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Description
Technical Field

[0001] The presentinvention relates to a vehicular air
conditioning system incorporated in a vehicle for air-con-
ditioning a passenger cabin of the vehicle.

Background Art

[0002] Vehicles, e.g., engine automobiles having an
internal combustion engine, hybrid automobiles having
an engine and a secondary battery (or a secondary bat-
tery and a fuel cell or the like) in combination, electric
automobiles, and fuel cell automobiles, incorporate var-
ious types of vehicular air conditioning systems.

[0003] For example, as shown in FIG. 19, a vehicular
air conditioning apparatus, as disclosed in Japanese
Laid-Open Patent Publication No. 2009-023564, in-
cludes a compressor 1 for drawing in and discharging a
refrigerant, a condenser 3 disposed in an air conditioning
unit case 2 for heating air through heat exchange be-
tween the air and the refrigerant that is discharged from
the compressor 1 in a heating mode, a receiver 4 for
receiving the refrigerant flowing in from the condenser 3
and performing gas-liquid separation in the heating
mode, a supercooler 5 for supercooling the liquid refrig-
erant that flows in from the receiver 4 through heat ex-
change between the liquid refrigerant and ambient air in
the heating mode, a depressurizer 6 for depressurizing
the refrigerant that has been supercooled by the super-
cooler 5 in the heating mode, and an outdoor heat ex-
changer 7 for evaporating the refrigerant depressurized
by the depressurizer 6 in the heating mode.

[0004] With the above vehicular air conditioning appa-
ratus, subcooling (i.e., a degree of subcooling) is
achieved by the receiver 4, and further is additionally
achieved reliably by the supercooler 5, which is disposed
downstream of the receiver 4, using ambient air in the
heating mode. The vehicular air conditioning apparatus
is rendered highly efficient and excellent in heating per-
formance through a relatively simple cyclic arrangement.
[0005] According to Japanese Laid-Open Patent Pub-
lication No. 2009-023564, the receiver 4 and the super-
cooler 5 are used only in the heating mode, and thus, the
receiver 4 and the supercooler 5 are not required in a
cooling mode. Therefore, the number of components
dedicated to the heating mode is increased, which makes
the vehicular air conditioning apparatus uneconomical.

[0006] Accordingto Japanese Laid-Open Patent Pub-
lication No. 2009-023564, furthermore, the vehicular air
conditioning apparatus does not include a buffer in order
to make up for a refrigerant shortage in the case that the
cooled liquid refrigerant remains trapped in the outdoor
heat exchanger 7, and the amount of refrigerant used for
air-conditioning the vehicle is reduced in the cooling
mode. Consequently, air-conditioning performance is
lowered due to the refrigerant shortage, resulting in the
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need for a power increase caused by a capability short-
age of the compressor 1, and also resulting in poor mile-
age on account of the power increase.

[0007] Another known vehicular air-conditioning sys-
tem is disclosed in US 2009/0113913 A1, which is con-
sidered as the closest prior art.

Summary of Invention

[0008] The present invention has been made in order
to solve the aforementioned problems. It is an object of
the presentinvention to provide a vehicular air condition-
ing system, which is capable of increasing heat exchange
efficiency and maintaining good air-conditioning perform-
ance as a result of stably circulating a refrigerant by
means of a simple and economical arrangement.
[0009] According to the presentinvention, there is pro-
vided a vehicular air conditioning system of the heat
pump type according to the features ofindependent claim
1.

[0010] According to the present invention, the gas-lig-
uid separation refrigerant storage unitfunctions as a buff-
er for making up or compensating for a refrigerant short-
age in a cooling mode. Therefore, when the air condi-
tioning system operates in the heating mode at an in-
creased ambient air temperature, as well as when the air
conditioning system operates in a transient mode such
as adehumidifying heatingmode, norefrigerant shortage
occurs, thereby allowing the air conditioning system to
perform air-conditioning in a stable manner.

[0011] In the heating mode, the heater, the gas-liquid
separation refrigerant storage unit, and the supercooling
heat exchanger are connected in bypassing relation to
the condenser. Consequently, the gas-liquid separation
refrigerant storage unit functions as a subcooling tank.
As a result, liquid refrigerant, which is produced upon
separation of gas contained in the refrigerant, flows
through the supercooling heat exchanger (subcooling
condenser) and is cooled to an ambient air temperature
range. Accordingly, there is no need to provide a sub-
cooling tank and a subcooler, which would be used only
in the heating mode.

