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According to one embodiment, an air conditioning system
includes a compressor, a condenser, an expansion valve, a
switching valve, an evaporator, a pump, a radiator, and a heat
storage unit. The switching valve performs switching so that
a first heat medium flows through either a first flow path or a
second tlow path. The pump supplies a second heat medium
to the heat source. The heat storage unit has a heat storage
material. The heat storage unit has a first heat exchange region
in which heat 1s exchanged between the first heat medium
flowing through the first flow path and the heat storage mate-
rial. The heat storage unmit has a second heat exchange region
which 1s provided upstream of the radiator and 1n which heat
1s exchanged between the second heat medium supplied to the
heat source and the heat storage matenal.
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AIR-CONDITIONING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s based upon and claims the ben-
efit of priority from the prior Japanese Patent Application No.

2011-210318, filed on Sep. 27, 2011, the entire contents of
which are imncorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an air-conditioning system.

BACKGROUND

[0003] To cool a heating element such as a fuel cell
mounted on a vehicle, there exists a cooling system which
utilizes, as a heat sink, a heat medium used for indoor cooling
by an air conditioning system.

[0004] For example, there 1s proposed a cooling system
which utilizes, as a heat sink, a heat medium used for indoor
cooling to cool a heating element mounted on a vehicle via a
heat exchanger, in which an evaporator for indoor cooling by
an air conditioning system and the heat exchanger provided
with a heat storage material are connected 1n parallel via a
switching valve.

[0005] Here, in an air conditioning system, there may be a
case where indoor heating 1s required 1n addition to imndoor
cooling. In this case, frosting of the evaporator for indoor
heating 1n a cold district may cause decrease of heating effi-
ciency, damage of the evaporator or the like.

[0006] However, in the above-mentioned air conditioning
system, using the heat of a heating element such as a fuel cell
to remove the attached frost has not been considered. There-
fore 1t becomes necessary to use a heater or the like to remove
the frost, which may increase power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 1s a block diagram 1illustrating an air condi-
tioming system according to a first embodiment.

[0008] FIG. 2A 1s a schematic cross-sectional view 1llus-
trating the heat storage unit and FIG. 2B 1s a cross-sectional
view taken along the line between the arrows A-A'1n FIG. 2A.
[0009] FIG. 3 1s a schematic graph 1llustrating a temporal
change 1n the amount of heat of the second heat medium
recovered from the heat source 31 (amount of heat recovered)
when the vehicle 1s running.

[0010] FIG. 4A 1s a schematic cross-sectional view 1llus-
trating the heat storage unit and FIG. 4B 1s a cross-sectional
view taken along the line between the arrows B-B'in FIG. 4A.
[0011] FIG. 5 1s a flowchart illustrating an operation
method of the cooling side circuit 10a.

[0012] FIG. 6 1s a block diagram illustrating an air condi-
tioming system according to a second embodiment.

[0013] FIG. 7 1s a flowchart illustrating an operation
method 1n the heating side circuit 10c.

[0014] FIG. 8 1s a block diagram 1llustrating an air condi-
tioming system according to a third embodiment.

[0015] FIG. 9A 1s a schematic cross-sectional view 1llus-
trating the heat storage unit and FIG. 9B 1s a cross-sectional
view taken along the line between the arrows C-C'in FIG. 9A.
[0016] FIG. 10 1s a flowchart illustrating an operation
method 1n the heating side circuit 104,
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DETAILED DESCRIPTION

[0017] In general, according to one embodiment, an air
conditioning system includes a compressor, a condenser, an
expansion valve, a switching valve, an evaporator, a pump, a
radiator, and a heat storage unit. The compressor compresses
a first heat medium taken therein. The compressor discharges
the first heat medium. The condenser 1s provided on a dis-
charge side of the compressor. The expansion valve 1s pro-
vided on the outflow side of the condenser. The switching
valve which 1s provided on the outflow side of the expansion
valve and which performs switching so that the first heat
medium flows through either a first flow path or a second flow
path. The evaporator 1s provided downstream of confluence
position of the first flow path and the second tlow path, on the
intake side of the compressor. The pump supplies a second
heat medium to the heat source. The radiator releases heat of
the second heat medium supplied to the heat source. The heat
storage unit has a heat storage material. The heat storage unit
has a first heat exchange region in which heat 1s exchanged
between the first heat medium flowing through the first tlow
path and the heat storage material. The heat storage unit has a
second heat exchange region which 1s provided upstream of
the radiator and in which heat 1s exchanged between the
second heat medium supplied to the heat source and the heat
storage material.

[0018] Embodiments of the invention will now be
described with reference to the drawings. In the specification
and the drawings of the application, components similar to
those described 1n regard to a drawing thereimnabove are
marked with like reference numerals, and a detailed descrip-
tion 1s omitted as appropriate.

[0019] In the following, an air conditioming system
installed 1n an Electric Vehicle (EV) or a fuel cell car (FCV)
will be described as an example.

[0020] In addition, while there 1s a case where the state of a
first heat medium 1s liquid, gas, or gas-liquid two-phase state,
it may also be simply referred to as the first heat medium.

[0021] In addition, while there 1s a case where the state of a
second heat medium 1s liquid or gas-liquid two-phase state, it
may also be simply referred to as the second heat medium.

First Embodiment

[0022] FIG. 1 1s a block diagram 1illustrating an air condi-
tioning system according to a first embodiment.

[0023] As shown in FIG. 1, an air conditioming system 1 1s
provided with a heat pump circuit 10 and a heat recovery
circuit 30.

[0024] The heat pump circuit 10 1s provided with a cooling
side circuit 10q and a heating side circuit 105. The cooling
side circuit 10a lowers the temperature of the air used for
cooling inside the vehicle by absorbing heat from the air
supplied into the vehicle.

[0025] The heating side circuit 106 raises the temperature
of the air used for heating 1nside the vehicle by causing the air
supplied into the vehicle to absorb heat.

[0026] First, the cooling side circuit 10a will be 1llustrated.
The cooling side circuit 10a 1s provided with a compressor
11, a switching valve 14, a condenser 12, an expansion valve
15, an evaporator 17, and a piping 22.

[0027] The intake side of the compressor 11 has both the
outflow side of the evaporator 17 and the outtlow side of an
evaporator 18 provided 1n the heating side circuit 105 con-
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nected thereto. The discharge side of the compressor 11 has
the intlow side of the switching valve 14 connected thereto.
[0028] The compressor 11 compresses gas of the first heat
medium supplied from the evaporator 17 and the evaporator
18. The compressor 11 can be configured to compress, for
example, gas of the first heat medium taken 1n from the intake
side to thereby generate high-temperature, high-pressure gas
ol the first heat medium, and discharge the generated high-
temperature and high-pressure gas of the first heat medium
from the discharge side.

[0029] The outflow side of the switching valve 14 has both
the inflow side of the condenser 12 and the inflow side of a
condenser 13 provided 1n the heating side circuit 1056 con-
nected thereto.

