour.
[0015]

In the third aspect of the invention, the rated thermal storage capacity of the
thermal storage tank (62) is set to a thermal storage capacity at which the utilization cooling
operation can be maintained for at least one hour at a rated capacity. This means that the

utilization cooling operation performed based on the request for reduced use of power may
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be maintained for at least one hour at the rated capacity. For example, in general, it takes
about one hour to start up another power generator when a power supply shortage occurs.
Thus, a continuous utilization operation for one hour may fulfill the request for reduced use
of power.

[0016]

A fourth aspect of the invention is an embodiment of any one of the first to third
aspects, in which the operation for cooling the room by the refrigerant evaporating in the
indoor heat exchanger (27) is a simple cooling operation in which the refrigerant evaporates
in the indoor heat exchanger (27) and in which the thermal storage medium 1s not circulated.
[0017]

In the fourth aspect, the operation is switched from the simple cooling operation to
the utilization cooling operation if the receiving section (101) receives the first signal during
the simple cooling operation. The operation is switched from the simple cooling operation to
the cooling and cold thermal energy storage operation if the receiving section (101) receives
the second signal during the simple cooling operation.

ADVANTAGES OF THE INVENTION
[0018]

According to the first and/or fourth aspect of the invention, the operation can be
shifted to the utilization cooling operation immediately after receipt of the first signal in the
cvent of a request for reduced use of power being sent. This may achieve a power-saving
operation without decreasing the comfort of the room, and fulfill the request for reduced use
of power. In the event of the request for accelerated use of power being sent, the operation
can be shifted to the cooling and cold thermal energy storage operation immediately after the
receipt of the second signal. This may achieve an operation using a lot of power without

decreasing the comfort of the room and while storing so-called cold thermal energy in the
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thermal storage medium in the thermal storage tank (62). As a result, the request for
accelerated use of power can be fulfilled.
[0019]

According to the second aspect of the invention, the utilization cooling operation
performed based on the request for reduced use of power may be maintained for at least a
predetermined period of time at the rated capacity. In particular, according to the third aspect
of the invention, the utilization cooling operation at the rated cooling capacity can be
maintained for at least one hour. It is expected that the power to be supplied may be
increased or restored during this period. It is thus possible to provide a thermal storage air
conditioner which can reliably fulfill the request for reduced use of power.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

[FIG. 1] FIG. 1 shows a configuration diagram of an air-conditioning system.

[FIG. 2] FIG. 2 shows a flow of a refrigerant in a simple cooling operation.

[FIG. 3] FIG. 3 shows a flow of a refrigerant in a simple heating operation.

[FIG. 4] FIG. 4 shows a flow of a refrigerant and a flow of a thermal storage
medium in a cold thermal energy storage operation.

[FIG. 5] FIG. 5 shows a flow of a refrigerant and a flow of a thermal storage
medium in a utilization cooling operation.

[FIG. 6] FIG. 6 shows a flow of a refrigerant and a flow of a thermal storage
medium in a cooling and cold thermal energy storage operation.

[FIG. 7] FIG. 7 illustrates changes in the cooling load during a day.

[FIG. 8] FIG. 8 is a schematic flowchart showing switching among operations
during the cooling operation of the air-conditioning system.

DESCRIPTION OF EMBODIMENTS
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[0021]

Embodiments of the present invention will be described in detail below with
reference to the drawings. The following embodiments are merely preferred examples in
nature, and are not intended to limit the scope, applications, or use of the invention.

[0022]

<<Embodiments>>

<General Description>

A thermal storage air conditioner (10) according to the present embodiment is a
system capable of storing cold thermal energy in a thermal storage tank (62), which will be
described later, and cooling a room by utilizing the cold thermal energy stored. Further, the
thermal storage air conditioner (10) can cool the room even while storing the cold thermal
energy in the thermal storage tank (62).

[0023]

As illustrated in FIG. 1, the thermal storage air conditioner (10) is comprised of an
outdoor unit (20a), an indoor unit (20b), a thermal storage unit (50), and a controller (100)
(which corresponds to an operation control section), and includes a refrigerant circuit (11) and
a thermal storage circuit (61).

[0024]

The controller (100) is for controlling an operation of the thermal storage air
conditioner (10). The controller (100) controls actuation of a compressor (21) of the
refrigerant circuit (11) and a circulation pump (63) of the thermal storage circuit (61), degrees
of opening of a plurality of expansion valves (23, 24c, 26, 29¢, 38), and opening and closing
of a plurality of open/close valves (25, 39, 40, 41).

[0025]

The controller (100) has a receiving section (101) which receives external signals.
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For example, the receiving section (101) receives a signal transmitted from a power
controller, e.g., an electric power company. More specifically, the receiving section (101)
receives a signal indicating a “request for reduced use of power” (i.e., a first signal), a signal
indicating a “request for accelerated use of power” (i.c., a second signal), and a signal
indicating “withdrawal of the request for reduced use of power, or withdrawal of the request
for accelerated use of power” (i.e., a third signal).

[0026]

The controller (100) performs the utilization cooling operation when the receiving
section (101) receives the first signal, the cooling and cold thermal energy storage operation
when the receiving section (101) receives the second signal, and the simple cooling operation
when the receiving section (101) receives the third signal. Details of these operations will be
described later.

[0027]

<Configuration of Refrigerant Circuit>

The refrigerant circuit (11) is filled with a refrigerant, which circulates to perform a
refrigeration cycle. As illustrated in FIG. 1, the refrigerant circuit (11) is typically comprised
of a compressor (21), an outdoor heat exchanger (22), an outdoor expansion valve (23), an
outdoor-side subcooling heat exchanger (24), a first open/close valve (25), a thermal-storage-
side subcooling heat exchanger (29), an indoor c¢xpansion valve (26), an indoor heat
exchanger (27), and a four-way switching valve (28). Among them, the compressor (21), the
outdoor heat exchanger (22), the outdoor expansion valve (23), the outdoor-side subcooling
heat exchanger (24), and the four-way switching valve (26) are provided in the outdoor unit
(20a). The indoor expansion valve (26) and the indoor heat exchanger (27) are provided in the
indoor unit (20b). The first open/close valve (25) and the thermal-storage-side subcooling

heat exchanger (29) are provided in the thermal storage unit (50).
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[0028]

The compressor (21) compresses the refrigerant and discharges the compressed
refrigerant. The compressor (21) is a variable capacity compressor, the rotational speed (i.c.,
the operating frequency) of which is varied by an inverter circuit (not shown).

