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(54)  Air conditioner

(57)  An air conditioner includes a heat storage unit
having a heat storage medium, a first heat exchanger for
heat exchange with air in a compartment, a second heat
exchanger for heat exchange with outside air, and a pel-
tier unithaving afirstand second heat exchange surfaces
opposite to each other. The first heat exchange surface
is thermally conductive to the heat storage unit, and the
second heat exchange surface is thermally conductive
to the first and second heat exchangers. In heat storage
mode electric current flows through the peltier unit in one
direction to provide heat transfer between the second
heat exchanger and the heat storage unit. In air condi-
tioningmode electric current flows through the peltier unit
in the other direction to provide heat transfer between
the first heat exchanger and the heat storage unit.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to an air condi-
tioner, and more particularly to an air conditioner using
a heat storage medium.

[0002] Japanese Unexamined Patent Application
Publication No. 62-153658 discloses a conventional air
conditioner. In the air conditioner, two-stage compres-
sion using a single-stage compressor is performed with
atime interval by using a heat storage, unitfor latent heat
storage in various operating conditions. Heat storage in
the heat storage unit is performed using electric power
during the nighttime. The stored heat is used as a heat
source for air conditioning, resulting in a reduced air con-
ditioning cost.

[0003] Fig. 11 is a schematic view of the conventional
air conditioner. As shown in the drawings, the air condi-
tioner includes a single-stage compressor 101, heat ex-
changers 103, 104, 105 serving as a condenser or evap-
orator, an expansion valve 113, and a reservoir 115.
These components are connected through a piping to
form a refrigerant circuit. The refrigerant circuit is provid-
ed with plural valves 107, 108, 108, 110, 111, 112 for
changing flow path. The air conditioner further includes
a heat storage unit 106 having a latent heat storage me-
dium and a pump 114 which are connected to the heat
exchanger 104 through the pipe. The pump 114 is oper-
ated so that fresh water (or brine) is circulated between
the heat storage unit 106 and the heat exchanger 104.
The heat exchanger 103 is for heat exchange with the
water flowing through an air conditioning unit 102, and
the heat exchanger 105 is for heat exchange with the
outside air.

[0004] During the nighttime in the summer, the refrig-
erant compressed by the compressor 101 is evaporated
in the heat exchanger 104 so as to cool the water circu-
lating between the heat exchanger 104 and the heat stor-
age unit 106. The cooled water serves to cool and solidify
the heat storage medium of the heat storage unit 106.
During the nighttime in the summer, cooling operation is
not performed.

[0005] During the daytime in the summer, refrigerant
flow path is changed for cooling operation. The refriger-
ant after heat exchange in the heat exchanger 103 as an
evaporator is compressed by the compressor 101 and
thentransferredtothe heat exchanger 104 as a condens-
er. In the heat exchanger 104, the refrigerant is con-
densed by heat exchange with the water circulating be-
tween the heat exchanger 104 and the heat storage unit
106 while releasing the latent heat of the heat storage
medium. Then the refrigerant is evaporated in the heat
exchanger 103, and the water flowing through the air
conditioning unit 102 is cooled on the heat exchanger
103.

[0006] During the nighttime in the winter, refrigerant
flow path is changed so that the heat exchanger 105 for
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heat exchange with the outside air serves as the evap-
orator and the heat exchanger 104 serves as the con-
denser. The refrigerant cooled by heat exchange with
the outside airis compressed by the compressor 101 and
then cooled by heat exchange with the water in the heat
exchanger 104 as the condenser. The heated water after
heat exchange is used for heat storage in the heat stor-
age unit 106.

[0007] Duringthe daytimeinthe winter, refrigerant flow
path is changed for heating operation. The refrigerant
compressed by the compressor 101 is transferred to the
heat exchanger 103 as the condenser for heat exchange
with the water flowing through the air conditioning unit
102. The refrigerant after heat exchange is evaporated
in the heat exchanger 104 where heat is exchanged be-
tween the refrigerant and the water circulating through
the heat exchanger 104 and the heat storage unit 106
so that heat is transferred from the water to the refriger-
ant.

[0008] Inthe above air conditioner, however, a vapor
compression refrigeration cycle by acompressor is used,
andtherefore a refrigerant flow path needs to be switched
depending on the change of operating conditions be-
tween the air conditioning and the heat storage or be-
tween the cooling and the heating, which may resultin a
complicated heat transfer path.

[0009] The present invention is directed to providing
an air conditioner that allows a heat transfer path to be
simplified regardless of operating conditions.

SUMMARY OF THE INVENTION

[0010] Inaccordance with an aspect of the present in-
vention, an air conditioner includes a heat storage unit
having a heat storage medium, a first heat exchanger for
heat exchange with air in a compartment, a second heat
exchanger for heat exchange with outside air, and a pel-
tier unit having a peltier device. The peltier unit has a first
heat exchange surface and a second heat exchange sur-
face opposite to each other. The first heat exchange sur-
face is thermally conductive to the heat storage unit, and
the second heat exchange surface is thermally conduc-
tive to the first and second heat exchangers. In heat stor-
age mode electric current flows through the peltier unit
in one direction to provide heattransfer between the sec-
ond heat exchanger and the heat storage unit for heat
storage in the heat storage medium. In air conditioning
mode electric current flows through the peltier unit in the
other direction to provide heat transfer between the first
heat exchanger and the heat storage unit for air condi-
tioning of the compartment.

[0011] In accordance with another aspect of the
present invention, an air conditioner includes a heat stor-
age unithaving a heat storage medium, aheat exchanger
for heat exchange with air in a compartment or outside
air, and a peltier unit having a peltier device. The peltier
unit has a first heat exchange surface and a second heat
exchange surface opposite to each other. The first heat
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exchange surface is thermally conductive to the heat
storage unit, and the second heat exchange surface is
thermally conductive to the heat exchanger. In heat stor-
age mode electric current flows through the peltier unit
in one direction to provide heat transfer between the out-
side air and the heat storage unit through the heat ex-
changer for heat storage in the heat storage medium. In
air conditioning mode electric current flows through the
peltier unit in the other direction to provide heat transfer
between the air in the compartment and the heat storage
unit through the heat exchanger for air conditioning of
the compartment.

[0012] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]
Fig. 1 is a schematic plan view of an electric vehicle
equipped with an air conditioner according to a first

embodiment of the present invention;

Fig. 2 is a schematic view of the air conditioner of
Fig. 1;

Fig. 3 is a graph illustrating maximum COP of a pel-
tier unit of the air conditioner;

Fig. 4A is a schematic view explaining the operation
of the air conditioner and showing cold storage op-
eration in high temperature environment;

Fig. 4B is similar to Fig. 4A, but showing cooling op-
eration in high temperature environment;

Fig. 5Ais similarto Fig. 4A, butshowing heat storage
operation in low temperature environment;

Fig. 5B is similar to Fig. 4A, but showing heating
operation in low temperature environment;

Fig. 6A is similar to Fig. 4A, but showing cooling op-
eration in medium temperature environment;

Fig. 6B is similar to Fig. 4A, but showing heating
operation in medium temperature environment;

Figs. 7A and 7B are similar to Fig. 4A, but showing
heating operation using waste heat;

Fig. 8 is a schematic view of an air conditioner as a
modification of the first embodiment;

Fig. 9 is a schematic view of an air conditioner ac-
cording to a second embodiment of the present in-

10

15

20

25

30

35

40

45

50

55

vention;

Fig. 10 is a schematic view of an air conditioner ac-
cording to a third embodiment of the present inven-
tion; and

Fig. 11 is a schematic view of a conventional air con-
ditioner as a background art.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0014] The following will describe the first embodiment
of the air conditioner according to the present invention
with reference to the accompanying drawings. In the em-
bodiment, the air conditioner is intended to be used in an
electric vehicle.

[0015] Referring to Fig. 1, an electric vehicle 10 has a
compartment 11 at the middle thereof and a motor room
12 forward of the compartment 11. The motor room 12
is a space formed by part of the vehicle body such as
frames and side members (neither being shown). The
motor room 12 receives therein an electric motor 13 that
is driven by electric power supplied by an in-vehicle bat-
tery (not shown). Torque generated by the electric motor
13 is transmitted through a drivetrain (not shown) to
wheels (not shown) of the electric vehicle 10.

[0016] Electric power for driving the electric motor 13
is controlled by a power control unit 14 (hereinafter re-
ferred to as PCU) provided adjacent to the electric motor
13. The PCU 14 mainly includes an inverter (not shown)
for converting direct current power from the battery into
alternating current power, and a battery voltage booster
(not shown). The PCU 14 is connected through electric
cables (not shown) to the electric motor 13 and the bat-
tery. Heat generated in the components such as the elec-
tric motor 13, the PCU 14 and the drivetrain is usually
referred to as waste heat of the system.

[0017] The air conditioner which is designated gener-
ally by numeral 20 is provided in the motor room 12. The
air conditioner 20 includes a heat storage unit 21 having
therein a heat storage medium M (see Fig. 2), a peltier
unit 22 having a number of peltier devices, a first heat
exchanger 23 for heat exchange with the air in the com-
partment 11, a second heat exchanger 24 for heat ex-
change with the outside air, and a third heat exchanger
25 (see Fig. 2) for heat exchange with waste heat. Al-
though not shown in Fig. 1, these components of the air
conditioner 20 are connected to each other through the
circuits where heat medium is circulated. In the present
embodiment, antifreeze fluidis used forthe heat medium.
Circulation of heat mediumthrough such circuits and heat
transfer by heat exchange in the respective components
of the air conditioner 20 form thermal coupling between
the components of the air conditioner 20.

[0018] Referringto Fig. 2, the heat storage unit 21 has
a heat-insulated containerfilled with the heat storage me-
dium M. The heat storage medium M is made of a latent
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heat storage material having a melting point within the
range of 5 to 30 degrees Celsius. In the present embod-
iment, potassium fluoride tetrahydrate (KF-4H,0) having
a melting point of 18 degrees C is used for the heat stor-
age medium M. The phase of the heat storage medium
M is changed from liquid to solid when the temperature
of the heat storage medium M is decreased below 18
degrees C, and from solid to liquid when the temperature
of the heat storage medium M is increased over 18 de-
grees C.