[0030] The switching valve 14 switches the supply of the
gas ol the high-temperature and high-pressure first heat
medium discharged from the compressor 11, to either of the
condenser 12 and the condenser 13. The switching valve 14
can be set as, for example, a three-way valve which 1s pro-
vided with an electromagnetic coil and which switches the
flow path by supplying or terminating power to the electro-
magnetic coil or the like.

[0031] The outflow side of the condenser 12 has the inflow

side of the expansion valve 15 connected thereto.

[0032] The condenser 12, having a blower fan (not shown),
for example, can be configured to exchange heat between the
air blown by the blower fan from outside the vehicle, and the
high-temperature and high-pressure gas of the first heat
medium discharged from the compressor 11. The high-tem-
perature and high-pressure gas of the first heat medium dis-
charged from the compressor 11 1s condensed by having 1ts
heat absorbed by the air blown from outside the vehicle.
[0033] The outflow side of the expansion valve 15 has the
inflow side of the evaporator 17 connected thereto.

[0034] The expansion valve 15 adiabatically expands the
first heat medium condensed by the condenser 12 to thereby
reduce its pressure, and gasifies a part of the first heat medium
to thereby be turned into the first heat medium 1n a gas-liquid
two-phase state.

[0035] The outtlow side of the evaporator 17 has the intake
side of the compressor 11 connected thereto.

[0036] The evaporator 17 1s provided inside a ventilation
duct 21 having provided therein a blower fan 21a for supply-
ing air into the vehicle. The evaporator 17 exchanges heat
between the air blown by the blower fan 214 and the first heat
medium 1n a gas-liquid two-phase state which has flown in
from the expansion valve 15. The first heat medium 1n a
gas-liquid two-phase state turns into gas of the first heat
medium by absorbing heat from the blown air and 1s supplied
to the compressor 11. In addition, the air having its heat
absorbed by the evaporator 17 1s supplied into the vehicle to
be used for cooling 1nside the vehicle.

[0037] The piping 22 connects the components provided 1n
the cooling side circuit 10a and serves as a flow path of the
first heat medium.

[0038] Next, the heating side circuit 106 will be described.

[0039] The heating side circuit 106 1s provided with the
compressor 11, the switching valve 14, the condenser 13, an
expansion valve 16, a heat storage unit 19, the evaporator 18,
and pipings 22a to 23c.

[0040] The condenser 13 is provided on the discharge side
of the compressor 11. The outtlow side of the condenser 13
has the inflow side of the expansion valve 16 connected
thereto via the piping 23a.
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[0041] The condenser 13 1s provided inside the above-men-
tioned ventilation duct 21.

[0042] The condenser 13 may be configured to exchange
heat between the air blown by the blower fan 21a¢ and the
high-temperature and high-pressure gas of the first heat
medium discharged from the compressor 11 via the switching
valve 14. The high-temperature and high-pressure gas of the
first heat medium discharged from the compressor 11 1s con-
densed by having 1ts heat absorbed by the blown air. In addi-
tion, the air blown to the condenser 13 1s heated by absorbing
heat from the gas of the first heat medium, and the heated air
1s supplied into the vehicle to be used for heating inside the
vehicle.

[0043] The expansion valve 16 1s provided on the outflow
side of the condenser 13. The outtlow side of the expansion
valve 16 has the inflow side of the evaporator 18 connected
thereto via the piping 23c.

[0044] The expansion valve 16 adiabatically expands the
first heat medium condensed by the condenser 13, to reduce
its pressure, and gasifies a part of the first heat medium to
thereby be turned into the first heat medium 1n a gas-liquid
two-phase state.

[0045] The outflow side of the evaporator 18 has the intake
side of the compressor 11 connected thereto via the piping
23b. The evaporator 18 1s provided with, for example, a
blower fan (not shown), and can be configured to exchange
heat between the air blown by the blower fan from outside the
vehicle and the first heat medium 1n a gas-liquid two-phase
state which has tlown 1n from the expansion valve 16 via the
heat storage unit 19. The first heat medium 1n a gas-liquid
two-phase state turns into gas of the first heat medium by
absorbing heat from the blown air and 1s supplied to the
compressor 11.

[0046] The heat storage unit 19 1s provided between the
expansion valve 16 and the evaporator 18.

[0047] A heat storage matenial 24 1s provided inside the
heat storage unit 19 and stores the heat supplied from the heat
recovery circuit 30. In addition, the heat storage unit 19
supplies the heat stored 1n the heat storage material 24 to the
first heat medium 1n a gas-liquid two-phase state, which 1s
supplied to the evaporator 18 from the expansion valve 16.
Supplying, to the evaporator 18, the first heat medium 1n a
gas-liquid two-phase state which has been heated by supply-
ing heat thereto can raise the temperature of the evaporator
18. Accordingly, frost can be prevented from sticking to the
evaporator 18 1n cold areas. In addition, even when there 1s
frost sticking to the evaporator 18 at the time of start-up, the
frost can be removed. As a result, decrease of heating effi-
ciency, damage of the evaporator, or the like can be sup-
pressed.

[0048] Details about the heat storage unit 19 will be
described below.

[0049] In addition, the first heat medium used for the cool-
ing side circuit 10a and the heating side circuit 105 can be, for
example, ammonia, hydrofluorocarbon (HFC), hydrochlo-

rofluoro carbon (HCFC), or the like.

[0050]

[0051] Theheatrecovery circuit 30 1s provided with a pump
34, a radiator 33, and a piping 32.

[0052] The heat recovery circuit 30 cools a heat source 31
by absorbing heat of the heat source 31, and stores heat 1n the
heat storage unit 19 by supplying the absorbed heat to the heat
storage unit 19.

Next, the heat recovery circuit 30 will be 1llustrated.
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[0053] The intake side of pump 34 has the outflow side of
the radiator 33 connected thereto. The heat source 31 1s con-
nected to the discharge side of the pump 34.

[0054] The pump 34 supplies the second heat medium to
the heat source 31. In addition, the pump 34 circulates the
second heat medium among the heat source 31, the heat
storage unit 19, and the radiator 33.

[0055] The radiator 33 releases the heat of the second heat
medium supplied to the heat source 31. The radiator 33 1s
provided with, for example, a blower fan (not shown), and can
be configured to exchange heat between the air blown by the
blower fan from outside the vehicle and the second heat
medium which has flown in from the heat source 31 via the
heat storage unit 19.

[0056] The radiator 33, for example, can be a radiator pro-
vided 1n an electric vehicle or a fuel-cell vehicle.

[0057] The second heat medium which has absorbed heat
from the heat source 31 causes 1ts heat to be absorbed by the
heat storage unit 19, and fturther causes its heat to be absorbed
by the air from outside the vehicle, blown by the radiator 33.
Subsequently, the second heat medium which has been
cooled by causing its heat to be absorbed 1s supplied to the
heat source 31 and used for cooling the heat source 31.
[0058] Thepiping 32 connects the pump 34, the radiator 33,
the heat storage unit 19, and the heat source 31, and serves as
a flow path of the second heat medium.

[0059] The heat source 31 can be configured to generate
heat for the motor, inverter, fuel-cell stack or the like provided
in a electric vehicle or a fuel-cell vehicle, for example.