[0029]

The outdoor heat exchanger (22) is connected to the four-way switching valve (28)
through a pipe (12). The outdoor heat exchanger (22) is, for example, a cross-fin-and-tube
heat exchanger, and exchanges heat between outdoor air supplied therein by an outdoor fan
(22a) arranged in the outdoor unit (20a) and the refrigerant.

[0030]

The outdoor expansion valve (23) is connected to the outdoor heat exchanger (22)
through a pipe (13), and is connected to the outdoor-side subcooling heat exchanger (24)
through a pipe (14a). The outdoor expansion valve (23) is configured, for example, as an
clectronic expansion valve, and adjusts the flow rate of the refrigerant by changing the degree
ot opening of the valve.

[0031]

The outdoor-side subcooling heat exchanger (24) has a high-pressure passage (24a)
connected to the outdoor expansion valve (23) through the pipe (14a), and a low-pressure
passage (24b) connected to the inlet side of the high-pressure passage (24a) and the suction
side of the compressor (21). The outdoor-side subcooling heat exchanger (24) is configured to
subcool the refrigerant flowing through the high-pressure passage (24a) by exchanging heat
between the refrigerant flowing through the high-pressure passage (24a) and the refrigerant
flowing through the low-pressure passage (24b). The degree of subcooling of the outlet of the
high-pressure passage (24a) is adjusted by changing the degree of opening of the expansion

valve (24c¢).
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The first open/close valve (25) is connected to the high-pressure passage (24a) of
the outdoor-side subcooling heat exchanger (24) through a pipe (14b), and is connected to the
thermal-storage-side subcooling heat exchanger (29) through a pipe (14c¢). The first
open/close valve (25) is configured, for example, as a solenoid valve, and allows or stops the
flow of the refrigerant through the pipes (14b, 14c). A check valve (25a) is connected in
parallel with the first open/close valve (25). The check valve (25a) is arranged to allow the
refrigerant to flow toward the outdoor-side subcooling heat exchanger (24) from the side
closer to the thermal-storage-side subcooling heat exchanger (29) in a simple heating
operation which will be described later.

[0033]

The thermal-storage-side subcooling heat exchanger (29) has a high-pressure
passage (29a) and a low-pressure passage (29b). One end of the high-pressure passage (29a) is
connected to the pipe (14¢), and the other end thereof is connected to the indoor expansion
valve (26) through a pipe (14d). One end of the low-pressure passage (29b) is connected to
the inlet side of the high-pressure passage (29a) through a pipe (17), and the other end thereof
18 connected to a pipe (10) (i.e., the suction side of the compressor (21)). The thermal-storage-
side subcooling heat exchanger (29) is configured to subcool the refrigerant flowing through
the high-pressure passage (29a) by exchanging heat between the refrigerant flowing through
the high-pressure passage (29a) and the refrigerant flowing through the low-pressure passage
(29b). The degree of subcooling of the outlet of the high-pressure passage (29a) is adjusted by
changing the degree of opening of the expansion valve (29¢).

[0034]
The indoor expansion valve (26) is connected to the indoor heat exchanger (27)

through a pipe (15). The indoor expansion valve (26) is configured, for example, as an
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electronic expansion valve, and adjusts the circulation rate of the refrigerant by changing the
degree of opening of the valve.
[0035]

The indoor heat exchanger (27) is connected to the four-way switching valve (28)
through the pipe (16). The indoor heat exchanger (27) is, for example, a cross-fin-and-tube
heat exchanger, and exchanges heat between indoor air supplied therein by an indoor fan
(27a) arranged in the indoor unit (20b) and the refrigerant. The air that is heat-exchanged by
the indoor heat exchanger (27) is fed into the room again.

[0036]

The four-way switching valve (28) has four ports. Specifically, a first port of the
four-way switching valve (28) is connected to the discharge side of the compressor (21). A
second port of the four-way switching valve (28) is connected to the suction side of the
compressor (21) via an accumulator (not shown). A third port of the four-way switching valve
(28) 1s connected to the outdoor heat exchanger (22) through the pipe (12). A fourth port of
the four-way switching valve (28) is connected to the indoor heat exchanger (27) through the
pipe (16). The four-way switching valve (28) switches the connection state of the ports to a
first state (the state indicated by the solid lines in FIG. 1) or a second state (the state indicated
by broken lines in FIG. 1) according to the operational mode of the thermal storage air
conditioner (10).

[0037]

<Configuration of Bypass Channel>

As illustrated in FIG. 1, the refrigerant circuit (11) includes a bypass channel (31).
The bypass channel (31) is connected in parallel with the indoor heat exchanger (27), and the
refrigerant flows through the bypass channel (31). Specifically, one end of the bypass channel

(31) is connected to the pipe (14b) between the outdoor-side subcooling heat exchanger (24)
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and the first open/close valve (25). The other end of the bypass channel (31) is connected to
the pipe (16) between the indoor heat exchanger (27) and the fourth port of the four-way
switching valve (28). The bypass channel (31) typically includes a preheating heat exchanger
(36), a thermal storage heat exchanger (37), a thermal storage expansion valve (38), and
second and third open/close valves (39, 40).

[0038]

The preheating heat cxchanger (36) has a refrigerant path (36a) and a thermal
storage path (36b). The refrigerant path (36a) is located along a pipe (32), that is, between one
end of the bypass channel (31) and the thermal storage expansion valve (38), and the
refrigerant flows through the refrigerant path (36a). The thermal storage path (36b) is
connected in serics to the thermal storage circuit (61), and a thermal storage medium (which
will be described later) flows through the thermal storage path (36b). The preheating heat
exchanger (36) exchanges heat between the refrigerant and the thermal storage medium. That
is, the preheating heat exchanger (36) exchanges heat between the refrigerant before being
heat-exchanged by the thermal storage heat exchanger (37) and the thermal storage medium.
[0039]

The thermal storage heat exchanger (37) has a refrigerant path (37a) and a thermal
storage path (37b). The refrigerant path (37a) is located along a pipe (33) between the thermal
storage expansion valve (38) and the third open/close valve (40), and the refrigerant flows
through the refrigerant path (37a). The thermal storage path (37b) is connected in series to the
thermal storage circuit (61), and the thermal storage medium flows through the thermal
storage path (37b). The thermal storage heat exchanger (37) exchanges heat between the
refrigerant and the thermal storage medium, thereby making it possible to cool the thermal
storage medium, for example. That is, the thermal storage heat exchanger (37) exchanges heat

between the refrigerant after being heat-exchanged by the preheating heat exchanger (36) and

13



10

1

20

R
wn

5

the thermal storage medium.
[0040]

The thermal storage expansion valve (38) is connected to a portion between the
relrigerant path (36a) of the preheating heat exchanger (36) and the refrigerant path (37a) of
the thermal storage heat exchanger (37). The thermal storage expansion valve (38) 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.