[0019] The peltier unit 22 includes a unit body 26 hav-
ing a number of peltier devices, a first heat exchange
surface 27 formed over one end surfaces of the peltier
devices, a second heat exchange surface 28 formed over
the other end surfaces of the peltier devices. When elec-
tric current flows through the peltier devices in one direc-
tion, the first heat exchange surface 27 serves as a heat
absorbing surface and the second heat exchange sur-
face 28 as a heat radiating surface. When electric current
flows through the peltier devices in the other direction,
the first heat exchange surface 27 serves as a heat ra-
diating surface and the second heat exchange surface
28 as a heat absorbing surface. Fig. 3 is a graph illus-
trating maximum coefficient of performance (COP) of the
peltier unit 22. The horizontal axis represents tempera-
ture difference (AT) between the first and second heat
exchange surfaces 27, 28 of the peltier unit 22 when it
is energized, and the vertical axis represents maximum
COP.

[0020] As shown in Fig. 2, the air conditioner 20 in-
cludes a first heat medium circuit 29 where heat medium
is circulated between the peltier unit 22 and the heat stor-
age unit 21. Part of the first heat medium circuit 29 ex-
tends through the heat storage unit 21 to allow heat ex-
change between the heat medium flowing through the
first heat medium circuit 29 and the heat storage medium
M. Part of the first heat medium circuit 29 extends along
the first heat exchange surface 27 of the peltier unit 22
to allow heat exchange between the heat medium flowing
through the first heat medium circuit 29 and the first heat
exchange surface 27. That is, the heat storage unit 21 is
thermally coupled orthermally conductive to the first heat
exchange surface 27 of the peltier unit 22 through the
first heat medium circuit 29. The first heat medium circuit
29 is provided with a pump 30 forcirculating heat medium
in the first heat medium circuit 29 in one direction (first
circulation condition).

[0021] The airconditioner 20 includes an air circulation
passage 31 where air is circulated between the compart-
ment 11 and the first heat exchanger 23. The air circu-
lation passage 31 is provided with a fan 32 by which the
airinthe compartment 11 iscirculatedinthe air circulation
passage 31 in one direction. The first heat exchanger 23
has a space communicating with the compartment 11
through the air circulation passage 31 for heat exchange
with the air in the compartment 11.

[0022] The air conditioner 20 includes a second heat
medium circuit 33 where heat medium is circulated be-
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tween the peltier unit 22 and the first heat exchanger 23.
Part of the second heat medium circuit 33 extends
through the first heat exchanger 23 to allow heat ex-
change between the heat medium flowing through the
second heat medium circuit 33 and the air in the com-
partment 11. Part of the second heat medium circuit 33
extends also along the second heat exchange surface
28 of the peltier unit 22 to allow heat exchange between
the heat medium flowing through the second heat medi-
um circuit 33 and the second heat exchange surface 28.
That is, the first heat exchanger 23 is thermally coupled
to the second heat exchange surface 28 of the peltier
unit 22 through the second heat medium circuit 33. The
second heat medium circuit 33 is provided with a pump
34forcirculating heatmediuminthe second heat medium
circuit 33 in one direction.

[0023] The air conditioner 20 includes a third heat me-
dium circuit where heat medium is circulated between
the second heat exchange surface 28 of the peltier unit
22 andthe second heat exchanger 24. The second heat
exchanger 24 communicates with the outside S of the
vehicle 10, and the air in the outside S (or outside air) is
introduced into the second heat exchanger 24. in the
present embodiment, the third heat medium circuit is
formed by a passage 35 connecting the second heat ex-
changer 24 to the second heat medium circuit 33 and
part of the second heat medium circuit 33. The passage
35 is connected to the second heat medium circuit 33
through switching valves 36, 37. Depending on the po-
sitions of the switching valves 36, 37, heat medium is
circulated between the first heat exchanger 23 and the
second heat exchange surface 28 of the peltier unit 22,
between the second heat exchanger 24 and the second
heat exchange surface 28 through the third heat medium
circuit, or between the second heat exchanger 24 and
the first heat exchanger 23. That is, the second heat ex-
changer 24 is thermally coupled to the second heat ex-
change surface 28 of the peltier unit 22 through the third
heat medium circuit.

[0024] Although not shown in the drawing, the second
heat exchanger 24 is provided with a fan by which the
outside air is introduced into the second heat exchanger
24forheatexchange with heat medium. While the electric
vehicle 10 is running, the second heat exchanger 24 can
introduce the outside air without operating the fan.
[0025] The air conditioner 20 includes a fourth heat
medium circuit where heat medium is circulated between
the second heat exchanger 24 and the first heat ex-
change surface 27 of the peltier unit 22. in the present
embodiment, the fourth heat medium circuit is formed by
a passage 38 connecting the second heat exchanger 24
to the first heat medium circuit 29 and part of the first
heat medium circuit 29. The passage 38 is connected to
thefirstheat medium circuitit 29 through switching valves
39, 40. Depending on the positions of the switching
valves 39, 40, heat medium is circulated between the
heat storage unit 21 and the second heat exchange sur-
face 27 of the peltier unit 22, between the second heat
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exchanger 24 and the first heat exchange surface 27
through the fourth heat medium circuit (second circula-
tion condition), or between the second heat exchanger
24 and the heat storage unit 21. The switching valves
36, 37, 39, 40 correspond to the switching device of the
present invention for switching between the heat medium
circuits and for switching the operation of the air condi-
tioner 20 between the first circulation condition and the
second circulation condition.

[0026] The air conditioner 20 includes a fifth heat me-
dium circuit where heat medium is circulated between
the third heat exchanger 25 and the first heat exchange
surface 27 of the peltier unit 22. The third heat exchanger
25 is provided for heat exchange with the system waste
heat through heat medium. In the present embodiment,
the fifth heat medium circuit is formed by a passage 41
connecting the third heat exchanger 25 to the passage
35, part of the first heat medium circuit 29, part or whole
of the passage 35, and the passage 38. The passage 41
is connected to the passage 35 through switching valves
42, 43, 44. Depending on the positions of the switching
valves 42, 43, 44, heat medium is flowed through either
the second heat exchanger 24 or the third heat exchang-
er. 25, through both the second and third heat exchang-
ers 24, 25, or between the second and third heat ex-
changers 24, 25. The fifth heatmedium circuit is equipped
with a reversibly operable pump (not shown) for circulat-
ing heat medium in the fifth heat medium circuit (third
circulation condition). The switching valves 36, 37, 39,
40, 42, 43, 44 correspond to the switching device of the
present invention for switching between the heat medium
circuits and for switching the operation of the air condi-
tioner 20 between the first circulation condition and the
third circulation condition.

[0027] The air conditioner 20 includes a controller 45.
The controller 45 is used to set a target temperature of
the compartment 11 or target compartment temperature
(target heating temperature and target cooling tempera-
ture). The controller 45 controls the operation of the
pumps 30, 34, the fan 32, and the switching valves 36,
37, 39, 40, 42, 43, 44, and also the energization of the
peltier unit 22. The controller 45 is connected to temper-
ature sensors 46, 47, 48, 49, 50, 51, 52 provided at var-
ious positions in the air conditioner 20. The controller 45
controls the operation of various components of the air
conditioner 20 based on the signals from the temperature
sensors 46 through 52.

[0028] The temperature sensor 46 is for detecting the
temperature of the air in the outside S, and the temper-
ature sensor 47 is for detecting the temperature of the
air in the compartment 11. The temperature sensor 48
is for detecting the temperature of the heat medium flow-
ing through the first heat medium circuit 29, and the tem-
perature sensor 49 is for detecting the temperature of
the heat medium flowing through the second heat medi-
um circuit 33. The temperature sensor 50 is for detecting
the temperature of the heat medium flowing through the
second heat exchanger 24, the temperature sensor 51
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is for detecting the temperature of the heat medium flow-
ingthrough the third heat exchanger 25, and the temper-
ature sensor 52 is for detecting the temperature of the
heat storage medium M. The temperature sensor 52
serves as the first temperature sensor of the present in-
vention, the temperature sensor 50 serves as the second
temperature sensor of the present invention, the temper-
ature sensor 51 serves as the fourth temperature sensor
of the present invention, and the temperature sensors
46, 47 serve as the third temperature sensor of the
present invention.

[0029] The controller 45 serves to compare the differ-
ence between the temperature detected by the temper-
ature sensor 52 and the target compartment temperature
(firsttemperature difference) with the difference between
the temperature detected by the temperature sensor 50
and the target compartment temperature (second tem-
perature difference). The controller 45 also serves to de-
termine whether or not the temperature of the air in the
compartment 11 detected by the temperature sensor 47
or the temperature of the air in the outside S detected by
the temperature sensor 46 is within a predetermined
range.

[0030] The following will describe various operating
modes of the air conditioner 20. The air conditioner 20
is operated under atleast either one of the air conditioning
mode in which air conditioning (cooling or heating) of the
compartment 11 is performed and the heat storage mode
in which heat or cold storage in the heat storage medium
M is performed. The air conditioning mode means, for
example, a state in which the traveling system of the elec-
tric vehicle 10 is turned on, and the heat storage mode
means a state in which the electric vehicle 10 is at a stop
and the in-vehicle battery is being charged or has been
charged.

[0031] Fig. 4A is a schematic view explaining the op-
eration of the air conditioner 20 and showing the cold
storage operation in high temperature environment such
as in summer. As shown in the drawing, for example, the
air conditioner 20 is operated in the heat storage mode
so that the cold storage in the heat storage unit 21 is
performed during the nighttime. This cold storage oper-
ation is performed when the electric vehicle 10 is at a
stop and electric power can be supplied from an external
power source, for example, when the battery in the ve-
hicle is being charged. In this case, the temperature of
the air in the outside S (outside air) is, for example, 25
degrees C. The temperature of the heat storage medium
M in the heat storage unit 21 before the cold storage is
higher than 18 degrees C, and the heat storage medium
M is in liquid state.

[0032] In such cold storage operation, the switching
valves 39, 40 and the pump 30 are operated under the
control of the controller 45 so that heat medium is circu-
lated in one direction through the first heat medium circuit
29 between the heat storage unit 21 and the first heat
exchange surface 27 of the peltier unit 22. The switching
valves 36, 37 and the pump 34 are also operated under
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the control of the controller 45 so that heat medium is
circulated through the third heat medium circuit between
the second heat exchanger 24 and the second heat ex-
change surface 28 of the peltier unit 22. In this case, the
operation of the switching valves 42, 43, 44 is controlled
by the controller 45 so as to prevent heat medium from
flowing through the third heat exchanger 25. it is noted
that in Fig. 4A the arrowed solid line indicates the flow
path in which heat medium is circulated and the dotted
line indicates the flow path in which no heat medium is
circulated.

[0033] The fan (not shown) of the second heat ex-
changer 24 is operated under the control of the controller
45 so that the outside air is introduced into the second
heat exchanger 24. The peltier unit 22 is energized in
one direction under the control of the controller 45 using
electric power supplied from an external power source,
so that the first heat exchange surface 27 of the peltier
unit 22 serves as the heat absorbing surface and the
second heat exchange surface 28 serves as the heat
radiating surface, thus allowing heat transfer from the
first heat exchange surface 27 to the second heat ex-
change surface 28.