[0060] The second heat medium can be water, for example.
[0061] Next, the heat storage unit 19 will be further 1llus-
trated.

[0062] FIG. 2 1s a schematic view 1llustrating the heat stor-

age unit. Here, FIG. 2A 1s a schematic cross-sectional view
illustrating the heat storage unit and FIG. 2B i1s a cross-
sectional view taken along the line between the arrows A-A'1n
FIG. 2A.

[0063] FIG. 3 15 a schematic graph i1llustrating a temporal
change 1n the amount of heat of the second heat medium
recovered from the heat source 31 (amount of heatrecovered)
when the vehicle 1s running.

[0064] FIG. 3 illustrates a case of a vehicle running at the
10-15 driving mode.

[0065] In addition, the temperature at the intake port and
the outlet port of the second heat medium 1n the heat source 31
was measured by an experiment, and thus the amount of heat
recovered was tried to be calculated from the difference
between the temperatures at the outlet port and the intake port
of the second heat medium.

[0066] As can be seen from FIG. 3, the amount of heat
generated 1n the heat source 31 varies with run time.

[0067] Here, the amount of heat exchange between the heat
storage material 24 provided in the heat storage unit 19 and
the first heat medium flowing inside the tflow path 28 (heat
absorption by the first heat medium from the heat storage
material 24) becomes larger as the difference of temperature
1s larger between the heat storage material 24 and the first heat
medium. In this case, as shown 1n FIG. 3, since the amount of
heat generated from the heat source 31 varies depending on
the running condition of the electric vehicle or fuel-cell
vehicle, the temperature of the second heat medium flowing,
inside the flow path 29 also varies.

[0068] When, not via the heat storage material 24, direct
heat exchange 1s performed between the first heat medium
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flowing inside the tlow path 28 and the second heat medium
flowing iside the tlow path 29, 1t becomes difficult to supply
heat to the first heat medium from the second heat medium
when the amount of heat of the second heat medium 1s close
to 0.

[0069] In contrast, when the temperature of the evaporator
18 (T ,) 1s not less than a predetermined lower limit (T ),
1.¢, for example, 1t 1s not necessary to remove the frost stick-
ing to the evaporator 18, the heat absorbed by the second heat
medium from the heat source 31 during a period during which
heat exchange 1s notnecessary 1s wasted because 1t 1s released
from the radiator 33 to the outside.

[0070] Therelfore, 1n the embodiment, the heat storage unit
19 having the heat storage material 24 1s provided so that the
heat generated in the heat source 31 during a period during
which heat exchange 1s not necessary can be stored.

[0071] Providing the heat storage unit 19 causes the tem-
perature of the evaporator 18 (T _.,) to be less than a prede-
termined lower limit (T, ), and thus heat can be supplied
from the heat storage material 24 to the first heat medium
when 1t 1s necessary to cause the first heat medium to absorb
the heat.

[0072] Inaddition, as described below, a latent heat storage
material (phase-change heat storage material) 1s used as the
heat storage material 24, or a heat exchange region 26 (cor-
responding to an example of the first heat exchange region) in
which the first heat medium and the heat storage material 24
exchange heat, and a heat exchange region 27 (corresponding
to an example of the second heat exchange region) in which
the second heat medium and the heat storage material 24
exchange heat are configured to be adjacent. Accordingly,
since variation of the temperature of the second heat medium,
if any, can be relaxed, the temperature of the heat storage
material 24 can be maintained substantially constant. There-
fore, the amount of heat exchanged at the time of heat
exchange between the heat storage material 24 and the first
heat medium can be maintained substantially constant, and
thus 1t becomes possible to efliciently remove the frost stick-
ing to the evaporator 18.

[0073] When the amount of heat stored 1n the heat storage
material 24 1s less than the amount of heat which 1s necessary
to be supplied to the first heat medium, a heating umit 191 (for
example, a heater or the like) which heats the heat storage
material 24 can be provided. In this case, heat from heating
umt 191 1s absorbed by the heat storage material 24, and

absorbed by the first heat medium 1n the heat exchange region
26.

[0074] Next, returning to FIG. 2, the heat storage unit 19
will be further described.

[0075] The heat storage unit 19 1s provided with a casing
25, the flow path 28, the tlow path 29, the heat storage material
24, and a nucleation unit 300.

[0076] Furthermore, the heat storage unit 19 has the heat
exchange region 26 which exchanges heat between the first
heat medium tlowing through the flow path 28 and the heat
storage material 24, and a heat exchange region 27 which 1s
provided upstream of the radiator 33 and which exchanges
heat between the second heat medium supplied to the heat
source 31 and the heat storage maternial 24.

[0077] The heat exchange region 27 1s provided closer to
the center of the heat storage unit 19 than the heat exchange
region 26.
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[0078] The casing 25 has the flow path 28, the flow path 29,
the heat storage material 24, and nucleation unit 300 housed
therein.

[0079] Theinner wall of the casing 25 has a concave portion
301 provided thereon. The concave portion 301 will be
described below.

[0080] Thetlow path 28 1s formed of a tubular member. The
flow path 28 has an annulus part 28a and a joint 285 connected
to the annulus part 284. The annulus part 28a 1s provided on
the heat exchange region 26 located on the inner wall side of
the casing 25. The annulus part 284 1s provided 1n the vicinity
of one end of the casing 25. The piping 23c¢ 1s connected to an
end on the side opposite to the side connected to the annulus
part 28a of the joint 285. Accordingly, the first heat medium
can flow inside the flow path 28. In addition, a plurality of the
annulus part 28a can be provided.

[0081] Thetlow path 29 1s formed of a tubular member. The
flow path 29 has a spiral part 294 and joints 295 provided at

both ends of the spiral part 29a.

[0082] The spiral part 294 1s provided in the heat exchange
region 27 provided inside the heat exchange region 26. The
joint 2956 has the piping 32 connected thereto. Accordingly,
the second heat medium can flow 1nside the flow path 29.

[0083] Inthe heat storage unit 19 according to the embodi-
ment, the flow path 29 through which the second heat medium
having a high temperature flows 1s provided on the center side
of the heat storage unit 19, and the tlow path 28 through which
the first heat medium having a temperature lower than the
temperature of the second heat medium flows 1s provided on
the inner wall side of the heat storage unit 19.

[0084] Inthis case, onthe assumption that the tlow path 29
through which the high-temperature second heat medium
flows 1s provided on the inner wall side of the heat storage unit
19, heat dissipation becomes larger. In contrast to this, on the
assumption that the flow path 29 through which the high-
temperature second heat medium flows 1s provided on the
center side of the heat storage unit 19, the distance to the
surface of the casing 25 can be increased, and thus heat
dissipation can be suppressed.

[0085] In addition, the ability (heat output) required when
releasing heat to the first heat medium 1s generally higher than
the ability required when storing the heat from the second
heat medium. Therefore, 1t 1s preferred to increase the amount
of heat exchanged between the heat storage material 24 and
the first heat medium, by making the length of the flow path
28 through which the first heat medium tflows longer. In this
case, since the flow path 28 through which the first heat
medium flows 1s provided on the inner wall side of the casing,
25, 1t becomes easy to make the length of the flow path 28
longer.