[0041]

The second open/close valve (39) is connected in series to a check valve (39a). The
second open/close valve (39) and the check valve (39a) connected in series to cach other are
connccted in parallel to the thermal storage expansion valve (38). The check valve (39a)
allows the refrigerant to flow only {rom the side closer to the preheating heat exchanger (36)
toward the thermal storage heat exchanger (37). The third open/close valve (40) is provided
on a pipe (34). One end of the pipe (34) is connected to the pipe (33), and the other end of the
pipe (34) is connected to the pipe (16).

[0042]

A pressure release valve (44) is connected in parallel to the thermal storage
expansion valve (38). The pressure release valve (44) is for releasing a pressure of the thermal
storage heat exchanger (37) when it exceeds an allowable pressure value during an operation
of the thermal storage air conditioner (10), for example.

[0043]

<First Branch Channel>

As illustrated in FIG. 1, the refrigerant circuit (11) further includes a first branch
channel (35). One end of the first branch channel (35) is connected to a connection between

the pipes (33, 34) of the bypass channel (31), and the other end thereof is connected to the

14



10

pipe (14c). The first branch channel (35) typically has a fourth open/close valve (41) and a
check valve (41a). The fourth open/close valve (41) and the check valve (41a) are connected
in series to each other. The check valve (41a) allows the refrigerant to flow only from the side
closer to the pipe (33) toward the pipe (14c).
[0044]

<Second Branch Channel>

As illustrated in FIG. 1, the refrigerant circuit (11) further includes a second branch
channel (42). One end of the second branch channel (42) is connected to a connection
between the pipes (33, 34) of the bypass channel (31), that is, a connection between the
bypass channel (31) and the first branch channel (35). The other end of the second branch
channel (42) is connected to the pipe (16). The second branch channel (42) typically has an
evaporating pressure adjusting valve (43). The evaporating pressure adjusting valve (43) is for
adjusting the evaporating pressure of the refrigerant in the thermal storage heat exchanger
(37), and is configured, for example, as an expansion valve.
[0045]

Note that the evaporating pressure adjusting valve (43) basically maintains a fully-
closed state.
[0046]

<Conlfiguration of Thermal Storage Circuit>

The thermal storage circuit (61) is filled with a thermal storage medium, and a cycle
for storing cold thermal energy is performed by circulating the thermal storage medium. The
thermal storage circuit (61) typically includes, besides the thermal storage tank (62) and the
circulation pump (63), the thermal storage paths (36b, 37b) of the preheating heat exchanger
(36) and the thermal storage heat exchanger (37), respectively.

[0047]
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Now, the thermal storage medium will be described. A thermal storage material in
which clathrate hydrates are generated when cooled, that is, a thermal storage material having
flow properties, is adopted as the thermal storage 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 component is a component
which undergoes phase transitions (i.e., latent heat changes) from liquid at its melting point
and is in a heating state. Examples of the thermal storage medium include a tetra-n-butyl
ammonium bromide (TBAB) aqueous solution containing tetra-n-butyl ammonium bromide, a
trimethylolethane (TME) aqueous solution, and paraffin-based slurry. For example, the state
as an aqueous solution of a tetra-n-butyl ammonium bromide aqueous solution is maintained
even if it is cooled in a stable manner and turns into a subcooled state in which the
temperature of the aqueous solution is lower than a hydrate formation temperature. However,
once some trigger is given in this subcooled state, the subcooled solution transitions 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 crystals) made of
tetra-n-butyl ammonium bromide and water molecules. The subcooled state as used herein
refers to a state in which clathrate hydrates arc 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 solution 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 temperature at which the hydrates
arc generated.

[0048]
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In the present embodiment, a tetra-n-butyl ammonium bromide aqueous solution
containing tetra-n-butyl ammonium bromide is adopted as the thermal storage medium. In
particular, it is recommended that the thermal storage medium has a concentration close to a
congruent concentration. In the present embodiment, the congruent concentration is sct to
about 40%. In this case, the hydrate formation temperature of the tetra-n-butyl ammonium
bromide aqueous solution is about 12°C.

[0049]

Note that the hydrate formation temperature of the tetra-n-butyl ammonium
bromide aqueous solution varies according to the concentration of the thermal storage
medium. For example, if the thermal storage medium has a concentration of about 20%, the
hydrate formation temperature is about 8.5°C. The congruent concentration refers to a
concentration of an aqueous solution which does not change before and after the generation of
the clathrate hydrates.

[0050]

The thermal storage tank (62) is a hollow vessel in which the thermal storage
medium is stored. For example, the thermal storage tank (62) has a cylindrical shape in which
both ends are closed, and is arranged such that its axial direction extends vertically. The
thermal storage tank (62) has an outlet and an inlet. For example, the outlet is located higher
than the inlet.

[0051]

The circulation pump (63) circulates the thermal storage medium among the
thermal storage tank (62), the preheating heat exchanger (36) and the thermal storage heat
exchanger (37) in the thermal storage circuit (61). The thermal storage medium circulates
such that the thermal storage medium having flowed out of the thermal storage tank (62)

sequentially passes through the thermal storage path (36b) of the preheating heat exchanger
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(36), and then the thermal storage path (37b) of the thermal storage heat exchanger (37) via
the circulation pump (63), and flows into the thermal storage tank (62). The controller (100)
controls the on/off operations of the circulation pump (63) and the flow rate of the thermal

storage medium.

[0052]

The above configurations show that the thermal storage circuit (61) is a closed
circuit.
[0053]

<Operation of Thermal Storage Air Conditioner>

Examples of operational modes of the thermal storage air conditioner (10) include a
simple cooling operation, simple heating operation, cold thermal energy storage operation,
utilization cooling operation, and cooling and cold thermal energy storage operation. The
controller (100) controls various devices in the refrigerant circuit (11) and the thermal storage
circuit (61) to perform these operations.