[0034] Heat medium flowing through the first heat me-
dium circuit 29 is cooled by heat exchange with the first
heat exchange surface 27 of the peltier unit 22. For ex-
ample, when the heat medium temperature before being
cooled is 18 degrees C, the heat medium is cooled to 12
degrees C by the first heat exchange surface 27, and the
temperature of the first heat exchange surface 27 (T1 is
15 degrees C on average. Heat is removed from the heat
storage medium Mto the heat medium by heat exchange
between the cooled heat medium and the heat storage
medium M in the heat storage unit 21, so that the tem-
perature of the heat storage medium M is decreased.
The amount of heat removed from the heat storage me-
dium M is increased by repeated circulation of the heat
medium through the first heat medium circuit 29 between
the first heat exchange surface 27 and the heat storage
unit 21, and the phase of the heat storage medium M is
changed from liquid to solid when the heat storage me-
dium M is cooled below 18 degrees C.

[0035] On the other hand, heat medium flowing
through the third heat medium circuit is heated by heat
exchange with the second heat exchange surface 28 of
the peltier unit 22. For example, when the heat medium
temperature before being heated is 25 degrees C, the
heat medium is heated to 31 degrees C by the second
heat exchange surface 28, and the temperature of the
second heat exchange surface 28 (T2) is 28 degrees C
on average. Heat is transferred from the heat medium to
the outside air by heat exchange between the heated
heat medium and the outside air in the second heat ex-
changer 24, so that the temperature of the heat medium
is decreased. The heat that the heat medium receives
fromthe second heat exchange surface 28 is discharged
into the outside S by repeated circulation of the heat me-
dium through the third heat medium circuit between the
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second heat exchange surface 28 and the second heat
exchanger 24.

[0036] Inthis way, when the peltier unit 22 is energized
in one direction, heat is transferred from the heat storage
medium M to the outside S between the second heat
exchanger 24 and the heat storage unit 21, resulting in
cold storage in the heat storage unit 21. In the cold stor-
age operation, the temperature difference (AT) between
the first and second heat exchange surfaces 27, 28 of
the peltier unit 22 is 13 degrees C. The temperature of
the heat medium flowing through the first heat medium
circuit 29 is constantly monitored by the temperature sen-
sor 48. When it is determined by the controller 45 that
the temperature detected by the temperature sensor 48
indicates a sufficient cold storage in the heat storage me-
dium M and the cold storage operation is completed, the
pumps 30, 34 are stopped and the peltier unit 22 is de-
energized.

[0037] Fig. 4B is similar to Fig. 4A, but showing the
cooling operation in high temperature environment such
as in summer. As shown in the drawing, for example, the
airconditioner 20 is operated in the air conditioningmode
so that cooling operation for the compartment 11 is per-
formed during the daytime using the heat storage unit
21. This cooling operation is performed using electric
power charged in the battery and cold storage in the heat
storage unit 21 while the electric vehicle 10 is running.
For example, the temperature of the outside air is 30
degrees C. The temperature of the heat storage medium
M in the heat storage unit 21 before the cooling operation
is lowerthan 18 degrees C, andthe heat storage medium
M is in solid state.

[0038] In such cooling operation, the switching valves
39, 40 and the pump 30 are operated under the control
of the controller 45 so that heat medium is circulated in
one direction through the first heat medium circuit 29 be-
tweenthe heatstorage unit21 andthe firstheatexchange
surface 27 of the peltier unit 22. The switching valves 36,
37 and the pump 34 are also operated under the control
of the controller 45 so that heat medium is circulated
through the second heat medium circuit 33 between the
first heat exchanger 23 and the second heat exchange
surface 28 of the peltier unit 22.

[0039] The fan 32 is operated under the control of the
controller 45 so that air is circulated between the com-
partment 11 and the first heat exchanger 23. The peltier
unit 22 is energizedinthe other direction underthe control
of the controller 45 using electric power charged in the
battery, so that the first heat exchange surface 27 of the
peltier unit 22 serves as the heat radiating surface and
the second heat exchange surface 28 as the heat ab-
sorbing surface, thus allowing heat transfer from the sec-
ond heat exchange surface 28 to the first heat exchange
surface 27.

[0040] Heat medium flowing through the second heat
medium circuit 33 is cooled by heat exchange with the
second heat exchange surface 28 of the peltier unit 22.
For example, when the heat medium temperature before
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being cooledis 13 degrees C, the heat medium is cooled
to 7 degrees C by the second heat exchange surface 28,
and the temperature of the second heat exchange sur-
face 28 is 10 degrees C on average. The heat exchange
between the cooled heat medium and the air in the first
heat exchanger 23 provides heat transfer from the air to
the heat medium, so that the temperature of the heat
medium is increased. Then the air of 10 degrees C is
blownthrough the air circulation passage 31 into the com-
partment 11, so that the compartment 11 is cooled. Heat
of the air in the compartment 11 is transferred to the heat
medium by repeated circulation of the heat medium
through the second heat medium circuit 33 between the
second heat exchange surface 28 and the first heat ex-
changer 23. The heat transferred to the heat medium is
transferred to the second heat exchange surface 28 and
further to the first heat exchange surface 27.

[0041] On the other hand, heat medium flowing
through the first heat medium circuit 29 is heated by heat
exchange with the first heat exchange surface 27 of the
peltier unit 22. For example, when the heat medium tem-
perature before being heated is 17 degrees C, the heat
medium is heated to 23 degrees C, and the temperature
of the first heat exchange surface 27 is 20 degrees C on
average. The heat exchange between the heated heat
medium and the heat storage medium M in the heat stor-
age unit 21 provides heat transfer from the heat medium
to the heat storage medium M, so that the temperature
of the heat storage medium M is increased. The heat is
transferred from the heat medium to the heat storage
medium M by repeated circulation of the heat medium
through the first heat medium circuit 29 between the first
heat exchange surface 27 and the heat storage unit 21.
When the heat storage medium M is heated above 18
degrees C, the phase of the heat storage medium M is
changed from solid to liquid. That is, the stored cold in
the heat storage medium M is exhausted because of heat
transfer from the heat medium to the heat storage medi-
um M. The cooling operation using the heat storage unit
21 can be performed while heat transfer from the heat
medium to the heat storage unit 21 is allowed.

[0042] Inthis way, whenthe peltier unit 22 is energized
in the other direction, heat is transferred from the air in
the compartment 11 to the heat storage medium M be-
tween the first heat exchanger 23 and the heat storage
unit21, so thatthe compartment 11 is cooled. In the cool-
ing operation, the temperature difference (AT) between
the first and second heat exchange surfaces 27, 28 of
the peltier unit 22 is 10 degrees C, which results in a
higher COP, as shown in Fig. 3. The temperature of the
heat medium flowing through the first heat medium circuit
29 is constantly monitored by the temperature sensor 48,
and the temperature of the heat medium flowing through
the second heat medium circuit 33 is constantly moni-
tored by the temperature sensor 49.

[0043] Fig. 5A is similar to Fig. 4A, but showing the
heat storage operation in low temperature environment
such as in winter. As shown in the drawing, for example,
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the air conditioner 20 is operated in the heat storage
mode so that the heat storage in the heat storage unit 21
is performed during the nighttime. This heat storage op-
eration is performed when the electric vehicle 90 is at a
stop and electric power can be supplied from an external
power source, for example, when the battery in the ve-
hicle is being charged. In this case, the temperature of
the outside air is, for example, 5 degrees C. The temper-
ature of the heat storage medium M in the heat storage
unit 21 before the heat storage is lower than 18 degrees
C, and the heat storage medium M is in solid state.
[0044] In such heat storage operation, as in the cold
storage operation, the switching valves 39, 40 and the
pump 30 are operated by the controller 45 so that heat
medium is circulated in one direction through the first
heat medium circuit 29 between the heat storage unit 21
and the first heat exchange surface 27 of the peltier unit
22. The switching valves 36, 37 and the pump 34 are
also operated by the controller 45 so that heat medium
is circulated through the third heat medium circuit be-
tween the second heat exchanger 24 and the second
heat exchange surface 28 of the peltier unit 22. In this
case, the operation of the switching valves 42, 43, 44 is
controlled by the controller 45 so as to prevent heat me-
dium from flowing through the third heat exchanger 25.
[0045] The fan (not shown) of the second heat ex-
changer 24 is operated by the controller 45 so that the
outside air is introduced into the second heat exchanger
24. The peltier unit 22 is energized in the other direction
underthe control of the controller 45 using electric power
supplied from an external power source, so that the first
heat exchange surface 27 of the peltier unit 22 serves
as the heat radiating surface and the second heat ex-
change surface 28 serves asthe heat absorbing surface,
thus allowing heat transfer from the second heat ex-
change surface 28 to the first heat exchange surface 27.
[0046] Heatmedium flowing throughthe third heat me-
dium circuit is cooled by heat exchange with the second
heat exchange surface 28 of the peltier unit 22. For ex-
ample, when the heat medium temperature before being
cooled is minus 2 degrees C, the heat medium is cooled
to minus 8 degrees C by the second heat exchange sur-
face 28, and the temperature of the second heat ex-
change surface 28 (T2) is minus 5 degrees C on average.
Heat is removed from the outside air to the heat medium
by heat exchange between the cooled heat medium and
the outside air in the second heat exchanger 24, so that
the temperature of the heat medium is increased. The
heat that the heat medium receives from the outside air
in the second heat exchanger 24 is transferred to the
peltier unit 22 by repeated circulation of the heat medium
throughthe third heat medium circuitbetweenthe second
heat exchange surface 28 andthe second heat exchang-
er24.

[0047] On the other hand, heat medium flowing
through the first heat medium circuit 29 is heated by heat
exchange with the first heat exchange surface 27 of the
peltier unit 22. For example, when the heat medium tem-
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perature before being heated is 17 degrees C, the heat
medium is heated to 23 degrees C by the first heat ex-
change surface 27, and the temperature of the first heat
exchange surface 27 (T1) is 20 degrees C on average.
Heat is transferred from the heat medium to heat storage
medium M by heat exchange between the heated heat
medium and the heat storage medium M in the heat stor-
age unit 21, so that the temperature of the heat storage
medium M is increased and the temperature of the heat
medium is decreased. The amount of heat that the heat
storage medium M receives from the heat medium is in-
creased by repeated circulation of the heat medium
through the first heat medium circuit 29 between the first
heat exchange surface 27 and the heat storage unit 21,
and the phase of the heat storage medium M is changed
from solid to liquid when the heat storage medium M is
heated over 18 degrees C.