[0086] Accordingly, assuming the above-mentioned
arrangement of the flow path 28 and the flow path 29, the
elliciency of heat exchange can be improved.

[0087] For the heat storage material 24, a material having a
heat-storing density higher than the second heat medium can
be used. The heat storage material 24 can be, for example, a
latent heat storage material. As the latent heat storage mate-
rial, an 1norganic hydrate material (sodium acetate hydrate or
sodium sulphate hydrate), an organic material (paraifin or
erythritol), for example, can be exemplified. The heat storage
material 24 liquefies when the temperature 1s higher than the
melting point of the material to be formed, and solidifies
when the temperature 1s lower than the melting point. In this
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case, a large amount of heat 1s absorbed or released at the
melting point (phase-change temperature) at which phase-
change occurs.

[0088] In addition, some latent heat storage materials may
be capable of supercooling. A latent heat storage material
capable of supercooling maintains a liquid state without
solidification even when 1t the temperature 1s lower than the
melting point. Furthermore, an external stimulation (for
example, mechanical nucleation, electric nucleation, etc.) or
addition of a crystalline nucleus can release supercooling and
cause solidification to occur. In this case, heat can be released
from the latent heat storage material by releasing supercool-
ing and causing solidification to occur.

[0089] As a latent heat storage material capable of super-
cooling, sodium acetate trihydrate or the like can be exempli-
fied. On the assumption that a latent heat storage material
capable of supercooling 1s used, supercooling can be stably
maintained also 1n a subireezing environment. Moreover, on
the assumption that a latent heat storage material capable of
supercooling 1s used, heat can be stored for a long time.
Therefore, even when heating 1s started from a state 1n which
the latent heat storage matenal 1s left 1n a low temperature
environment 1 winter for a long time, frost sticking to the
evaporator 18 can be removed. In addition, on the assumption
that a latent heat storage material capable of supercooling 1s
used, 1t becomes possible to release heat at a desired time by
external stimulation or the like. Accordingly, 1t becomes pos-
sible, for example, to remove the frost sticking to the evapo-
rator 18 at a fixed time interval, or remove the frost sticking to
the evaporator 18 when needed.

[0090] Inside the casing 25 having housed the flow path 28,
the flow path 29, and the nucleation unit 300 1s filled with the
heat storage material 24. In this case, the tlow path 28 1s in
contact with the heat storage material 24 located in the heat
exchange region 26. The flow path 29 contacts the heat stor-
age material 24 located 1n the heat exchange region 27. There-
fore, the tflow path 28 and the flow path 29 do not directly
contact each other.

[0091] The second heat medium having absorbed heat by
passing through the heat source 31 when the heat source 31 1s
generating heat, exchanges heat with the heat storage material
24 1n the heat exchange region 27 of the heat storage unit 19,
and the heat storage material 24 absorbs heat (stores heat). In
this case, the amount of heat that can be absorbed from the
second heat medium by the heat storage material 24 decreases
when the melting point of the heat storage material 24 1s high.
In contrast, the amount of heat that can be absorbed from the
heat storage material 24 by the first heat medium increases.

[0092] In this case, after having preliminarnly determined,
from the relation between the temperature of the second heat
medium and the temperature of the first heat medium, the
amount of heat to be absorbed by the heat storage material 24
from the second heat medium, a maternial of the heat storage
material 24 having a melting point satistying the amount of
heat can be selected.

[0093] In addition, when heat exceeding the amount that
can be stored 1n latent heat 1s supplied from the second heat
medium to the heat storage material 24, the temperature of the
heat storage material 24 rises higher than the melting point,
and heat 1s stored by sensible heat.

[0094] Inaddition, when the temperature of the heat storage
material 24 has risen higher than a predetermined value, the
temperature of the heat storage material 24 can be prevented
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from becoming higher than the predetermined value by cool-
ing the second heat medium by the radiator 33 provided in the
heat recovery circuit 30.

[0095] The nucleation unit 300 1s provided inside the heat
storage umt 19 and causes the heat storage material 24 to
nucleate. The nucleation unit 300 can be provided 1n a case
where a latent heat storage material capable of supercooling,
1s used as the heat storage material 24. As the nucleation unit
300, for example, an electrode which applies voltage to the
heat storage material 24, or the like can be exemplified. When
heat 1s desired to be absorbed from the heat storage material
24 1nto the first heat medium, 1.e., for example, when the frost
sticking to the evaporator 18 1s removed, the nucleation unit
300 may apply a voltage to the heat storage material 24. When
a voltage 1s applied to the heat storage material 24 by the
nucleation unit 300, the heat storage material 24 1s nucleated
with the heat storage material 24 1n the vicinity of the nucle-
ation unit 300 being the starting point. Nucleation of the heat
storage material 24 releases supercooling, and thus heat 1s
released from the heat storage material 24.

[0096] Providing the nucleation unit 300 also makes 1t pos-
sible to release heat from the heat storage material 24 at a
desired time. Accordingly, 1t becomes possible, for example,
to remove the frost sticking to the evaporator 18 at a fixed time
interval, or remove the frost sticking to the evaporator 18
when needed.

[0097] The mnner wall of the casing 25 1s provided with a
concave portion 301, and the concave portion 301 1s provided
above the nucleation unit 300. For example, the nucleation
unit 300 1s provided downward in the gravity direction, inside
the heat storage unit 19. In addition, the concave portion 301
1s provided upward in the gravity direction, on the inner wall
of the casing 25. When the heat storage material 24 1s nucle-
ated, the heat storage material 24 1s subject to phase change
from liquid to solid, and on this occasion, change of volume
(density) occurs. In the embodiment, nucleation 1s caused
from the lower side of the heat storage unit 19, by providing
the nucleation unit 300 downward 1n the gravity direction.
Then, the volume change having occurred by causing the heat
storage unit 19 to nucleate from the lower side 1s absorbed by
the concave portion 301 provided upward 1n the gravity direc-
tion of the heat storage unit 19.

[0098] FIG. 4 1s a schematic view 1llustrating the heat stor-
age unit according to another embodiment. Here, FIG. 4A 1s
a schematic cross-sectional view illustrating the heat storage
unit and FIG. 4B 1s a cross-sectional view taken along the line
between the arrows B-B' in FIG. 4A.

[0099] As shown in FIG. 4, the heat storage umt 19a 1s
provided with the casing 25, a flow path 128, the tlow path 29,
the heat storage material 24, and the nucleation unit 300.
[0100] The flow path 128 1s formed of a tubular member.
The flow path 128 has a spiral part 128a and joints 1285b
provided at both ends of the spiral part 128a.

[0101] Thespiral part128a1s provided in the heat exchange
region 26. The joint 1285 has the piping 32 connected thereto.

Accordingly, the first heat medium can tlow 1nside the tflow
path 128.

[0102] The heat storage unit 194 according to the embodi-
ment can obtain a function and effect similar to the above-
mentioned heat storage unit 19. In addition, the spiral part
128a being spiral-shaped can make circulation of the first heat
medium smooth.