[0054]

The simple cooling operation is performed to cool the room using only the cold
thermal energy obtaimed through a cooling cycle of the refrigerant circuit (11). The simple
heating operation is performed to heat the room using only the warm thermal energy obtained
through a heating cycle of the refrigerant circuit (11). The cold thermal energy storage
operation is performed to store, in the thermal storage tank (62), the cold thermal energy
obtained through a cold thermal energy storage cycle of the thermal storage circuit (61). The
utilization cooling operation is performed to cool the room using the thermal storage medium
in the thermal storage tank (62) as a cold thermal energy source. The cooling and cold thermal
energy storage operation is performed to cool the room using, in the refrigerant circuit (11),

only the cold thermal energy obtained through the cooling cycle, while storing, in the thermal
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storage circuit (61), the cold thermal encrgy obtained by the cold thermal energy storage
cycle. That is, the cold thermal energy storage and the cooling are performed simultancously
in the cooling and cold thermal energy storage operation.

[0055]

-Simple Cooling Operation-

As illustrated in FIG. 2, in the simple cooling operation, the refrigerant circuit (11)
performs a cooling cycle in which the outdoor heat exchanger (22) serves as a condenser and
the indoor heat exchanger (27) serves as an evaporator. The refrigerant does not flow into the
bypass channel (31) and the first branch channel (35), and the thermal storage circuit (61)
does not circulate the thermal storage medium. Specifically, in the bypass channel (31), the
degree of opening of the thermal storage expansion valve (38) is set to a fully-closed state,
and the open/close valves (39, 41) of the bypass channcl (31) and the first branch channel (35)
are set to a closed state. However, the open/close valve (40) of the bypass channel (31) is set
to an open state to prevent the refrigerant from accumulating in the refrigerant path (37a) of
the thermal storage heat exchanger (37). The circulation pump (63) in the thermal storage
circuit (61) is stopped.

[0056]

In the refrigerant circuit (11), the four-way switching valve (28) is set to the first
state, and the first open/close valve (25) is set to an open state. The degree of opening of the
outdoor expansion valve (23} is sct to a fully-open state; that of the expansion valve (29¢) of
the thermal-storage-side subcooling heat exchanger (29) is set to a fully-closed state; and that
of the indoor expansion valve (26) is set to a predetermined degree (i.c., such a degree of
opening which allows the refrigerant at the exit of the indoor heat exchanger (27) to have a
target degree of superheat). The compressor (21), the outdoor fan (22a) and the indoor fan

(27a) are actuated.
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[0057]

The refrigerant discharged from the compressor (21) passes through the pipe (12),
flows into the outdoor heat exchanger (22), dissipates heat to the outdoor air while passing
through the outdoor heat exchanger (22), and is condensed. The refrigerant that has been
condensed by the outdoor heat exchanger (22) passes through the pipe (13) and the outdoor
expansion valve (23), flows into the outdoor-side subcooling heat exchanger (24), and is
further cooled. The further cooled refrigerant passes through the pipes (14b, 14c, 14d), the
first open/close valve (25) and the high-pressure passage (29a) of the thermal-storage-side
subcooling heat exchanger (29), and flows into the indoor expansion valve (26), which
decompresses the refrigerant. The refrigerant decompressed by the indoor expansion valve
(26) passes through the pipe (15), flows into the indoor heat exchanger (27), and absorbs heat
from the indoor air while passing through indoor heat exchanger (27) and evaporates. The
indoor air is cooled in this manner. The refrigerant evaporated by the indoor heat exchanger
(27) is taken into the compressor (21) through the pipe (16), and is compressed again.

[0058]

-Simple Heating Operation-

As illustrated in FIG. 3, in the simple heating operation, the refrigerant circuit (11)
performs a heating cycle in which the indoor heat exchanger (27) serves as a condenser and
the outdoor heat exchanger (22) serves as an evaporator. Similarly to the simple cooling
operation, the refrigerant does not flow into the bypass channel (31) and the first branch
channel (35), and the thenmal storage circuit (61) does not circulate the thermal storage
medium.

[0059]
In the refrigerant circuit (11), the four-way switching valve (28) is set to the second

state. The degree of opening of the indoor expansion valve (26) is set to a predetermined
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degree (i.e., such a degree of opening which allows the refrigerant at the exit of the indoor
heat exchanger (27) to have a target degree of superheat). The expansion valves (29¢, 24c) of
the subcooling heat exchangers (29, 24) are set to a fully-closed state; the first open/close
valve (25) is set to a closed state; and the degree of opening of the outdoor expansion valve
(23) 1s set to a predetermined degree (i.e., such a degree of opening which allows the
refrigerant at the exit of the outdoor heat exchanger (22) to have a target degree of superheat).
The compressor (21), the outdoor fan (22a) and the indoor fan (27a) are actuated.

[0060]

The refrigerant discharged from the compressor (21) passes through the pipe (16),
flows into the indoor heat exchanger (27), dissipates heat to the indoor air while passing
through the indoor heat exchanger (27), and is condensed. The indoor air is heated at this
moment. The refrigerant that has been condensed by the indoor heat exchanger (27) passes
through the pipes (15, 14d—14a), the indoor expansion valve (26), the high-pressure passages
(29a, 24a) of the subcooling heat exchangers (29, 24) and the check valve (25a) and flows
into the outdoor expansion valve (23), which decompresses the refrigerant. The decompressed
refrigerant passes through the pipe (13), flows into the outdoor heat exchanger (22), absorbs
heat from the outdoor air while passing through outdoor heat exchanger (22), and evaporates.
The evaporated refrigerant is taken into the compressor (21) through the pipe (12) and
compressed again.

{0061]

-Cold Thermal Energy Storage Operation-

As illustrated in FIG. 4, in the cold thermal energy storage operation, the refrigerant
that has been condensed and cooled by the outdoor heat exchanger (22) and the refrigerant
path (36a) of the preheating heat exchanger (36) evaporates in the refrigerant path (37a) of the

thermal storage heat exchanger (37). Thus, the thermal storage medium in the thermal storage
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path (37b) is cooled and stored in the thermal storage tank (62). In the refrigerant circuit (11),
the refrigerant flows into the bypass channel (31), but does not flow into the first branch
channel (35). The thermal storage circuit (61) performs a cold thermal energy storage cycle in
which the thermal storage medium is circulated so that the thermal storage medium cooled by
the thermal storage heat exchanger (37) is stored in the thermal storage tank (62).