[0048] Inthis way, whenthe peltier unit 22 is energized
in the other direction, heat is transferred from the outside
air to the heat storage unit 21 between the second heat
exchanger 24 and the heat storage unit 21, resulting in
heat storage in the heat storage unit 21. In the heat stor-
age operation, the temperature difference (AT) between
the first and second heat exchange surfaces 27, 28 of
the peltier unit 22 is 25 degrees C. The temperature of
the heat medium flowing through the first heat medium
circuit 29 is constantly monitored by the temperature sen-
sor 48.

[0049] Fig. 5B is similar to Fig. 4A, but showing the
heating operation in low temperature environment such
as in winter. As shown in the drawing, for example, the
air conditioner 20 is operated in the air conditioning mode
so that heating operation for the compartment 11 is per-
formed during the daytime using the heat storage unit
21. This heating operation is performed using electric
power charged in the battery and heat storage in the heat
storage unit 21 while the electric vehicle 10 is running:
For example, the temperature of the outside air is 5 de-
grees C. The temperature of the heat storage medium
Minthe heat storage unit21 before the heating operation
is higher than 18 degrees C, and the heat storage medi-
um M is in liquid state.

[0050] In such heating operation, as in the cooling op-
eration, the switching valves 39, 40 and the pump 30 are
operated by the controller 45 so that heat medium is cir-
culated in one direction through the first heat medium
circuit 29 between the heat storage unit 21 and the first
heat exchange surface 27 of the peltier unit 22. The
switching valves 36, 37 and the pump 34 are also oper-
ated by the controller 45 so that heat medium s circulated
through the second heat medium circuit 33 between the
first heat exchanger 23 and the second heat exchange
surface 28 of the peltier unit 22.

[0051] The fan 32 is operated by the controller 45 so
that air is circulated between the compartment 11 and
the first heat exchanger 23. The peltier unit 22 is ener-
gized in one direction under the control of the controller
45 using electric power charged in the battery, so that
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the first heat exchange surface 27 of the peltier unit 22
serves as the heat absorbing surface and the second
heat exchange surface 28 as the heat radiating surface,
thus allowing heat transfer from the first heat exchange
surface 27 to the second heat exchange surface 28.
[0052] Heat medium flowing through the first heat me-
dium circuit 29 is cooled by heat exchange with the first
heat exchange surface 27 of the peltier unit 22. For ex-
ample, when the heat medium temperature before being
cooled is 18 degrees C, the heat medium is cooled to 12
degrees C by the first heat exchange surface 27, and the
temperature of the first heat exchange surface 27 (T1)
is 15 degrees C on average. The heat exchange between
the cooled heat medium and the heat storage medium
M in the heat storage unit 21 provides heat transfer from
the heat storage medium M to the heat medium, so that
the temperature of the heat storage medium M is de-
creased. The amount of heat removed from the heat stor-
age medium M is increased by repeated circulation of
the heat medium through the first heat medium circuit 29
between the first heat exchange surface 27 and the heat
storage unit 21, and the phase of the heat storage me-
dium M is changed from liquid to solid when the heat
storage medium M is cooled below 18 degrees C. That
is, the stored heat in the heat storage medium M is ex-
hausted because of heat transfer from the heat storage
medium M to the heat medium. The heating operation
using the heat storage unit 21 can be performed while
heattransfer fromthe heat storage medium M to the heat
medium is allowed.

[0053] On the other hand, heat medium flowing
through the second heat medium circuit 33 is heated by
heat exchange with the second heat exchange surface
28 of the peltier unit 22. For example, when the heat
medium temperature before being heated is 37 degrees
C, the heat medium is heated to 43 degrees C, and the
temperature of the second heat exchange surface 28
(T2) is 40 degrees C on average. The heat exchange
between the heated heat medium and the airinthe com-
partment 11 in the first heat exchanger 23 provides heat
transfer from the heat medium to the air in the compart-
ment 11, so that the temperature of the heat medium is
decreased. The heat thatthe heat medium receives from
the second heat exchange surface 28 is transferred to
the air in the compartment 11 by repeated circulation of
the heat medium through the second heat medium circuit
33 between the second heat exchange surface 28 and
the first heat exchanger 23.

[0054] Inthisway, when the peltier unit 22 is energized
in one direction, heat is transferred from the heat storage
medium M to the air in the compartment 11 between the
first heat exchanger 23 and the heat storage unit 21, so
that the compartment 11 is heated. In the heating oper-
ation, the temperature difference (AT) between the first
and second heat exchange surfaces 27, 28 of the peltier
unit 22 is 25 degrees C. The temperature of the heat
medium flowing through the first heat medium circuit 29
is constantly monitored by the temperature sensor 48.



15 EP 2 316 675 A1 16

[0055] Fig. BA is similar to Fig. 4A, but showing the
cooling operation in medium temperature environment
such as in spring and autumn. In the present embodi-
ment, the medium temperature environment means an
environment in which temperature range is higher than
that in winter but lower than that in summer as in spring
and autumn. Although in the present embodiment the
temperature range in the medium temperature environ-
ment is set from 10 to 30 degrees C, it may be, for ex-
ample, from 15 to 25 degrees C. Alternatively, for exam-
ple, the melting point of the heat storage medium M plus
or minus 10 degrees C may be set as the temperature
range for the medium temperature environment (herein-
after referred to as medium temperature range).

[0056] In the cooling operation in the medium temper-
ature environment, when itis determined by the controller
45 that the outside air temperature detected by the tem-
perature sensor 46 is within the medium temperature
range, the cooling operation is performed by heat transfer
between the first and second heat exchangers 23, 24,
without using the heat storage unit 21. In this case, the
temperature detected by the temperature sensor 50 may
be regarded as the outside airtemperature. Alternatively,
the cooling operation may be performed when the tem-
perature of the compartment 11 (compartment temper-
ature) detected by the temperature sensor 47, instead of
the outside air temperature detected by the temperature
sensor 46, is within the medium temperature range. Fur-
ther alternatively, when the outside air temperature or
the temperature of the compartment 11 is within the me-
dium temperature range, the cooling operation may be
performed selectively by manual operation of any switch
by a driver or passenger of the vehicle.

[0057] As shown in Fig. 6A, the air conditioner 20 is
operated in the air conditioning mode so that cooling op-
eration for the compartment 11 is performed during the
daytime without using the heat storage unit 21. This cool-
ing operation is performed using electric power charged
in the battery while the electric vehicle 10 is running. For
example, the temperature of the outside airis 20 degrees
C.

[0058] In such cooling operation, the switching valves
39, 40 and the pump 30 are operated by the controller
45 so that heat medium is circulated in one direction
through the passages 35, 38 and part of the first heat
medium circuit 29 between the second heat exchanger
24 and the first heat exchange surface 27 of the peltier
unit 22. The switching valves 36, 37 and.the pump 34
are also operated by the controller 45 so that heat me-
diumiscirculated through the second heat medium circuit
33 between the first heat exchanger 23 and the second
heat exchange surface 28 of the peltier unit 22.

[0059] The fan 32 is operated by the controller 45 so
that air is circulated between the compartment 11 and
the first heat exchanger 23. The peltier unit 22 is ener-
gized in the other direction under the control of the con-
troller 45 using electric power charged in the battery, so
that the first heat exchange surface 27 of the peltier unit
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22 serves as the heat radiating surface and the second
heat exchange surface 28 asthe heat absorbing surface,
thus allowing heat transfer from the second heat ex-
change surface 28 to the first heat exchange surface 27.
[0060] Heat medium flowing through the second heat
medium circuit 33 is cooled by heat exchange with the
second heat exchange surface 28 of the peltier unit 22.
For example, when the heat medium temperature before
being cooled is 13 degrees C, the heat medium is cooled
to 7 degrees C by the second heat exchange surface 28,
and the temperature of the second heat exchange sur-
face 28 is 10 degrees C on average. The air after heat
exchange in the first heat exchanger 23 is blown through
the air circulation passage 31 into the compartment 11,
so that the compartment 11 is cooled. Heat of the air in
the compartment 11 is transferred to the heat medium.
The heat transferred to the heat medium is transferred
to the second heat exchange surface 28 and further to
the first heat exchange surface 27.

[0061] On the other hand, heat medium flowing
through the fourth heat medium circuit is heated by heat
exchange with the first heat exchange surface 27 of the
peltier unit 22. For example, when the heat medium tem-
perature before being heated is 17 degrees C, the heat
medium is heated to 23 degrees C, and the temperature
of the first heat exchange surface 27 is 20 degrees C on
average. The heat exchange between the heated heat
medium andthe outside airin the second heat exchanger
24 provides heat transfer from the heat medium to the
outside air, so that the temperature of the heat medium
is decreased. The heat that the heat medium receives
from the first heat exchange surface 27 is discharged
into the outside S by circulation of the heat medium
through the fourth heat medium circuit between the first
heat exchange surface 27 and the second heat exchang-
er24.

[0062] Inthisway, when the peltier unit 22 is energized
in the other direction, heat is transferred from the air in
the compartment 11 to the outside air between the first
and second heat exchangers 23, 24, so that the com-
partment 11 is cooled. In the cooling operation, the tem-
perature difference (AT) between the first and second
heat exchange surfaces 27, 28 of the peltier unit 22 is 10
degrees C, which results in a higher COP, as shown in
Fig. 3. The temperature of the heat medium flowing
through the second heat medium circuit 33 is constantly
monitored by the temperature sensor 49. The tempera-
ture of the heat medium flowing between the second heat
exchanger 24 and the peltier unit 22 is constantly moni-
tored by the temperature sensors 48, 50.

[0063] Fig. 6B is similar to Fig. 4A, but showing the
heating operation in medium temperature environment
such as in spring and autumn. In the heating operation
in the medium temperature environment, when it is de-
termined by the controller 45 that the outside air temper-
ature detected by the temperature sensor 46 is within the
medium temperature range, the heating operation is per-
formed by heat transfer between the first and second
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heat exchangers 23, 24, without using the heat storage
unit 21. In this case, the temperature detected by the
temperature sensor 50 may be regarded as the outside
airtemperature. Alternatively, the heating operation may
be performed when the temperature of the compartment
11 detected by the temperature sensor 47, instead of the
outside airtemperature detected by the temperature sen-
sor 46, is within the medium temperature range. Further
alternatively, when the outside air temperature or the
temperature of the compartment 11 is within the medium
temperature range, the heating operation may be per-
formed selectively by manual operation of any switch by
a driver or passenger of the vehicle.