[0103] The form of the tlow path provided 1n the heat stor-
age unit 1s not limited to one which has been illustrated. For
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example, the tlow path provided 1n the heat storage unit can be
formed of a tubular member 1n a meandering manner.
[0104] Next, an operation method of the air conditioning
system 1 will be illustrated.

(Cooling Operation)

[0105] FIG. S5 1s a flowchart illustrating an operation
method of the cooling side circuit 10a. When 1nstructed to
perform cooling inside the vehicle (step S01), the outflow side
of the compressor 11 and the piping 22 are connected (step
S02) by performing switching by the switching valve 14.
Subsequently, by driving the compressor 11, the first heat
medium 1s caused to circulate 1n the cooling side circuit 10a
(step S03).

[0106] Inthis case, after having released heat to the outside
of the vehicle in the condenser 12, the first heat medium
which has been compressed in the compressor 11 1s expanded
in the expansion valve 15 and draws heat from the air in the
evaporator 17. When the blower fan 21a operates, the air
having heat drawn 1n the evaporator 17 1s supplied into the
vehicle. In this manner, cooling operation 1s performed.

(Heating Operation)

[0107] When nstructed to perform heating, the outflow
side of the compressor 11 and the piping 234 are connected by
performing switching by the switching valve 14. Subse-
quently, by driving the compressor 11, the first heat medium
1s caused to circulate 1n the heating side circuit 105.

[0108] In this case, the first heat medium which has been
compressed 1n the compressor 11 1s condensed 1n the con-
denser 13, and causes the air supplied by the blower fan 21a
to absorb the condensation heat. Subsequently, the first heat
medium 1s expanded 1n the expansion valve 16, circulates in
the heating side circuit 105 by passing through the heat stor-
age unit 19 and the evaporator 18, and returning to the com-
pressor 11 again.

[0109] The heat storage unit 19 1s filled with the heat stor-
age material 24 having a melting point higher than the tem-
perature of the inflowing first heat medium.

[0110] Since a large amount of heat 1s generated 1n the heat
source 31, the heat can be recovered 1n the heat recovery
circuit 30. Then, by causing the first heat medium to absorb
the recovered heat via the heat storage unit 19, a part of the
first heat medium can be vaporized. Accordingly, 1n the heat
storage unit 19, by vaporizing a part of the first heat medium,
evaporation in the evaporator 18 can be assisted. As a result,
it becomes possible to reduce power consumption in the
evaporator 18.

[0111] In addition, 1t 15 also possible to release heat from
the heat storage material 24 by the above-mentioned nucle-
ation unit 300 at a desired time. Accordingly, 1t1s possible, for
example, to remove the frost sticking to the evaporator 18 at
a fixed time interval, or remove the frost sticking to the
evaporator 18 when needed.

[0112] In confrast, in the heat recovery circuit 30, the heat
generated by the heat source 31 1s absorbed by the heat
storage unit 19, and thus the amount of heat to be released by
the radiator 33 1s reduced. Therefore, 1t becomes possible to
reduce power consumption for releasing heat 1n the radiator

33.

[0113] Since functions of respective components for cool-
ing and heating operations are similar to that mentioned
above, detailed description thereof 1s omitted.
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Second Embodiment

[0114] FIG. 6 1s a block diagram illustrating an air condi-
tioming system according to a second embodiment.

[0115] Asshown in FIG. 6, an air conditioning system 50 1s
provided with a heat pump circuit 51 and the heat recovery
circuit 30.

[0116] The heat pump circuit 31 1s provided with the cool-
ing side circuit 10a and a heating side circuit 10¢. The cooling
side circuit 10q lowers the temperature of the air used for
cooling inside the vehicle by absorbing heat from the air
supplied into the vehicle.

[0117] The heating side circuit 10c¢ raises the temperature
of the air used for heating mside the vehicle by causing the air
supplied 1nto the vehicle to absorb heat.

[0118] The heating side circuit 10c 1s provided with the
compressor 11, the switching valve 14, the condenser 13, the
expansion valve 16, a switching valve 20, the heat storage unit
19, the evaporator 18, the pipings 23a, 235, 23¢ (correspond-
ing to an example of the first flow path), and 23d (correspond-
ing to an example of the second tlow path), and a temperature
measuring unit 18a (corresponding to an example of the first
temperature measuring unit).

[0119] One outflow side of the switching valve 20 has the
inflow side of the heat storage unit 19 connected thereto via
the piping 23c. The other outtlow side of the switching valve
20 has the intlow side of the evaporator 18 connected thereto
via the piping 234, The inflow side of the switching valve 20
has the outtlow side of the expansion valve 16 connected
thereto via the piping 23a.

[0120] The switching valve 20 1s provided on the outflow
side of the expansion valve 16, and switches between the
piping 23c¢ and the piping 23d so that the first heat medium in
a gas-liquid two-phase state which has flown out from the
expansion valve 16 flows into any of the piping 23¢ and the
piping 23d. The switching valve 20 can be, for example, a
three-way valve which 1s provided with an electromagnetic
coil and which switches the tlow path by supplying or termi-
nating power to the electromagnetic coil. However, the
switching valve 20 1s not limited to a three-way valve, and
may be, for example, an on-oif valve provided to both the
piping 23c¢ and the piping 23d.

[0121] The evaporator 18 1s provided downstream of the
confluence point of the piping 23¢ and the piping 234, on the
intake side of the compressor 11.

[0122] The temperature measuring unit 18a measures the
temperature of the evaporator 18. The switching valve 20
performs switching, based on the temperature of the evapo-
rator 18 measured by the temperature measuring unit 184, so
that the first heat medium flows through either the piping 23c¢
or the piping 234d.

[0123] In the embodiment, the heat storage unit 19 can be
selectively used by switching the flow of the first heat medium
by the switching valve 20. Therefore, when the above-men-
tioned nucleation unit 300 1s not provided, 1.¢., for example,
even when latent heat storage material 1s not used as the heat
storage material 24, 1t 1s possible to cause the {first heat
medium to absorb heat 1n the heat storage unit 19 at a desired
time. Accordingly, 1t becomes possible, for example, to
remove the frost sticking to the evaporator 18 at a fixed
interval, or to remove the frost sticking to the evaporator 18
when needed.

[0124] Controlling the switching by the switching valve 20
based on the measurement result by the temperature measur-
ing unit 18a will be described below.
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[0125] Operation by the driver or the like also makes 1t
possible to perform switching by the switching valve 20.
[0126] Next, an operation method of the air conditioning
system 30 will be 1llustrated.

[0127] Sincethe cooling operation may be configured to be
similar to the operation method in the cooling side circuit 10a
illustrated in FIG. 5, description thereof 1s omitted.

(Heating Operation)

[0128] Inthefollowing, as an example, a case of controlling
the switching by the switching valve 20 based on the mea-
surement result by the temperature measuring unit 18a will be
illustrated.

[0129] FIG. 7 1s a flowchart illustrating an operation
method 1n the heating side circuit 10c.