[0062]

Specifically, the four-way switching valve (28) is set to the first state; the third
open/close valve (40) is set to an open state; and the second open/close valve (39) and the
fourth open/close valve (41) are set to a closed state. The first open/close valve (25) is set to
an open state. With the first open/close valve (25) open, a liquid refrigerant accumulates in
the pipe (i.e., a liquid pipe) extending from a junction connected to the bypass channel (31) to
the indoor expansion valve (26). The refrigerant in this pipe is in the same state as in the
simple cooling opceration, which avoids the generation of cxcess refrigerant. This is why the
first open/close valve (25) is set to an open state. Further, the outdoor expansion valve (23) is
set to a fully-open state; the expansion valves (24c, 29¢) of the subcooling heat exchangers
(24, 29) are set to a fully-closed state; the indoor expansion valve (26) is sct to a fully-closed
state; and the degree of opening of the thermal storage expansion valve (38) is set to a
predetermined degree (i.c., such a degree of opening which allows the refrigerant at the entry
of the refrigerant path (37a) of the thermal storage heat exchanger (37) to have a
predetermined target evaporation temperature). The compressor (21) is actuated at a generally
constant rotational speed. The outdoor fan (22a) is actuated, and the indoor fan (27a) is
stopped.

[0063]
The refrigerant discharged from the compressor (21) passes through the pipe (12),

flows into the outdoor heat exchanger (22), dissipates heat to the outdoor air in the outdoor
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heat exchanger (22), and is condensed. The condensed refrigerant passes through the pipes
(13, 14a), the outdoor expansion valve (23), and the high-pressure passage (24a) of the
outdoor-side subcooling heat exchanger (24), and flows into the pipe (14b). With the first
open/close valve (25) open, the refrigerant accumulates in a portion of the pipe (14b)
extending from the junction connected to the bypass channel (31) to the indoor expansion
valve (26), and also flows to the bypass channel (31). Thus, the refrigerant is further cooled in
the refrigerant path (36a) of the preheating heat exchanger (36). The refrigerant which has
flowed out of the preheating heat exchanger (36) is decompressed by the thermal storage
expansion valve (38), and then absorbs heat f{rom the thermal storage medium in the
refrigerant path (37a) of the thermal storage heat exchanger (37) and evaporates. The
evaporated refrigerant passes through the third open/close valve (40) and the pipe (34), and
flows out of the bypass channel (31) to flow into the pipe (16). The refrigerant thereafter
passes through the four-way switching valve (28) and is taken into the compressor (21) to be
compressed again.

[0064]

In the thermal storage circuit (61), the circulation pump (63) 1s actuated. The
thermal storage medium in the thermal storage tank (62) flows out of the tank (62) to flow
into the thermal storage path (36b) of the preheating heat exchanger (36). The thermal storage
medium is heated, while passing through the thermal storage path (36b), by the refrigerant
flowing through the refrigerant path (36a). The heated thermal storage medium flows into the
thermal storage path (37b) of the thermal storage heat exchanger (37) via the circulation pump
(63). The thermal storage medium is cooled, while passing through the thermal storage path
(37b), by the refrigerant flowing through the refrigerant path (37a). The cooled thermal
storage medium (lows into the thermal storage tank (62). The cold thermal energy obtained by

the thermal storage cffect of the thermal storage medium is stored in the thermal storage tank
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(62) in this manner.
[0065]

-Utilization Cooling Operation-

As illustrated in FIG. 5, in the utilization cooling operation, a room is cooled using
the cold thermal energy stored in the thermal storage tank (62) and the cold thermal energy
obtained in the refrigeration cycle of the refrigerant circuit (11). That is, the refrigerant that
has been condensed and cooled by the outdoor heat exchanger (22) obtains the cold thermal
energy from the thermal storage medium in the preheating heat exchanger (36) and the
thermal storage heat exchanger (37), and then evaporates in the indoor heat exchanger (27),
thereby cooling the indoor air. The thermal storage medium circulates in the thermal storage
circuit (61) such that the thermal storage medium having flowed out of the thermal storage
tank (62) sequentially passes through the preheating heat exchanger (36) and the thermal
storage heat exchanger (37) and flows into the thermal storage tank (62) again.

[0066]

In this case, the outdoor heat exchanger (22) serves as a condenser and the indoor
heat exchanger (27) serves as an evaporator in the refrigerant circuit (11). Particularly in the
bypass channel (31), both of the preheating heat exchanger (36) and the thermal storage heat
exchanger (37) serve as subcoolers (i.c., radiators), and the refrigerant flows to the first
branch channel (35) at an intermediate point of the bypass channel (31).

[0067]

Specifically, the four-way switching valve (28) is set to the first state; the first
open/close valve (25) and the third open/close valve (40) are set to a closed state; and the
second open/close valve (39) and the fourth open/close valve (41) are set to an open state. The
outdoor expansion valve (23) and the thermal storage expansion valve (38) are set to a fully-

open state; the expansion valve (24c) of the outdoor-side subcooling heat exchanger (24) is
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set to a fully-closed state; and the degree of opening of the indoor expansion valve (26) is set
to a predetermined degree (i.c., such a degree of opening which allows the refrigerant at the
exit of the indoor heat exchanger (27) to have a target degree of superheat). The compressor
(21), the outdoor fan (22a) and the indoor fan (27a) are actuated.

[0068]

The refrigerant discharged from the compressor (21) passes through the pipe (12),
flows into the outdoor heat exchanger (22), dissipates heat to the outdoor air in the outdoor
heat exchanger (22), and is condensed. The condensed refrigerant passes through the fully-
opened outdoor expansion valve (23) and the high-pressure passage (24a) of the outdoor-side
subcooling heat exchanger (24) and flows into the pipe (14b). With the first open/close valve
(25) closed, the refrigerant flows into the bypass channel (31) at an intermediate point of the
pipe (14b). The refrigerant which has flowed into the bypass channel (31) is further cooled,
while passing through the refrigerant path (36a) of the preheating heat exchanger (36), by the
thermal storage medium flowing through the thermal storage path (36b). The refrigerant then
passes through the fully-opened thermal storage expansion valve (38) or the second
open/close valve (39) and flows into the thermal storage heat exchanger (37). The refrigerant
which has flowed into the thermal storage heat exchanger (37) is further cooled, while passing
through the refrigerant path (37a), by the thermal storage medium flowing through the
thermal storage path (37b). This refrigerant passes through the first branch channel (35) and
flows into the pipe (14c¢). The refrigerant thercafter flows into the thermal-storage-side
subcooling heat exchanger (29) to be further cooled. The refrigerant further cooled passes
through the pipe (14d) and flows into the indoor expansion valve (26). The refrigerant is
decompressed by the indoor expansion valve (26), and then absorbs heat from indoor air in
the indoor heat exchanger (27) and evaporates. The indoor air is cooled in this manner. The

evaporated relrigerant passes through the pipe (16) and the four-way switching valve (28),
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and is taken into the compressor (21) and compressed again.
[0069]

In the thermal storage circuit (61), the circulation pump (63) is actuated. The
thermal storage medium in the thermal storage tank (62) flows out of the tank (62) to flow
into the thermal storage path (36b) of the preheating heat exchanger (36). The thermal storage
medium absorbs heat, while passing through the thermal storage path (36b), from the
refrigerant flowing through the refrigerant path (36a). The thermal storage medium which has
absorbed heat flows into the thermal storage path (37b) of the thermal storage heat exchanger
(37) via the circulation pump (63). The thermal storage medium further absorbs heat, while
passing through the thermal storage path (37b), from the refrigerant flowing through the
refrigerant path (37a). The thermal storage medium which has further absorbed heat flows
into the thermal storage tank (62). The cold thermal energy is given to the refrigerant from the
thermal storage medium in this manner.