[0064] As shown in Fig. 6B, the air conditioner 20 is
operated in the air conditioning mode so that heating op-
eration for the compartment 11 is performed during the
daytime without using the heat storage unit 21. This heat-
ing operation is performed using electric power charged
in the battery while the electric vehicle 10 is running. For
example, the temperature of the outside air is 20 degrees
C.

[0065] In such heating operation, the switching valves
39, 40 and the pump 30 are operated by the controller
45 so that heat medium is circulated through the passag-
es 35, 38 and part of the first heat medium circuit 29. The
switching valves 36, 37 and the pump 34 are also oper-
ated by the controller 45 so that heat medium s circulated
through the second heat medium circuit 33.

[0066] The fan 32 is operated by the controller 45 so
that air is circulated between the compartment 11 and
the first heat exchanger 23. The peltier unit 22 is ener-
gized in one direction under the control of the controller
45 using electric power charged in the battery, so that
the first heat exchange surface 27 of the peltier unit 22
serves as the heat absorbing surface and the second
heat exchange surface 28 as the heat radiating surface,
thus allowing heat transfer from the first heat exchange
surface 27 to the second heat exchange surface 28.
[0067] Heat medium flowing through the fourth heat
medium circuit is cooled by heat exchange with the first
heat exchange surface 27 of the peltier unit 22. For ex-
ample, when the heat medium temperature before being
cooled is 18 degrees C, the heat medium is cooled to 12
degrees C by the first heat exchange surface 27, and the
temperature of the first heat exchange surface 27 is 15
degrees C on average. The heat exchange between the
cooled heat medium and the outside air in the second
heat exchanger 24 provides heat transfer from the out-
side air to the heat medium, so that the temperature of
the heat medium is increased. The heat transferred to
the heat medium is transferred to the first heat exchange
surface 27 and further to the second heat exchange sur-
face 28.

[0068] On the other hand, heat medium flowing
through the second heat medium circuit 33 is heated by
heat exchange with the second heat exchange surface
28 of the peltier unit 22. For example, when the heat
medium temperature before being heated is 37 degrees
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C, the heat medium is heated to 43 degrees C, and the
temperature of the second heat exchange surface 28 is
40 degrees C on average. The heat exchange between
the heated heat medium and the air in the compartment
11 in the first heat exchanger 23 provides heat transfer
from the heat medium to the air in the compartment 11,
sothatthe temperature of the heatmedium is decreased.
The heat that the heat medium receives from the second
heat exchange surface 28 is transferred to the air in the
compartment 11 by repeated circulation of the heat me-
diumthroughthe second heatmedium circuit 33 between
the second heat exchange surface 28 and the first heat
exchanger 23. The air after heat exchange in the first
heat exchanger 23 is blown through the air circulation
passage 31 into the compartment 11, so that the com-
partment 11 is heated.

[0069] Inthisway, when the peltier unit 22 is energized
in one direction, heat is transferred from the outside air
to the air in the compartment 11 between the first and
second heat exchangers 23, 24, so that the compartment
11 is heated. In the heating operation, the temperature
difference (AT) between the first and second heat ex-
change surfaces 27, 28 of the peltier unit22 is 10 degrees
C. The temperature of the heat medium flowing through
the second heat medium circuit 33 is constantly moni-
tored by the temperature sensor 49. The temperature of
the heat medium flowing between the second heat ex-
changer 24 andthe peltier unit 22 is constantly monitored
by the temperature sensors 48, 50.

[0070] Although in the above-described embodiment
the cooling operation is performed without using the heat
storage unit 21 in the medium temperature environment,
the cooling operation of the air conditioner 20 may be
switched by the controller 45 between the cooling using
the heat storage unit 21 and the cooling without using
the heat storage unit 21. For example, firstly, the cooling
operation using the heat storage unit 21 is performed,
and then switched to the cooling operation without using
the heat storage unit 21 when cooling capacity of the
heat storage unit 21 is gone.

[0071] Specifically, when the temperature detected by
the temperature sensor 52 indicates that the stored cold
in the heat storage unit 21 is exhausted due to the con-
tinuing cooling operation using the heat storage unit 21
(see Fig. 4B) and no heat transfer to the heat storage
medium M occurs, the cooling operation using the heat
storage unit 21 is switched by the controller 45 to the
cooling operation without using the heat storage unit 21
(see Fig. BA). In this case, the temperature detected by
the temperature sensor 52 and indicating that no heat
transfer to the heat storage medium M occurs corre-
sponds to the temperature threshold for switching the
cooling operation. For example, the melting point of the
heat storage medium M plus or minus 10 degrees C may
be used for such temperature threshold, whereby it may
be determined that the stored cold in the heat storage
medium M by phase change is exhausted.

[0072] Alternatively, the cooling operation may be
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switched based on the temperature in the second heat
exchanger 24. In this case, the controller 45 determines
the difference between the temperature of the heat stor-
age medium M detected by the temperature sensor 52
and the target cooling temperature (first temperature dif-
ference) and the difference between the temperature de-
tected by the temperature sensor 50 and the target cool-
ing temperature (second temperature difference). That
is, the controller 45 determines the difference between
the target cooling temperature and the heat storage me-
dium M (first temperature difference) and the difference
between the target cooling temperature and the heat me-
dium in the second heat exchanger 24 (second temper-
ature difference). The firsttemperature difference is com-
pared with the second temperature difference by the con-
troller 45, and either one of the heat storage medium M
and the second heat exchanger 24 with a smaller tem-
perature difference from the target cooling temperature
is used for the cooling operation. The temperature de-
tected by the temperature sensor 46, instead of the tem-
perature detected by the temperature sensor 50, may be
regarded as the heat medium temperature in the second
heat exchanger 24 and used to determine the second
temperature difference.

[0073] When the first temperature difference between
the target cooling temperature and the heat storage me-
dium M is smallerthanthe second temperature difference
between the target cooling temperature and the heat me-
dium in the second heat exchanger 24, the cooling op-
eration is performed using the heat storage unit 21 as
shown in Fig. 4B. Conversely, when the second temper-
ature difference is smaller than the first temperature dif-
ference, the cooling operation is performed not using the
heat storage unit21 but using the second heat exchanger
24 as shown in Fig. 6A.

[0074] Furtheralternatively, the cooling operation may
be switched based on the temperature relation between
the heat storage unit 21 and the second heat exchanger
24. In this case, it is determined by the controller 45
whether or notthere is atemperature difference between
the heat storage medium M detected by the temperature
sensor 52 and the temperature sensor 50. The temper-
ature difference between the heat storage medium M and
the temperature sensor 50 may be substituted for the
temperature difference between the heat storage medi-
um M and the temperature sensor 46. When there is a
temperature difference between the heat storage medi-
um M and the temperature sensor 50, the cooling oper-
ation is performed using the heat storage unit 21 as
shown in Fig. 4B, thatis, the air conditioner 20 is operated
in the first circulation condition. When the temperature
of the heat storage medium M reaches the temperature
detected by the temperature sensor 50, the cooling op-
eration is performed not using the heat storage unit 21
but using the second heat exchanger 24 as shown in Fig.
6A, thatis, the airconditioner 20 is operated in the second
circulation condition.

[0075] Inthe air conditioner 20, also the heating oper-
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ation may be switched between the heating using the
heat storage unit 21 and the heating without using the
heat storage unit21. For example, when the temperature
detected by the temperature sensor 52 indicates that no
heattransfer fromthe heat storage medium M to the heat
medium occurs due to the continuing heating operation
using the heat storage unit 21 (see Fig. 5B), the heating
operation using the heat storage unit 21 is switched by
the controller 45 to the heating operation without using
the heat storage unit 21 (see Fig. 6B). In this case, the
temperature detected by the temperature sensor 52 and
indicating that no heat transfer from the heat storage me-
dium M to the heat medium occurs corresponds to the
temperature threshold for switching the heating opera-
tion. For example, the melting point of the heat storage
medium M plus or minus 10 degrees C may be used for
such temperature threshold, whereby it may be deter-
mined that the stored heat in the heat storage medium
M by phase change is exhausted.

[0076] Alternatively, the heating operation may be
switched based on the temperature in the second heat
exchanger 24. In this case, the controller 45 determines
the difference between the temperature of the heat stor-
age medium M detected by the temperature sensor 52
and the target heating temperature (first temperature dif-
ference) and the difference between the temperature de-
tected by the temperature sensor 50 and the target heat-
ing temperature (second temperature difference). The
first temperature difference is compared with the second
temperature difference by the controller 45, and either
one of the heat storage medium M and the second heat
exchanger 24 with a smallertemperature difference from
the target heating temperature is used for the heating
operation. The temperature detected by the temperature
sensor 46, instead of the temperature detected by the
temperature sensor 50, may be used to determine the
second temperature difference. When the first tempera-
ture difference between the target heating temperature
and the heat storage medium M is smaller than the sec-
ond temperature difference between the target heating
temperature and the heat medium in the second heat
exchanger 24, the heating operation is performed using
the heat storage unit 21 as shown in Fig. 5B. Conversely,
when the second temperature difference is smaller than
the first temperature difference, the heating operation is
performed not using the heat storage unit 21 but using
the second heat exchanger 24 as shown in Fig. 6B.
[0077] Furtheralternatively, the heating operation may
be switched based on the temperature relation between
the heat storage unit 21 and the second heat exchanger
24. In this case, it is determined by the controller 45
whether or not there is atemperature difference between
the heat storage medium M detected by the temperature
sensor 52 and the temperature sensor 50. When there
isatemperature difference betweenthe heat storage me-
dium M and the temperature sensor 50, the heating op-
eration is performed using the heat storage unit 21 as
shown in Fig. 5B, thatis, the airconditioner 20 is operated
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in the first circulation condition. When the temperature
of the heat storage medium M reaches the temperature
detected by the temperature sensor 50, the heating op-
eration is performed not using the heat storage unit 21
but using the second heat exchanger 24 as shown in Fig.
6B, thatis, the airconditioner 20 is operated in the second
circulation condition.

[0078] In the air conditioning in the medium tempera-
ture environment described above, heat medium is cir-
culated between the first heat exchange surface 27 of
the peltier unit 22 and the second heat exchanger 24 for
heat exchange between the heat medium and the outside
air. Forexample, with no heat storage inthe heat storage
medium M, the heat medium may be flowed through both
the first heat exchange surface 27 of the peltier unit 22
and the heat storage medium M (heat storage unit 21).
In this case, when it is determined by the controller 45
that the outside air temperature detected by the temper-
ature sensor 46 is within the middle temperature range,
the air conditioner 20 is operated so as to prevent the
heat storage operation. The temperature detected by the
temperature sensor 50 or the temperature of the com-
partment 11 detected by the temperature sensor 47 may
be used for the outside air temperature. Further, when
the outside air temperature or the temperature of the
compartment 11 is within the mediumtemperature range,
the heat storage operation may be prevented selectively
by manual operation of any switch by a driver or passen-
ger of the vehicle.