[0130] When instructed to perform heating inside the
vehicle (step S11), the inflow side of the condenser 13 and the
outtlow side of the compressor 11 are connected by perform-
ing switching by the switching valve 14 (step S12).

[0131] Next, the temperature of the evaporator 18 (T ,) 1s
measured by the temperature measuring unit 18a (step S13).
The measured temperature of the evaporator 18 can be con-
verted 1nto the temperature of the first heat medium flowing
inside the evaporator 18. In this case, by preliminarily obtain-
ing the relation between the temperature of the evaporator 18
and the temperature of the first heat medium flowing nside
the evaporator 18 from an experiment or the like, temperature
conversion can be performed based on the obtained relation.
[0132] When the measured temperature of the evaporator
18 1s higher than a predetermined value, the switching valve
20 performs switching so that the first heat medium flows
through the piping 234.

[0133] For example, when the temperature of the evapora-
tor 18 (T, ,) 1s not less than the predetermined lower limit
(T, . ), inflow of the first heat medium into the heat storage
unit 19 side 1s blocked by the switching valve 20 (steps S14
and S135a).

[0134] Subsequently, by driving the compressor 11, the
first heat medium 1s caused to circulate through a predeter-
mined path 1n the heating side circuit 10c¢ (step S16). That 1s,
the first heat medium 1s caused to circulate in the compressor
11, the switching valve 14, the condenser 13, the expansion
valve 16, the switching valve 20, and the evaporator 18.
[0135] In this case, the air blown to the condenser 13 1s
heated by absorbing heat from the gas of the first heat
medium, and the heated air 1s supplied 1nto the vehicle to be
used for heating inside the vehicle.

[0136] In addition, since the heat stored 1n the heat storage
material 24 1n the heat storage unit 19 1s not absorbed by the
first heat medium, the heat from the heat recovery circuit 30
can be stored 1n the heat storage material 24.

[0137] In contrast, when the measured temperature of the
evaporator 18 1s lower than the predetermined value, switch-
ing 1s performed so that the first heat medium flows through
the piping 23c.

[0138] For example, when the temperature of the evapora-
tor 18 (1 _, ,) 1s lower than the predetermined lower limit
(T_ . ), intlow of the first heat medium 1nto the heat storage
unit 19 side 1s carried out by the switching valve 20 (steps S14
and S155).

[0139] Subsequently, by driving the compressor 11, the
first heat medium 1s caused to circulate through a predeter-
mined path 1n the heating side circuit 10c¢ (step S16). That 1s,
the first heat medium 1s caused to circulate in the compressor
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11, the switching valve 14, the condenser 13, the expansion
valve 16, the switching valve 20, the heat storage unit 19, and
the evaporator 18.

[0140] Also 1n this case, the air blown to the condenser 13
1s heated by absorbing heat from the gas of the first heat
medium, and the heated air 1s supplied 1nto the vehicle to be
used for heating inside the vehicle.

[0141] Here, under a low-temperature and high-humidity
environment such as 1n cold areas, freezing of moisture 1n the
alr may cause frost to stick to the evaporator 18. Since frost
sticking to the evaporator 18 decreases the heat exchange
eiliciency (ability of vaporizing the first heat medium) in the
evaporator 18, heating performance may significantly
degrade.

[0142] Therefore, the embodiment 1s configured to deter-
mine whether or not frost 1s sticking by measuring the tem-
perature of the evaporator 18 (T, ,) by the temperature mea-
suring unit 18a provided 1n the evaporator 18.

[0143] For example, when the temperature of the evapora-
tor 18 (1_, ,) 1s lower than the predetermined lower limit
(T, . ), 1t1s determined that frost 1s sticking, and the first heat
medium 1s caused to tlow 1nto the heat storage unit 19 side. As
described above, the first heat medium which has flown into
the flow path 28 of the heat storage unit 19 absorbs heat from
the heat storage material 24. Theretfore, load on the evaporator
18 1s reduced, and thus the amount of sticking frost can be
reduced. In addition, a heater may be provided 1n the evapo-
rator 18.

[0144] Furthermore, a latent heat storage material capable
of supercooling 1s used as the heat storage material 24, and
when the latent heat storage material 1s 1n a supercooled state,
supercooling 1s released by the nucleation unit 300 after 1t has
been determined that the temperature of the evaporator 18
(T,.,) 1s lower than the predetermined lower limit (T, . ).
Accordingly, even when the period from storing heat 1n the
heat storage material 24 to releasing the heat 1s long, heat at
the melting point can be released from the heat storage mate-
rial 24, and thus the first heat medium can absorb sufficient
heat.

Third Embodiment

[0145] FIG. 8 1s a block diagram 1illustrating an air condi-
tioming system according to a third embodiment.

[0146] AsshowninFIG. 8, the air conditioning system 100
1s provided with the heat pump circuit 101 and the heat
recovery circuit 30.

[0147] The heat pump circuit 101 1s provided with the
cooling side circuit 10q and the heating side circuit 104.
[0148] The cooling side circuit 10a lowers the temperature
of the air used for cooling inside the vehicle drop by absorb-
ing heat from the air supplied into the vehicle.

[0149] The heating side circuit 104 raises the temperature
of the air used for heating 1nside the vehicle by causing the air
supplied into the vehicle to absorb heat.

[0150] The heating side circuit 104 1s provided with the
compressor 11, the switching valve 14, the condenser 13, the
expansion valve 16, the switching valve 20, the heat storage
unit 190, the evaporator 18, the pipings 22a to 234, the tem-
perature measuring unit 18q, and a temperature measuring,
unit 11a (corresponding to an example of the second tempera-
ture measuring unit).

[0151] One outtlow side of the switching valve 20 has the
inflow side of the heat storage unit 190 connected thereto via
the piping 23c. The other outtlow side of the switching valve
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20 had the intlow side of the evaporator 18 connected thereto
via the piping 23d. The mflow side of the switching valve 20
has the outflow side of the expansion valve 16 connected
thereto via the piping 23a.

[0152] The switching valve 20 switches the supply of the
first heat medium 1n a gas-liquid two-phase state, flown out
from the expansion valve 16, to either of the heat storage unit
190 and the evaporator 18.

[0153] The temperature measuring unit 11a measures the
temperature of the compressor 11.

[0154] The switching valve 20 performs switching, based
on the temperature of the compressor 11 measured by the
temperature measuring unit 11a, so that the first heat medium
flows through either the piping 23¢ or the piping 234. In
addition, the switching valve 20 performs switching, based on
the temperature of the compressor 11 measured by the tem-
perature measuring unit 11a and the temperature of the
evaporator 18 measured by the temperature measuring unit
18a, so that the first heat medium flows through either the
piping 23¢ or the piping 234.

[0155] Alsontheair conditioning system 100 according to
the embodiment, the heat storage unit 190 can be selectively
used by switching the tlow of the first heat medium by the
switching valve 20.

[0156] Controlling the switching by the switching valve 20
based on the measurement result by the temperature measur-
ing unit 11q and the temperature measuring unit 18a will be
described below.

[0157] Operation by the driver or the like also makes 1t
possible to perform switching by the switching valve 20.