[0070]

-Cooling and Cold Thermal Energy Storage Operation-

As Mlustrated in FIG. 6, the cooling and cold thermal energy storage operation
performs a cooling cycle in which the refrigerant circulates in the refrigerant circuit (11) such
that the refrigerant that has been condensed in the outdoor heat exchanger (22) evaporates in
the indoor heat exchanger (27). In particular, part of the refrigerant flows to the bypass
channel (31), as well, in the refrigerant circuit (11). In the cooling and cold thermal energy
storage operation, the thermal storage circuit (61) performs a cold thermal energy storage
cycle 1 which the thermal storage medium is cooled by the refrigerant in the thermal storage
heat exchanger (37) and accumulated in the thermal storage tank (62). That is, the cooling
cycle and the cold thermal energy storage cycle are simultaneously performed.

[0071]
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In this case, the outdoor heat exchanger (22) serves as a condenser and the indoor
heat exchanger (27) serves as an evaporator in the refrigerant circuit (11). Particularly in the
bypass channel (31), the preheating heat exchanger (36) serves as a subcooler (i.c., a radiator),
and the thermal storage heat exchanger (37) serves as an cvaporator. Note that the refrigerant
does not flow into the first branch channel (35).

[0072]

Specifically, the {four-way switching valve (28) is set to the first state; the first
open/close valve (25) and the third open/close valve (40) are set to an open state; and the
second open/close valve (39) and the fourth open/close valve (41) are set to a closed state.
The outdoor expansion valve (23) is set to a fully-open state; the expansion valve (24¢) of the
outdoor-side subcooling heat exchanger (24) is fully closed; and the degrees of opening of the
thermal storage expansion valve (38) and the indoor expansion valve (26) are controlled by
the controller (100) to adjust the flow rate of the refrigerant. The compressor (21), the outdoor
fan (22a), and the indoor fan (27a) are actuated.

[0073]

The refrigerant discharged from the compressor (21) passes through the pipe (12),
flows into the outdoor heat exchanger (22), dissipates heat to the outdoor air in the outdoor
heat exchanger (22), and is condensed. The condensed refrigerant passes through the fully-
opened outdoor expansion valve (23) and the high-pressure passage (24a) of the outdoor-side
subcooling heat exchanger (24). Since the first open/close valve (25) is opened and the
thermal storage expansion valve (38) is not fully closed, the refrigerant which has flowed out
of the outdoor-side subcooling heat exchanger (24) diverges from an intermediate point of the
pipe (14b) into a flow toward the first open/close valve (25) and a flow toward the bypass
channel (31).

[0074]
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The refrigerant which has flowed toward the first open/close valve (25) passes
through the pipe (14¢) and flows into the high-pressure passage (29a) of the thermal-storage-
side subcooling heat exchanger (29) to be further cooled. The refrigerant further cooled passes
through the pipe (14d) and flows into the indoor expansion valve (26), which decompresses
the refrigerant. The refrigerant decompressed by the indoor expansion valve (26) absorbs heat
from the indoor air in the indoor heat exchanger (27). The indoor air is cooled in this manner.
[0075]

On the other hand, the refrigerant which has flowed toward the bypass channel (31)
passes through the pipe (32) and flows into the refrigerant path (36a) of the preheating heat
exchanger (36). The refrigerant heats the thermal storage medium flowing through the
thermal storage path (36b) while passing through the refrigerant path (36a). The clathrate
hydrates contained in the thermal storage medium flowing out of the thermal storage tank (62)
are melted through this heating. Consequently, it is possible to prevent a clogging of the
thermal storage circuit (61) which may occur due to a large amount of clathrate hydrates
generated in the thermal storage medium in the pipes (including the thermal storage path
(37b) of the thermal storage heat exchanger (37)) through which the thermal storage medium
passes after passing through the preheating heat exchanger (36).

[0076]

In particular, the refrigerant is not cooled by the outdoor-side subcooling heat
exchanger (24) in the cooling and cold thermal energy storage operation, because, if cooled
by the outdoor-side subcooling heat exchanger (24), the refrigerant may have reduced effect
of heating the thermal storage medium in the preheating heat exchanger (36), and may easily
cause a clogging of the thermal storage circuit (61) due to the clathrate hydrates.

[0077]

The refrigerant which has heated the thermal storage medium in the preheating heat
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exchanger (36), and thus become cooler, flows out of the preheating heat exchanger (36), and
is decompressed by the thermal storage expansion valve (38). The refrigerant thereafter
absorbs heat, while passing through the refrigerant path (37a), from the thermal storage
medium flowing through the thermal storage path (37b) and evaporates in the thermal storage
heat exchanger (37). The evaporated refrigerant flows through the third open/close valve (40)
and the pipe (34), and merges with the refrigerant which has passed through the indoor heat
exchanger (27) in the pipe (16). The merged refrigerant passes through the four-way
switching valtve (28), and is taken into the compressor (21) and compressed again.

[0078]

In the thermal storage circuit (61), the circulation pump (63) is actuated. The
thermal storage medium in the thermal storage tank (62) flows out of the tank (62) to flow
into the thermal storage path (36b) of the preheating heat exchanger (36). The thermal storage
medium absorbs heat, and 1s thus heated, from the refrigerant flowing through the refrigerant
path (36a), while passing through the thermal storage path (36b). The clathrate hydrates
contained in the thermal storage medium is melted through the heat. The thermal storage
medium which has absorbed heat flows into the thermal storage path (37b) of the thermal
storage heat exchanger (37) via the circulation pump (63). The thermal storage medium is
cooled, while passing through the thermal storage path (37b), by the refrigerant flowing
through the refrigerant path (37a). The cooled thermal storage medium flows into the thermal
storage tank (62). The cold thermal energy is stored in the thermal storage tank (62) in this
manner.