[0079] For example, with no heat storage in the heat
storage medium M, the peltier unit 22 is energized in one
direction so that the compartment 11 is heated. In this
case, heat is transferred from the first heat exchange
surface 27 to the second heat exchange surface 28, so
that heat is removed from the heat medium flowing
through the first heat medium circuit 29 by heat exchange
with the first heat exchange surface 27. The heatmedium
from which heat has been removed is flowed through the
heat storage medium M where heat is exchanged be-
tween the heat medium and the heat storage medium M,
so that the temperature of the heat storage medium M is
decreased, resulting in cold storage in the heat storage
medium M. The amount of cold storage is increased by
circulation of heat medium between the heat storage me-
dium M and the first heat exchange surface 27. The
stored cold in the heat storage medium M can be used
for the cooling operation when the temperature of the
compartment 11 is increased and the heating operation
needs to be switched to the cooling operation. Such us-
age of the air conditioner 20 allows the cooling operation
in the daytime without using electric power only for the
heat storage after the heating operation in the morning
in the middle temperature environment such as in spring
and autumn, resulting in efficient use of heat.

[0080] On the other hand, with no heat storage in the
heat storage medium M, the peltier unit 22 is energized
in the other direction so that the compartment 11 is
cooled. In this case, heat is transferred from the second
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heat exchange surface 28 to the first heat exchange sur-
face 27 and further to the heat medium flowing through
the first heat medium circuit 29. The heat that the heat
medium receives from the first heat exchange surface
27 can be stored in the heat storage medium M by heat
exchange between the heat medium and the heat stor-
age medium M. The stored heat in the heat storage me-
dium M can be used when the compartment 11 needs to
be heated.

[0081] Fig. 7A is similar to Fig. 4A, but showing the
heating operation using waste heat of the system. When
the temperature of the heat medium flowing through the
fifth heat medium circuit in the third heat exchanger 25
detected by the temperature sensor 51 is higher than the
temperature of the heat storage medium M, the heating
operation is performed using the waste heat as shown
in Fig. 7A, that is, the air conditioner 20 is operated in
the third circulation condition. The operation of Fig. 7A
differs from the operation of Fig. 6B in that the switching
valves 42, 43, 44 are operated so that the third heat ex-
changer 25 is located downstream of the second heat
exchanger 24 as viewed in the flowing direction of the
heat medium. Such heating operation in the third circu-
lation condition allows use of the heat from the outside
air as well as use of the waste heat as a heat source.
When the temperature of the heat storage medium M is
higher than the temperature in the third heat exchanger
25, the heating operation is performed using the heat
storage medium M in the first circulation condition. In the
cooling operation, the positions of the switching valves
42, 43, 44 are kept as shown in Fig. 7A, and the peltier
unit 22 is energized in the other direction. The pump 30
is operated in reverse direction so that heat medium is
flowed through the first heat exchange surface 27 of the
peltier unit 22 in reverse direction. In this case, the heat
that the heat medium receives from the first heat ex-
change surface 27 is discharged through the third heat
exchanger 25 and the second heat exchanger 24.
[0082] When the peltier unit 22 needs not to be used
for heating the heat medium because of large amount of
heat from the third heat exchanger 25, the switching
valves 36, 37, 39, 40, 42, 43, 44 are operated so that
heat is directly supplied from the third heat exchanger 25
to the first heat exchanger 23, as shown in Fig. 7B. In
this case, the pumps 30, 34 are not operated, but the
pump (not shown) of the third heat exchanger 25 is op-
erated. When the amount of waste heat is sufficient, the
heating of the compartment 11 can be performed only
by circulation of the heat medium between the first and
third heat exchangers 25, 23 without energizing the pel-
tier unit 22.

[0083] When there is an extra amount of waste heat
in low temperature environment, the switching valves 36,
37, 39, 40, 42, 43, 44 are operated so that heat medium
is circulated between the third heat exchanger 25 and
the heat storage unit 21 and the waste heat is used for
heat storage in the heat storage medium M. When the
amount of stored heat in the heat storage medium M
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reaches the limit, the heat medium is flowed from the
third heat exchanger 25 to the first heat exchange surface
27 of the peltier unit 22 where heat is removed from the
heat medium for air conditioning as shown in Fig. 7A,
andany remaining heat is dischargedthrough the second
heat exchanger 24. When the waste heat temperature is
higher than the temperature of the heat storage medium
M and the amount of waste heat is balanced with the
amount of heat required for air conditioning using the
peltier unit 22, the air conditioner 20 is operated by the
controller 45 so that the heat medium flowing through the
third heat exchanger 25 is flowed only through the first
heat exchange surface 27 of the peltier unit 22.

[0084] When the outside air temperature or the tem-
perature of the compartment 11 is not within the middle
temperature range, the air conditioner 20 may be oper-
ated by the controller 45 under the heat storage mode
so that heat medium is circulated between the second
heat exchanger 24 and the heat storage unit 21. In this
case, the heat medium after heat exchange with the out-
side air is flowed through the heat storage unit 21, result-
ingin heat or cold storage in the heat storage medium M.
[0085] The airconditioner 20 according to the first em-
bodiment offers the following advantages.

(1) Depending on the polarity of the voltage applied
to the peltier unit 22, heat is transferred from the
second heat exchanger 24 to the heat storage unit
21 for heat storage in the heat storage unit 21, or
from the heat storage unit 21 to the first heat ex-
changer 23 for air conditioning of the compartment
11. Thus, there is no need to provide any circuit for
reversing the flow of heat medium, so that the heat
transfer path is simplified.

(2) The provision of the first heat medium circuit 29,
the second heat medium circuit 33, the third heat
medium circuit and the fourth heat medium circuit
allows heat transfer between the peltier unit 22 and
the heat storage unit 21, the first heat exchanger 23
and the second heat exchanger 24 provided apart
from the peltier unit 22. The provision of the fourth
heat medium circuit also allows heat transfer be-
tween the first and second heat exchangers 23, 24.

(8) In the air conditioning, the heat transfer between
the first heat exchanger 23 and the heat storage unit
21 through the peltier unit 22 can be switched by the
controller 45 to the heat transfer between the first
and second heat exchangers 23, 24 through the pel-
tier unit 22, and vice versa. This allows either the
heat storage unit 21 or the second heat exchanger
24 to be selected so that a higher COP of the air
conditioner 20 is achieved in the air conditioning.

(4) The heat transfer between the heat storage unit
21 and the first heat exchanger 23 can be switched
to the heat transfer between the first and second
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heat exchanges 23, 24, and vice versa, based on
the temperature of the heat storage medium M as
the temperature threshold.

(5) The temperature difference between the target
compartment temperature and the heat storage unit
21 and the temperature difference between the tar-
get compartment temperature and the second heat
exchanger 24 are determined by the controller 45.
Either one of the heat storage unit21 and the second
heat exchanger 24 with a smaller temperature dif-
ference from the target compartment temperature is
selected by the controller 45 for air conditioning, re-
sulting in a higher COP of the air conditioner 20 in
the air conditioning.

(6) When the outside air temperature or the temper-
ature ofthe compartment 11 is within the middle tem-
perature range, heat is transferred between the first
and second heat exchangers 23, 24 through the pel-
tier unit 22. Thus, there is no need to control the air
conditioner 20 so that heat is transferred between
the first and second heat exchangers 23, 24 when
the stored heatinthe heat storage unit 21 is exhaust-
ed, thereby simplifying the control of the air condi-
tioner 20.

(7) The third heat exchanger 25 is provided for heat
exchange with waste heat. When the heat medium
temperature in the third heat exchanger 25 is higher
than the temperature of the heat storage medium M,
heat is transferred between the first and third heat
exchangers 23, 25 through the peltier unit 22 so that
the compartment 11 is heated using the waste heat.

(8) With no heat storage in the heat storage unit 21,
when heat is transferred between the heat storage
unit 21 and the first heat exchanger 23 through the
peltier unit 22 for air conditioning, the heat generated
by the peltier unit22 can be storedinthe heat storage
medium M without being wasted, or cold storage in
the heat storage medium M can be performed by
heat transfer from the heat storage medium M to the
peltier unit 22. The stored heat or cold in the heat
storage medium M can be used for air conditioning
of the compartment 11. For example, in the temper-
ature environment such as in spring and autumn it
is cold in the morning and hot in the daytime, the
cooling can be performed in the daytime using the
cold stored in the heat storage medium M during the
heating in the morning, which results in efficient use
of heat.

(9) Since the heat storage medium M is made of a
material having a melting point within the range of 5
to 30 degrees C, the phase of the heat storage me-
dium M is changed from solid to liquid or liquid to
solid in such temperature range. This allows use of
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the latent heat of the heat storage medium M, result-
ing in more efficient heat utilization as compared to
the case of a sensible heat storage material. Further,
since the common heat storage medium M can be
used for latent heat storage in high temperature en-
vironment and low temperature environment, it is not
necessary to change the kind of the heat storage
medium depending on the temperature environment
such as summer and winter. Further, heat storage
is always performed within the latent heat range, re-
sulting in high density heat storage, as compared to
the case of a sensible heat storage medium.

(10) In the air conditioning, the peltier unit 22 is en-
ergized so that the temperature difference between
the first and second heat exchange surfaces 27, 28
(AT) is within the range of about 10 to 25 degrees C.
Although this temperature difference is smaller than
that in a heat pump which is over 30 degrees C, the
amount of electric power for air conditioning is less
because of such smalltemperature difference, which
is preferable for the electric vehicle 10 in which the
electric power available is limited. Further, since the
temperature difference between the heat storage
medium M and the outside air temperature is less,
the thickness of the insulating material for the heat
storage unit 21 can be reduced, resulting in the re-
duction of the size of the container for the heat stor-
age unit 21.

[0086] Fig.8shows anairconditioneras a modification
of the first embodiment. In the air conditioner 20A, the
passage 38 is connected to the first heat medium circuit
29 through the switching valves 39, 40A at a position
between the pump 30 and the heat storage unit 21. The
switching valve 39 is located on the side of the pump 30,
and the switching valve 40A is located on the side of the
heat storage unit21. The air conditioner 20A differs from
the air conditioner 20 of the first embodiment only in the
location of the switching valves 40, 40A. In the air con-
ditioner 20A, the heat medium circulating between the
first heat exchange surface 27 of the peltier unit 22 and
the second heat exchanger 24 always flows through the
heat storage unit 21. This allows air conditioning using
the second heat exchanger 24 as well as the heat or cold
storage in the heat storage medium M.