[0158] Next, the heat storage umit 190 will be further 1llus-
trated.
[0159] FIG. 9 1s a schematic view 1llustrating the heat stor-

age unit. FIG. 9A 1s a schematic cross-sectional view 1llus-
trating the heat storage unit and FIG. 9B 1s a cross-sectional
view taken along the line between the arrows C-C'in FIG. 9A.
[0160] As shown in FIG. 9, the heat storage unit 190 1s
provided with the casing 25, the flow path 128, a flow path
129, the heat storage material 24, the nucleation unit 300, and
the temperature measuring unit 11a.

[0161] The flow path 129 1s formed of a tubular member.
The flow path 129 has a spiral part 129a and joints 1295
provided at both ends of the spiral part 129a.

[0162] Thespiral part129a1s provided inthe heat exchange
region 27 provided inside the heat exchange region 26. The
jomt 1295 has the piping 32 connected thereto. Accordingly,
the second heat medium can flow 1nside the flow path 129.
[0163] The compressor 11 1s thermally connected to the
heat storage umt 190.

[0164] With regard to that illustrated in FIG. 9, the com-
pressor 11 1s provided 1n a manner penetrating the center of
the casing 25, and the heat storage material 24 and the casing
235 contact the outer face of the compressor 11. Then, the outer
periphery side of the compressor 11 inside the casing 235
becomes the heat exchange region 27.

[0165] Since the compressor 11 generates heat when the
compressor 11 1s operated, the compressor 11 also serves as
the heat source. Therefore, 1n the heat storage umt 190, heat
generated from the compressor 11 can also be stored 1n the
heat storage material 24.

[0166] In this case, when the temperature of the heat stor-
age material 24 1s lower than the temperature of the compres-
sor 11, heat from the compressor 11 1s absorbed (stored), via
the casing 25 or directly, in the heat storage material 24. In
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contrast, when the temperature of the heat storage material 24
1s higher than the temperature of the compressor 11, heat from
the heat storage material 24 will be absorbed by the compres-
sor 11.

[0167] Next, an operation method of the air conditioning
system 100 will be 1llustrated.

[0168] Since the cooling operation can be configured to be
similar to the operation method in the cooling side circuit 10qa
illustrated 1n FIG. 5, description thereot 1s omitted.

(Heating Operation)

[0169] Inthefollowing, as anexample, a case ol controlling
the switching by the switching valve 20 based on the mea-
surement result by the temperature measuring umt 11aq and
the temperature measuring unit 18a will be 1llustrated.
[0170] FIG. 10 1s a flowchart illustrating an operation
method 1n the heating side circuit 104,

[0171] When instructed to perform heating inside the
vehicle (step S31), the inflow side of the condenser 13 and the
outtlow side of the compressor 11 are connected by perform-
ing switching by the switching valve 14 (step S32).

[0172] Next, the temperature ot the compressor 11 (T_,,, )
1s measured by the temperature measuring unit 11a (step
S33).

[0173] When the measured temperature of the compressor
11 1s lower than a predetermined value, the switching valve 20
performs switching so that the first heat medium flows
through the piping 234.

[0174] For example, when the temperature of the compres-
sor 11 (T,,,,,) 1s lower than a predetermined lower limit
(Leomp._min)» Milow of the first heat medium into the heat
storage umt 190 side 1s blocked by the switching valve 20
(steps S34 and S37).

[0175] In this case, by driving the compressor 11 (step
S539), the first heat medium 1s caused to circulate through a
predetermined path in the heating side circuit 104. That 1s, the
first heat medium 1s caused to circulate 1n the compressor 11,
the switching valve 14, the condenser 13, the expansion valve
16, the switching valve 20, and the evaporator 18.

[0176] In this case, the air blown to the condenser 13 1s
heated by absorbing heat from the gas of the first heat
medium, and the heated air 1s supplied 1nto the vehicle to be
used for heating inside the vehicle.

[0177] In addition, since the heat stored 1n the heat storage
material 24 1n the heat storage unit 190 1s not absorbed by the
first heat medium, the heat from the heat recovery circuit 30
can be stored in the heat storage material 24.

[0178] Inaddition, a latent heat storage material capable of
supercooling 1s used as the heat storage material 24 and, when
the latent heat storage material 1s 1n a supercooled state,
supercooling 1s released by the nucleation unit 300 after 1t has
been determined that the temperature of the compressor 11
(Teomp) 18 lower than the predetermined lower limit (T,
_ ). Accordingly, the heat stored in the heat storage material
24 can be absorbed by the compressor 11.

[0179] When the temperature of the compressor 11 1s low,
there 1s a risk 1n which the heat may escape from the gas of the
compressed, high-temperature first heat medium to the com-
pressor 11, resulting in a reduced heating performance.
[0180] Theretfore, for example, when it 1s determined that
the temperature ofthe compressor 11 (T, ) 1s lower than the
predetermined lower limit (1, , ,..,.), heat1s provided from
the heat storage tank 190 to the compressor 11, and thus
escape of heat from the compressor 11 1s suppressed.
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[0181] In contrast, for example, when the temperature of
the compressor (1_,,,,) 1s not less than the predetermined
lower limit (T _,,,,,, ,.:,,)> the temperature of the evaporator 18
(T, ,) 1s measured by the temperature measuring unit 18a

(steps S34 and S35).

[0182] When, for example, the temperature of the evapora-
tor 18 (T,,,) 1s not less than the predetermined lower limit
(T, . ), nflow of the first heat medium 1nto the heat storage
unit 190 side 1s blocked by the switching valve 20 (steps S36
and S37).

[0183] In this case, by driving the compressor 11 (step
S39), the first heat medium 1s caused to circulate through a
predetermined path in the heating side circuit 104, That 1s, the
first heat medium 1s caused to circulate 1n the compressor 11,
the switching valve 14, the condenser 13, the expansion valve
16, the switching valve 20, and the evaporator 18.

[0184] For example, when the temperature of the compres-
sor 11 (T_,,,,) 1s not less than the predetermined lower limit
(T eomp min) and the temperature ot the evaporator 18 (T ,,,) 1s
not less than the predetermined lower limit (T, . ), heat from
the compressor 11 and heat from the heat recovery circuit 30
are stored 1n the heat storage material 24. In this case, since
inflow of the first heat medium 1nto the heat storage unit 190
side 1s blocked by the switching valve 20, the heat stored 1n
the heat storage material 24 1s not absorbed by the first heat
medium.

[0185] In contrast to this, for example, when the tempera-
ture of the evaporator 18 (T ,) 1s lower than the predeter-
mined lower limat (T, . ), inflow of the first heat medium into

the heat storage unit 190 side 1s caused by the switching valve
20 (steps S36 and S38).

[0186] In this case, by driving the compressor 11 (step
S39), the first heat medium 1s caused to circulate through a
predetermined path in the heating side circuit 104, That 1s, the
first heat medium 1s caused to circulate 1n the compressor 11,
the switching valve 14, the condenser 13, the expansion valve
16, the switching valve 20, the heat storage unit 190, and the
evaporator 18.