[0079]

The above description provides an example cool storage operation in which the

evaporating pressure adjusting valve (43) is set to the fully-closed state and the third

open/close valve (40) is set to the open state. However, the third open/close valve (40) may be
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set to the closed state, and the degree of opening of the evaporating pressure adjusting valve
(43) may be adjusted to a predetermined degree in the cooling and cold thermal energy
storage operation. In this case, the refrigerant which has flowed out of the thermal storage
heat exchanger (37) i1s decompressed by the evaporating pressure adjusting valve (43), and
sequentially passes through the pipe (16) and the four-way switching valve (28) to be taken
into the compressor (21). Such control allows the refrigerant in the thermal storage heat
exchanger (37) to have an evaporating pressure higher than the inlet pressure of the
compressor (21), which contributes to preventing the refrigerant in the thermal storage heat
exchanger (37) from having an evaporation temperature that is too low. It is thus possible to
prevent the thermal storage medium from being cooled too much in the thermal storage heat
exchanger (37), and the clathrate hydrates from being generated in a large amount. As a
result, the efficiency of the circulation of the thermal storage medium may be prevented from
being decreased.
[0080]

<Operations at Request For Reduced Usc of Power, Request For Accelerated Use of
Power, and Withdrawal of The Requests>

During a cooling operation in which the indoor heat exchanger (27) serves as an
evaporator, operational modes of the thermal storage air conditioner (10) are switched
according to a signal indicating a request relating to the use of power. Control over such
switching will be described with reference to FIG. 8.
[0081]

For example, a command to perform a cooling operation is input to the controller
(100) (Step Stl) when a user selects “COOL” on a controller (e.g., a remote controller). The
process then moves to Step St2 to perform a simple cooling operation. In the simple cooling

operation, the thermal storage circuit {(61) stays at rest, and the refrigerant circuit (11)
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performs a refrigeration cycle in which the refrigerant evaporates in the indoor heat exchanger
(27), as described above.
[0082]

Suppose that in the simple cooling operation, the power supplied from the feed side
nearly reached a peak, and the power controller (e.g., an electric power company) sent a
signal (a first signal) indicating a request for reduced use of power. When the receiving
section (101) of the controller (100) receives the first signal (Step St3), the controller (100)
controls various components of the refrigerant circuit (11) and the thermal storage circuit (61)
so that the operation shilts from the simple cooling operation to the utilization cooling
operation (Step St4). In the utilization cooling operation thus performed, the cold thermal
energy of the thermal storage medium is used to subcool the refrigerant in the refrigerant
circuit (11). As a result, the overall power consumption of the thermal storage air conditioner
(10) is reduced, which may fulfill the request for reduced use of power.

[0083]

Suppose that in the simple cooling operation, larger amounts of electricity than
usual were generated from photovoltaic power, wind power, etc., by power generation
facilities, and the power controller sent a signal (a second signal) indicating a request for
accelerated use of power. When the receiving section (101) of the controller (100) receives
the second signal (Step St5), the controller (100) controls various components of the
refrigerant circuit (11) and the thermal storage circuit (61) so that the operation shifts from the
simple cooling operation to the cooling and cold thermal energy storage operation (Step St6).
In the cooling and cold thermal energy storage operation thus performed, the thermal storage
medium is cooled by the refrigerant. As a result, the overall power consumption of the
thermal storage air conditioner (10) increases, while the cold thermal energy is stored in the

thermal storage medium. The overall power consumption of the thermal storage air
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conditioner (10) thus increases, which may fulfill the request for accelerated use of power.
[0084]

Suppose that in the utilization cooling operation or the cooling and cold thermal
energy storage operation, the power controller sent a signal (a third signal) indicating
withdrawal of the request for reduced or accelerated use of power. When the receiving section
(101) of the controller (100) receives the third signal (Step St7), the controller (100) controls
various components of the refrigerant circuit (11) and the thermal storage circuit (61) so that
the operation shifts from the utilization cooling operation or the cooling and cold thermal
energy storage operation to the simple cooling operation (Step St2). Note that the control in
the event of receipt of the third signal is merely a non-limiting example, and other steps may
be taken.

[0085]

<Thermal Storage Capacity of Thermal Storage Tank>

A rated thermal storage capacity (a designed thermal storage capacity) of the
thermal storage tank (62) is determined based on operation time T1 of the utilization cooling
operation at a rated cooling capacity. Specifically, it is recommended that a rated thermal
storage capacity C1 of the thermal storage tank (62) be such a capacity at which a utilization
cooling operation can be maintained for at least 1 hour as the operation time T1, under the
condition that the utilization cooling operation is performed at a rated cooling capacity. The
“rated cooling capacity” used herein may be defined as a cooling capacity required to process
a rated air-conditioning load (which is designed in advance) in a room.

[0080]

For example, in general, it takes about one hour to start up another power generator

when the demand for power peaks and a power supply shortage occurs. Setting the rated

thermal storage capacity C1 o be more than or equal to the above thermal storage capacity
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may contribute to the withdrawal of the request for reduced usc of power in the utilization
cooling operation. Note that the operation time T1 may be two or three hours.
[0087]

It is recommended that the actual thermal storage capacity Ca of the thermal storage
tank (62) be set to be greater than the rated thermal storage capacity Cl1, and that the
following equation, i.e., Ca=a x Cl (l.1<0<3.0) be satisfied.

[0088]

For example, suppose that a thermal storage amount corresponding to the rated
thermal storage capacity C1 is stored in the thermal storage tank (62) during the night. In this
state, cold thermal energy cannot be stored any more, even when the request for accelerated
use of power is received and the cooling and cold thermal energy storage operation is
performed. Thus, the request for accelerated use of power may not be fulfilled.

[0089]

To avoid this, the actual thermal storage capacity Ca of the thermal storage tank
(62) is set to be greater than the rated thermal storage capacity C1, so that the cold thermal
energy can be stored in the thermal storage tank (62) and the request for accelerated usc of
power can be fulfilled even under the conditions described above.