[0087] Fig. 9 shows the second embodiment of the air
conditioner. The second embodiment differs from the first
embodimentinthat the heat storage medium andthe first
heat exchanger are in physical contact with the peltier
unit for thermal coupling.

[0088] The air conditioner 60 includes a heat storage
unit 61, a peltier unit 62, a first heat exchanger 63, a
circulation passage 64 for connection between the com-
partment 11 and the first heat exchange 63, and a circu-
lation passage 65 for connection between the outside S
andthefirst heat exchanger 63. The circulation passages
63, 64 are connected to a passage 66 provided with a
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fan67. Thecirculation passage 64 is provided with damp-
ers 68, 69, and the circulation passage 65 is provided
with dampers 70, 71. The dampers 68, 69, 70, 71 and
the fan 67 are operated so that al least one of the air in
the compartment 11 and the outside air is introduced in
the first heat exchanger 63.

[0089] The peltier unit 62 includes a unit body 72 hav-
ing a number of peltier devices, a first heat exchange
surface 73 formed over one end surfaces of the peltier
devices, asecond heat exchange surface 74 formed over
the other end surfaces of the peltier devices. When elec-
tric current flows through the peltier devices in one direc-
tion, the first heat exchange surface 73 serves as a heat
absorbing surface and the second heat exchange sur-
face 74 as a heat radiating surface. When electric current
flows through the peltier devices in the other direction,
the first heat exchange surface 73 serves as a heat ra-
diating surface and the second heat exchange surface
74 as a heat absorbing surface. In the present embodi-
ment, the area of the first heat exchange surface 73 is
larger than that of the second heat exchange surface 74
for efficient heat transfer to the heat storage unit 61.
[0090] The first heat exchange surface 73 has a fin
unit 75 mounted thereto and having parallelly arranged
plural fins 76, and similarly the second heat exchange
surface 74 has a fin unit 77 mounted thereto and having
parallelly arranged plural fins 78, resulting in an in-
creased area of the heat exchange surface for efficient
heat transfer.

[0091] The heat storage medium M is received in the
container of the heat storage unit 61 and in contact with
the fin unit 75 so that heat is exchanged the first heat
exchange surface 73 of the peltier unit 62 and the heat
storage medium M through the fin unit 75. The fin unit 77
is provided in the first heat exchanger 63, allowing heat
exchange between the second heat exchange surface
74 of the peltier unit 74 and at least one of the air in the
compartment 11 and the outside air through the fin unit
77. The operation of the air conditioner 60 is controlled
by the controller 79 to which the temperature sensors
(not shown) at various positions in the air conditioner 60
are connected.

[0092] In cold storage operation in high temperature
environment, the peltier unit 62 is energized in one di-
rection under the control of the controller 79 so that the
first heat exchange surface 73 serves as the heat ab-
sorbing surface and the second heat exchange surface
74 serves as the heat radiating surface. The dampers
68, 69, 70, 71 and the fan 67 are operated by the con-
troller 79 so that the outside air is introduced in the first
heat exchanger 63 and then discharged into the outside
S. Heat is transferred from the heat storage medium M
through the fin unit 75 to the first heat exchange surface
73. The heat is then transferred from the second heat
exchange surface 74 through the fin unit 77 to the outside
airinthefirst heat exchanger 63. In this way, cold storage
inthe heat storage medium Mis performed by heat trans-
fer from the heat storage unit 61 to the outside air.
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[0093] In cooling operation in high temperature envi-
ronment, the peltier unit 62 is energized in the other di-
rection under the control of the controller 79 so that the
first heat exchange surface 73 serves as the heat radi-
ating surface and the second heat exchange surface 74
serves as the heat absorbing surface. The dampers 68,
69, 70, 71 and the fan 67 are operated by the controller
79 so that the air in the compartment 11 is circulated
between the first heat exchanger 63 and the compart-
ment 11. Heat is transferred from the air in the compart-
ment 11 through the fin unit 77 to the second heat ex-
change surface 74 in the first heat exchanger 63. The
heat is then transferred from the first heat exchange sur-
face 73throughthe fin unit 75 to the heat storage medium
M. In this way, cooling of the compartment 11 is per-
formed by heat transfer from the air in the compartment
11 to the heat storage unit 61.

[0094] In heat storage operation in low temperature
environment, the peltier unit 62 is energized in the other
direction under the control of the controller 79 so that the
first heat exchange surface 73 serves as the heat radi-
ating surface and the second heat exchange surface 74
serves as the heat absorbing surface. The dampers 68,
69, 70, 71 and the fan 67 are operated by the controller
79 so that the outside air is introduced in the first heat
exchanger 63 and then discharged into the outside S.
Heat is transferred from the outside air through the fin
unit 77 to the first heat exchange surface 74 in the first
heat exchanger 63. The heat is then transferred from the
first heat exchange surface 73 through the fin unit 75 to
the heat storage medium M. In this way, heat storage in
the heat storage medium M is performed by heat transfer
from the outside air to the heat storage unit 61.

[0095] In heating operation in low temperature envi-
ronment, the peltier unit 62 is energized in one direction
under the control of the controller 79 so that the first heat
exchange surface 73 serves as the heat absorbing sur-
face and the second heat exchange surface 74 serves
as the heat radiating surface. The dampers 68, 69, 70,
71 and the fan 67 are operated by the controller 79 so
that the air in the compartment 11 is circulated between
thefirst heat exchanger 63 andthe compartment 11. Heat
is transferred from the heat storage medium M through
the fin unit 75 to the first heat exchange surface 73. The
heat is then transferred from the second heat exchange
surface 74 through the fin unit 77 to the air in the com-
partment 11 in the first heat exchanger 63. In this way,
heating of the compartment 11 is performed by heat
transfer from the heat storage unit 61 to the air in the
compartment 11.

[0096] The second embodiment allows heat and cold
storage in the heat storage medium M and air condition-
ing of the compartment 11 using the heat storage unit 61
without providing any heat medium passage or circuit.
Thus, it is not necessary to provide piping, pumps and
valves for heat medium circulation, resulting in a simple
structure of the air conditioner 60. Further, the provision
of the fin units 75, 77 for heat exchange allows the peltier
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unit 62 to be located close to the heat storage unit 61
andthe first heat exchanger 63, resulting in reduced size
of the air conditioner 60 and efficient heat exchange.
[0097] Fig. 10 shows the third embodiment of the air
conditioner. The third embodiment differs from the sec-
ond embodiment in that the air in the compartment is
used for heat storage. The air conditioner 80 includes a
heat storage unit 81, a peltier unit 82, a first heat ex-
changer 83, and a circulation passage 84 for connection
between the compartment 11 and the first heat exchang-
er 83.

[0098] The circulation passage 84 is provided with a
fan 85 by which the air in the compartment 11 is intro-
duced inthe first heat exchanger 83. Although not shown
in the drawing, there is provided a circulator including an
air passage and fan by which the outside air is introduced
in the compartment 11 and then discharged into the out-
side. The fan 85 and the circulator are operated so that
the outside air is introduced in the compartment 11 and
further to the first heat exchanger 83.

[0099] The peltier unit 82 includes a unit body 86 hav-
ing a number of peltier devices, a first heat exchange
surface 87 formed over one end surfaces of the peltier
devices, asecond heat exchange surface 88 formed over
the other end surfaces of the peltier devices. The first
heat exchange surface 87 has a fin unit 89 mounted
thereto and having parallelly arranged plural fins 90, and
similarly the second heat exchange surface 88 has a fin
unit 91 mounted thereto and having parallelly arranged
plural fins 92.

[0100] The heat storage medium M is received in the
container of the heat storage unit 81 and in contact with
the fin unit 89. The fin unit 91 is provided in the first heat
exchanger 83, The operation of the air conditioner 80 is
controlled by the controller 93 to which the temperature
sensors (not shown) at various positions in the air con-
ditioner 80 are connected.

[0101] In cold storage operation in high temperature
environment, the peltier unit 82 is energized in one di-
rection under the control of the controller 93. With the
outside air introduced in the compartment 11, the fan 85
is operated by the controller 93 so that the outside air is
introduced in the first heat exchanger 83. Heat is trans-
ferred from the heat storage medium M through the fin
unit 89 to the first heat exchange surface 87. The heat
is then transferred from the second heat exchange sur-
face 88 through the fin unit 91 to the outside air in the
first heat exchanger 83. In this way, cold storage in the
heat storage medium M is performed by heat transfer
from the heat storage unit 81 to the outside air.

[0102] In cooling operation in high temperature envi-
ronment, the peltier unit 82 is energized in the other di-
rection under the control of the controller 93. With the
outside air prevented from entering in the compartment
11, the fan 85 is operated by the controller 79 so that the
air in the compartment 11 is introduced in the first heat
exchanger 83. Heat is transferred from the air in the com-
partment 11 through the fin unit 91 to the second heat
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exchange surface 88 in the first heat exchanger 83. The
heat is then transferred from the first heat exchange sur-
face 87 through the fin unit 89 to the heat storage medium
M. In this way, cooling of the compartment 11 is per-
formed by heat transfer from the air in the compartment
11 to the heat storage unit 81.

[0103] In heat storage operation in low temperature
environment, the peltier unit 82 is energized in the other
direction under the control of the controller 93. With the
outside air introduced in the compartment 11, the fan 85
is operated by the controller 93 so that the outside air is
introduced in the first heat exchanger 83. Heat is trans-
ferred from the outside air through the fin unit 91 to the
second heat exchange surface 88 in the first heat ex-
changer 83. The heat is then transferred from the first
heat exchange surface 87 through the fin unit 89 to the
heat storage medium M. In this way, heat storage in the
heat storage medium M is performed by heat transfer
from the outside air to the heat storage unit 81.

[0104] In heating operation in low temperature envi-
ronment, the peltier unit 82 is energized in one direction
under the control of the controller 93. The fan 85 is op-
erated by the controller 79 so that the air in the compart-
ment 11 isintroduced in the first heat exchanger 83. Heat
is transferred from the heat storage medium M through
the fin unit 89 to the first heat exchange surface 87. The
heat is then transferred from the second heat exchange
surface 88 through the fin unit 91 to the air in the com-
partment 11 in the first heat exchanger 83. In this way,
heating of the compartment 11 is performed by heat
transfer from the heat storage unit 81 to the air in the
compartment 11.