[0187] For example, when the temperature of the compres-
sor 11 (T_,,,,) 1s not less than the predetermined lower limit
(T eomp. min) and the temperature ot the evaporator 18 (1, ,) 1s
lower than the predetermined lower limit (T, . ), inflow of the
first heat medium 1nto the heat storage unit 190 side 1s caused
by the switching valve 20. The first heat medium having flown
into the flow path 128 of the heat storage unit 190 absorbs the
heat from the heat storage material 24. Accordingly, load on
the evaporator 18 1s reduced, and thus the amount of sticking
frost can be reduced. A heater may be provided 1n the evapo-
rator 18.

[0188] Inaddition, a latent heat storage material capable of
supercooling 1s used as the heat storage material 24 and, when
the latent heat storage material 1s 1n a supercooled state,
supercooling 1s released by the nucleation unit 300 after 1t has
been determined that the temperature of the compressor 11
(T ¢omp) 18 n0Ot less than the predetermined lower limat (1, ,
_ ) and the temperature of the evaporator 18 (T _,,) 1s lower
than the predetermined lower limit (T _ . ). Accordingly, even
when the period from storing heat in the heat storage material
24 to releasing the heat 1s long, heat at the melting point can
be released from the heat storage material 24, and thus the first
heat medium can absorb sufficient heat.

[0189] In the embodiment, when the temperature of the
compressor 11 and the temperature of the second heat
medium are higher than the temperature of the heat storage
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material 24, the heat storage material 24 absorbs heat from the
compressor 11 and the second heat medium.

[0190] Incontrastto this, when the temperature of the com-

pressor 11 or the temperature of the first heat medium 1s low,
the compressor 11 or the first heat medium absorbs heat from
the heat storage material 24.

[0191] Therelore, in an electric vehicle or a fuel-cell
vehicle, since heat can be used more efficiently inside the
vehicle, power consumption when operating the air condi-
tioming system can be further suppressed.

[0192] According to the embodiment illustrated above, an
air conditioning system capable of reducing power consump-
tion can be realized.

[0193] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the nventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the invention. Moreover, above-mentioned embodiments can
be combined mutually and can be carried out.

What 1s claimed 1s:

1. An air conditioning system comprising:

a compressor which compresses and discharges a first heat
medium taken therein;

a condenser provided on a discharge side of the compres-
SOF';

an expansion valve provided on the outflow side of the
condenser;

a switching valve which is provided on the outflow side of
the expansion valve and which performs switching so
that the first heat medium flows through either a first flow
path or a second flow path;

an evaporator provided downstream of contluence position
of the first flow path and the second flow path, on the
intake side of the compressor;

a pump which supplies a second heat medium to the heat
SOurce;

a radiator which releases heat of the second heat medium
supplied to the heat source; and

a heat storage unit having a heat storage material, wherein
the heat storage unit has

a first heat exchange region 1n which heat 1s exchanged
between the first heat medium flowing through the
first flow path and the heat storage material, and

a second heat exchange region which 1s provided
upstream of the radiator and i which heat 1s
exchanged between the second heat medium supplied
to the heat source and the heat storage materal.

2. The system according to claim 1, wherein the first flow
path connects one outtlow side of the switching valve and the
evaporator via the heat storage unit, and the second flow path
connects the other outtlow side of the switching valve and the
evaporator.

3. The system according to claim 1, wherein the second
heat exchange region 1s provided closer to a center of the heat
storage unit than the first heat exchange region.
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4. The system according to claim 1, wherein the heat stor-
age unit has a cylindrical shape, the first heat exchange region
1s provided on a side of an inner wall of the cylindrical heat
storage unit, and the second heat exchange region 1s provided
on a side of a center of the cylindrical heat storage unit.

5. The system according to claim 1 further comprising a
first temperature measuring unit which measures temperature
of the evaporator, wherein the switching valve performs
switching, based on the measured temperature of the evapo-
rator, so that the first heat medium flows through either the
first flow path or the second flow path.

6. The system according to claim 1, wherein

the switching valve performs switching so that the first heat
medium flows through the second flow path when the
measured temperature of the evaporator 1s higher than a
predetermined value, and

the switching valve performs switching so that the first heat
medium flows through the first flow path when the mea-
sured temperature of the evaporator 1s lower than a pre-
determined value.

7. The system according to claim 1, wherein the compres-
sor 1s thermally connected to the heat storage unait.

8. The system according to claim 7, further comprising a
second temperature measuring unit which measures tempera-
ture of the compressor, wherein the switching valve performs
switching, based on the measured temperature of the com-
pressor, so that the first heat medium tlows through either the
first flow path or the second flow path.

9. The system according to claim 8, wherein the switching
valve performs switching so that the first heat medium flows
through the second tlow path when the measured temperature
of the compressor 1s lower than a predetermined value.

10. The system according to claim 1, further comprising a
nucleation unit which 1s provided inside the heat storage unit
and causes the heat storage material to nucleate.

11. The system according to claim 1, wherein the heat
storage material 1s a latent heat storage material.

12. The system according to claim 11, wherein the latent
heat storage material includes at least one type selected from
the group consisting of sodium acetate hydrate, sodium sul-

phate hydrate, parailin, erythritol, and sodium acetate trihy-
drate.

13. The system according to claim 9, further comprising a
first temperature measuring unit which measures temperature
of the evaporator, wherein

the heat storage material 1s a latent heat storage material
capable of supercooling, and

when the heat storage material 1s 1n a supercooled state, and
the measured temperature of the evaporator 1s lower than
a predetermined value,

the nucleation unit releases the supercooled state of the
heat storage materal.

14. The system according to claim 9, wherein the nucle-
ation unit 1s an electrode which applies a voltage to the heat
storage material.

15. The system according to claim 9, wherein the nucle-
ation unmit causes the heat storage material to nucleate at a
fixed time 1nterval.

16. The system according to claim 10, wherein

the nucleation unit 1s provided downward 1n the gravity
direction 1nside the casing.
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17. The system according to claim 1, further comprising a

heating unit which heats the heat storage material.

18. An air conditioning system comprising:
a compressor which compresses and discharges a first heat
medium taken therein;

a condenser provided on a discharge side of a discharge
side of the compressor;

an expansion valve provided on the outflow side of the
condenser:

an evaporator provided on the outflow side of the expan-
sion valve, and also on the intake side of the compressor;

a pump which supplies a second heat medium to the heat
source;

a radiator which releases heat of the second heat medium
supplied to the heat source; and

a heat storage unit having a heat storage material, wherein
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the heat storage unit has

a {irst heat exchange region which 1s provided upstream
of the evaporator and in which heat 1s exchanged
between the first heat medium and the heat storage
material, and

a second heat exchange region which 1s provided
upstream of the radiator and in which heat 1is
exchanged between the second heat medium supplied
to the heat source and the heat storage material.

19. The system according to claim 18, wherein the second
heat exchange region 1s provided closer to the center of the
heat storage unit than the first heat exchange region.

20. The system according to claim 18, wherein the heat
second exchange region 1s provided adjacent to the first heat
exchange region.



	Front Page
	Drawings
	Specification
	Claims