[0090]

It takes, for example, about thirty minutes to reduce, for example, the output of the
power generation plant in the event of the request for accelerated use of power being sent. It 1s
thus recommended that the actual thermal storage capacity C1 of the thermal storage tank (62)
be determined in consideration of a thermal storage capacity C2 at which the cooling and cold
thermal energy storage operation can be maintained for at least 0.5 hours at a rated cooling
capacity. The actual thermal storage capacity Ca of the thermal storage tank (62) is set to be

C1 + C2. Thus, the cooling and cold thermal energy storage operation can be maintained for
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at least thirty minutes at a rated cooling capacity even under the conditions described above,
thereby making it possible to reliably fulfill the request for accelerated use of power.
[0091]

-Advantages of Embodiment-

In the present embodiment, in the event of receipt of the “request for reduced use of
power” at twelve noon, the thermal storage air conditioner (10) which has received the first
signal performs the utilization cooling operation, as illustrated in FIG. 7, for example. The
"request for reduced use of power” may thus be dealt with quickly.

[0092]

The thermal storage capacity Ca of the thermal storage tank (62) is greater than the

thermal storage capacity C1 required to maintain one-hour utilization cooling operation at a

3

rated cooling capacity. Thus, the “request for reduced use of power,” which is usually
withdrawn in a period of minutes to about an hour, can be dealt with successfully.
[0093]

Further, in the event of receipt of the “request for accelerated use of power” at 4
p.m., the thermal storage air conditioner (10) which has received the second signal performs
the cooling and cold thermal energy storage operation. The "request for accelerated use of
power” may thus be dealt with quickly.

[0094]

The thermal storage capacity Ca of the thermal storage tank (62) is greater than C1,
and satisties the relationship Ca= a x Cl (1.1<a<3.0) or Ca = C1 + C2. Thus, the “request for
accelerated use of power,” which is withdrawn usually in about thirty minutes, can be dealt
with successfully.

[0095]

(Other Embodiments)
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The above embodiment may also be configured as follows. In the embodiment, a
reservoir for accumulating the thermal storage medium is configured as a single thermal
storage tank (62). However, the reservoir may be configured as two or more thermal storage
tanks. For example, the reservoir is configured as two thermal storage tanks. In this case, a
rated thermal storage capacity of a first thermal storage tank may be the above-described C1,
and a thermal storage capacity of a second thermal storage tank may be C1, 2 x CI, or C2. In
this case, it is recommended that the reservoir be configured such that the second reservoir
tank can be added on the first reservoir tank. In addition, in the case of using two or more
thermal storage tanks, the tanks do not necessarily have the same thermal storage capacity (or
size).

[0096]

The control section (100) of the above embodiment shifts the operation from the
simple cooling operation to the utilization cooling operation if the receiving section (101)
receives the first signal during the simple cooling operation. Further, the control section (100)
shifts the operation from the simple cooling operation to the cooling and cold thermal energy
storage operation 1f the receiving section (101) receives the second signal during the simple
cooling operation. However, the control section (100) may shift the operation from the
cooling and cold thermal energy storage operation to the utilization cooling operation if the
receiving section (101) receives the first signal during the cooling and cold thermal energy
storage operation. Further, the control section (100) may shift the operation from the
utilization cooling operation to the cooling and cold thermal energy storage operation if the
recetving section (101) receives the second signal during the utilization cooling operation.
[0097]

The refrigerant circuit (11) does not need to have the subcooling heat exchanger

(24).

[9%]
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[0098]

The air-conditioning system (10) may be configured such that in the utilization
cooling operation, the refrigerant discharged from the compressor (21) flows directly in the
preheating heat exchanger (36) without passing through the outdoor heat exchanger (22) and
the subcooling heat exchanger (24).

[0099]

The thermal storage medium may be any other thermal storage materials besides a
tetra-n-butyl ammonium bromide aqueous solution containing tetra-n-butyl ammonium
bromide, as long as the thermal storage medium is such a medium in which a solid component
1s generated when cooled to a temperature higher than 0°C and lower than 20°C.
INDUSTRIAL APPLICABILITY
[0100]

As can be seen [rom the foregoing description, the present invention is useful when
used as a thermal storage air conditioner storing cold thermal energy in a thermal storage
tank.

DESCRIPTION OF REFERENCE CHARACTERS

[0101]

10 Air-Conditioning System (Thermal Storage Air Conditioner)
11 Refrigerant Circuit

22 Outdoor Heat Exchanger (Heat-Source-Side Heat Exchanger)
23 Indoor Heat Exchanger (Utilization-Side Heat Exchanger)

37 Thermal Storage Heat Exchanger

61 Thermal Storage Circuit

62 Thermal Storage Tank

63 Circulation Pump



100 Controller

101 Receiving Section
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CLAIMS

L A thermal storage air conditioner comprising:

a thermal storage circuit (61) to which a thermal storage tank (62) is connected, the
thermal storage tank (62) accumulating a thermal storage medium;

a refrigerant circuit (11) to which an indoor heat exchanger (27) is connected, the
indoor heat exchanger (27) cooling a room through evaporation of a refrigerant;

a receiving section (101) which receives a signal; and

a control scction (100) which switches an operation by controlling the thermal
storage circuit (61) and the refrigerant circuit (11) based on the signal received in the
receiving section (101), wherein

the control section (100) implements

a utilization cooling operation in which the thermal storage medium
absorbs heat from the refrigerant and in which the refrigerant evaporates in the indoor heat
exchanger (27), when the receiving section (101) receives a first signal indicating a request
for reduced use of power during a simple cooling operation in which the room is cooled by
the refrigerant evaporating in the indoor heat exchanger (27) without exchanging heat with
the thermal storage medium, and
a cooling and cold thermal energy storage operation in which the

refrigerant absorbs heat from the thermal storage medium and in which the refrigerant
evaporates in the indoor heat exchanger (27), when the receiving section (101) receives a
second signal indicating a request for accelerated use of power during the simple cooling

operation, so that more power 1s consumed than in the simple cooling operation .

2. The thermal storage air conditioner of claim 1, wherein

a thermal storage heat cxchanger (37) i which heat is exchanged between the
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refrigerant and the thermal storage medium is connected to the refrigerant circuit (11),

the thermal storage medium is a thermal storage material in which a clathrate
hydrate is generated at a temperature higher than 0°C, and

the refrigerant circuit (11) is configured to evaporate the refrigerant in the indoor
heat exchanger (27) and the refrigerant in the thermal storage heat exchanger (37) at a same

evaporation temperature in the cooling and cold thermal energy storage operation.

3. The thermal storage air conditioner of claim [ or 2, wherein
the thermal storage tank (62) has a rated thermal storage capacity greater than a
thermal storage capacity required to maintain the utilization cooling operation for a

predetermined period of time at a rated cooling capacity.

4. The thermal storage air conditioner of claim 3, wherein

the predetermined period of time is one hour.