[0105] The third embodiment offers the advantages
similar to those of the second embodiment

[0106] The above embodiments may be modified in
various ways as exemplified below.

[0107] Although in the previous embodiments the
present invention is applied to an electric vehicle, it is
applicable to an airplane, ship, or automobile such as a
hybrid electric vehicle (HEV), plug-in hybrid electric ve-
hicle (PHEV) or engine-powered car having an internal
combustion engine, and also applicable to a house and
building.

[0108] Although inthe first embodiment the peltier unit
andthe heat storage unit are provided in the motor room,
they may be provided in any position as long as they are
thermally insulated from the compartment. For example,
the peltier unit and the heat storage unit may be provided
in an underfloor space or closed cargo space.

[0109] In the second and third embodiments, heat
transfer between the heat storage unit and the first heat
exchanger is accomplished by heat exchange between
the heat storage unit and the first heat exchange surface
of the peltier unit through the fin unit and also between
the second heat exchange surface and the air through
the fin unit. In this case, heat transfer between the first
heat exchanger and the heat storage unit can be accom-
plished not only by such fin unit but also by heat medium
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circulation between the first heat exchange surface and
the heat storage unit through a circuit and pump, which
allows precisely controlled air conditioning. Further, heat
transfer between the second heat exchange surface and
the air can be accomplished by the fin unit and such heat
medium circulation.

[0110] Although in the first embodiment the first heat
exchanger is provided separately from the second heat
exchanger, the first heat exchanger may also serves as
the second heat exchanger so that the outside air is in-
troduced in the first heat exchanger. In this case, the
outside air introduced in the first heat exchanger is used
as a heat source, and heat is discharged through the first
heat exchanger into the outside in the heat storage op-
eration. Further, the first heat exchanger also serves as
the third heat exchanger so that waste heat is transferred
to the first heat exchanger through a heat medium circuit
and pump, which allows heating of the compartment 11
using waste heat of the system.

[0111] Although in the previous embodiments potas-
sium fluoride tetrahydrate (KF-4H,0) is used for the latent
heat storage material of the heat storage medium, the
heat storage medium may be made of a latent heat stor-
age material having a melting point within the medium
temperature range, for example, an inorganic hydrate
such as lithium perchlorate trihydrate (LiCI0, 3H,0), or
paraffinic material or clathrate material other than an in-
organic hydrate.

[0112] Although in the previous embodiments a single
heat storage unit is used, two or more heat storage units
may be used so thatthe first heat exchangeris selectively
connected to the respective heat storage units through
the peltier unit. Provision of the heat storage unit with the
heat storage mediumin liquid phase and the heat storage
unit with the heat storage medium in solid phase allows
air conditioning by using either one of the heat storage
media in temperature environment such as in spring and
autumn in which cooling and/or heating may be per-
formed Although the conventional system having two
heat storage media for low and high temperatures re-
quires a large amount of electric power for heat storage,
use of the heat storage medium having a melting point
within the range of 5 to 30 degrees C allows heat storage
in the respective heat storage media in liquid and solid
phase using less electtic power.

[0113] An air conditioner includes a heat storage unit
having a heat storage medium, a first heat exchanger for
heat exchange with air in a compartment, a second heat
exchanger for heat exchange with outside air, and a pel-
tierunithavingafirstand second heat exchange surfaces
opposite to each other. The first heat exchange surface
is thermally conductive to the heat storage unit, and the
second heat exchange surface is thermally conductive
to the first and second heat exchangers. In heat storage
mode electric current flows through the peltier unitin one
direction to provide heat transfer between the second
heat exchanger and the heat storage unit. In air condi-
tioningmode electric current flows through the peltier unit
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in the other direction to provide heat transfer between
the first heat exchanger and the heat storage unit.

Claims

1. An air conditioner, comprising:

a heat storage unit (21) having a heat storage
medium (M);

a first heat exchanger (23) for heat exchange
with air in a compartment (11); and

asecond heatexchanger (24) forheat exchange
with outside air,

the air conditioner characterized by

a peltier unit (22) having a peltier device, the
peltier unit (22) having afirst heat exchange sur-
face (27) and a second heat exchange surface
(28) opposite to each other, the first heat ex-
change surface (27) being thermally conductive
to the heat storage unit (21), the second heat
exchange surface (28) being thermally conduc-
tive to the first and second heat exchangers (23,
24);

wherein in heat storage mode electtic current
flows through the peltier unit (22) in one direction
to provide heat transfer between the second
heat exchanger (24) and the heat storage unit
(21) for heat storage in the heat storage medium
(M), and in air conditioning mode electric current
flows through the peltier unit (22) in the other
direction to provide heat transfer between the
first heat exchanger (23) and the heat storage
unit (21) for air conditioning of the compartment

(11).

2. The airconditioneraccordingto claim 1, further com-
prising:

a first heat medium circuit (29) where heat me-
diumis circulated between the heat storage unit
(21) and the first heat exchange surface (27) of
the peltier unit (22);

a second heat medium circuit (33) where heat
medium is circulated between the first heat ex-
changer (23) andthe second heatexchange sur-
face (28) of the peltier unit (22); and

a third heat medium circuit where heat medium
is circulated between the second heat exchang-
er (24) and the second heat exchange surface
(28) of the peltier unit (22).

3. Theairconditioneraccordingto claim 2, further com-
prising a fourth heat medium circuit where heat me-
dium is circulated between the second heat ex-
changer(24)andthefirstheat exchange surface (27)
of the peltier unit (22).
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4. Theairconditioneraccording to claim 3, further com-
prising:

a switching device (36, 37, 39, 40) for switching
between the heat medium circuits; and

a controller (45) for controlling the switching de-
vice (36, 37, 39, 40),

wherein in the air conditioning mode the switch-
ing device (36, 37, 39, 40) is controlled by the
controller (45) so that the air conditioner is op-
erated in a first circulation condition in which
heat medium is circulated through the first heat
medium circuit (29), or operated in a second cir-
culation condition in which heat medium is cir-
culated through the fourth heat medium circuit.

5. Theairconditioneraccording to claim 4, further com-
prising:

a first temperature sensor (52) for detecting the
temperature of the heat storage medium (M);
and

a second temperature sensor (50) for detecting
the temperature of the second heat exchanger
(24),

wherein in the air conditioning mode the switch-
ing device (36, 37, 39, 40) is controlled by the
controller (45) so that the air conditioner is op-
erated in the first circulation condition when
there is a temperature difference between the
temperatures of the heat storage medium (M)
and the second heat exchanger (24), and oper-
ated in the second circulation condition when
there is no temperature difference between the
temperatures of the heat storage medium (M)
and the second heat exchanger (24).

6. The airconditioneraccordingto claim 4, further com-
prising:

a first temperature sensor (52) for detecting the
temperature of the heat storage medium (M);
and

a second temperature sensor (50) for detecting
the temperature of the second heat exchanger
(24),

wherein in the air conditioning mode the switch-
ing device (36, 37, 39, 40) is controlled by the
controller (45) so that the air conditioner is op-
erated in the first circulation condition when a
first temperature difference between the tem-
perature of the heat storage medium (M) and a
target compartment temperature is smaller than
a second temperature difference between the
temperature of the second heat exchanger (24)
and the target compartment temperature, and
operated in the second circulation condition
when the second temperature difference is
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smaller than the first temperature difference.

The air conditioneraccording to claim 5, further com-
prising a third temperature sensor (46, 47) for de-
tecting compartment temperature or outside airtem-
perature,

wherein in the air conditioning mode the switching
device (36, 37, 39, 40) is controlled by the controller
(45) so that the air conditioner is operated in the sec-
ond circulation condition when the compartment
temperature or the outside air temperature is within
the range of 10 to 30 degrees Celsius, or 10 degrees
Celsius above or below the melting point of the heat
storage medium (M).

The air conditioneraccordingto claim 7, further com-
prising athird heat exchanger (25) forheatexchange
with waste heat, the third heat exchanger (25) being
thermally conductive to the first heat exchange sur-
face (27) of the peltier unit (22).

The airconditioneraccordingto claim 8, further com-
prising a fifth heat medium circuit where heat medi-
um is circulated between the third heat exchanger
(25) and the first heat exchange surface (27) of the
peltier unit (22).

The air conditioner according to claim 9, wherein in
the air conditioning mode the switching device (36,
37, 39, 40, 42, 43, 44) is controlled by the controller
(45) so that the air conditioner is operated in the first
circulation condition or in a third circulation condition
in which heat medium is circulated through the fifth
heat medium circuit.

The air conditioner according to claim 10, further
comprising a fourth temperature sensor (51) for de-
tecting the temperature of the third heat exchanger
(25),

wherein in the air conditioning mode the switching
device (36, 37, 39, 40, 42, 43, 44) is controlled by
the controller (45) so that the air conditioner is oper-
ated in the first circulation condition when the tem-
perature of the heat storage medium (M) is higher
than the temperature of the third heat exchanger
(25), and operated in the third circulation condition
when the temperature of the third heat exchanger
(25) is higher than the temperature of the heat stor-
age medium (M).

The air conditioner according to claim 7, wherein in
the heat storage mode the air conditioneris operated
so that heat transfer between the second heat ex-
changer (24) and the heat storage unit (21) is pro-
vided only when the compartment temperature or
the outside air temperature is not within the range of
10 to 30 degrees Celsius, or 10 degrees Celsius
above or below the melting point of the heat storage
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medium (M).
An air conditioner, comprising:

a heat storage unit (61) having a heat storage
medium (M); and

a heat exchanger (63) for heat exchange with
air in a compartment (11) or outside air,

the air conditioner characterized by

a peltier unit (62) having a peltier device, the
peltier unit having a first heat exchange surface
(73) and a second heat exchange surface (74)
opposite to each other, the first heat exchange
surface (73) being thermally conductive to the
heat storage unit (61), the second heat ex-
change surface (74) being thermally conductive
to the heat exchanger (63);

wherein in heat storage mode electric current
flowsthroughthe peltier unit (62) in one direction
to provide heat transfer between the outside air
and the heat storage unit (61) through the heat
exchanger (63) for heat storage in the

heat storage medium (M), and in air conditioning
mode electric current flows through the peltier
unit (62) in the other direction to provide heat
transfer between the airin the compartment (11)
and the heat storage unit (61) through the heat
exchanger (63) for air conditioning of the com-
partment.

The air conditioner according to any one of claims 1
through 13, wherein the heat storage medium (M)
has amelting pointwithinthe range of 5t0 30 degrees
Celsius.

The air conditioner according to claim 14, wherein
potassium fluoride tetrahydrate is used for the ma-
terial of the heat storage medium (M).
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