[0012] It is thus possible to increase heat exchange
efficiency and to maintain good air-conditioning perform-
ance by stably circulating the refrigerant by means of a
simple and economical arrangement.

Brief Description of Drawings
[0013]

FIG. 1 is a schematic block diagram of a vehicular
air conditioning system according to a first embodi-
ment of the present invention;

FIG. 2 is a schematic view showing the manner in
which the vehicular air conditioning system operates
in a heating mode;

FIG. 3is adiagram showing a cycle on a Mollier chart
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plotted when the vehicular air conditioning system
operates in the heating mode;

FIG. 4 is a schematic view showing the manner in
which the vehicular air conditioning system operates
in a dehumidifying heating mode;

FIG. 5 is a schematic view showing the manner in
which the vehicular air conditioning system operates
in a cooling mode;

FIG. 6 is a schematic block diagram of a vehicular
air conditioning system according to a second em-
bodiment of the present invention;

FIG. 7 is adiagram showing a cycle on a Mollier chart
plotted when the vehicular air conditioning system
operates in a heating mode;

FIG. 8 is a schematic block diagram of a vehicular
air conditioning system according to a third embod-
iment of the present invention;

FIG. 9 is a schematic block diagram of a vehicular
air conditioning system according to a fourth embod-
iment of the present invention;

FIG. 10 is a schematic view showing the manner in
which the vehicular air conditioning system operates
in a heating mode;

FIG. 11 is a schematic view showing the manner in
which the vehicular air conditioning system operates
in a dehumidifying heating mode;

FIG. 12 is a schematic view showing the manner in
which the vehicular air conditioning system operates
in a cooling mode;

FIG. 13 is a schematic block diagram of a vehicular
air conditioning system according to a fifth embodi-
ment of the present invention;

FIG. 14 is a schematic view showing the manner in
which the vehicular air conditioning system operates
in a cooling mode;

FIG. 15 is a schematic block diagram of a vehicular
air conditioning system according to a sixth embod-
iment of the present invention;

FIG. 16 is a schematic view showing the manner in
which the vehicular air conditioning system operates
in a cooling mode;

FIG. 17 is a schematic block diagram of a vehicular
air conditioning system according to a seventh em-
bodiment of the present invention;

FIG. 18 is a schematic block diagram of a vehicular
air conditioning system according to an eighth em-
bodiment of the present invention; and

FIG. 19is a diagram illustrating the vehicular air con-
ditioning apparatus disclosed in Japanese Laid-
Open Patent Publication No. 2009-023564.

Description of Embodiments

[0014] AsshowninFIGS. 1 and 2, a vehicular air con-
ditioning system 10 according to a first embodiment of
the present invention is incorporated in an automobile
(vehicle) 12 for air-conditioning a passenger cabin (ve-
hicle compartment) 14 of the automobile 12.
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[0015] The air conditioning system 10 has a heat pump
circulation path 18 for circulating a refrigerant via a com-
pressor 16. The heat pump circulation path 18 includes
therein a condenser unit (condenser) 20 for performing
heat exchange between the refrigerant and ambient air,
an expansion valve 22 for depressurizing the refrigerant
delivered from the condenser unit 20, a first evaporator
(evaporator) 24 for performing heat exchange between
the refrigerant that has passed through the expansion
valve 22 and air-conditioning air, and a heater 26 for per-
forming heat exchange between the refrigerant delivered
from the compressor 16 and the air-conditioning air that
has passed through the first evaporator 24.

[0016] Theheatpump circulation path 18 branchesinto
a branch path 28, which includes a second evaporator
(rear evaporator) 30 for performing heat exchange be-
tween a heat medium discharged from the cabin 14
(waste heat gas from the cabin 14) and the refrigerant.
[0017] Since the heating medium used for heat ex-
change in the second evaporator 30 is an exhaust heat
gas from the cabin 14, heat that is carried in the cabin
14 can effectively be utilized without being abandoned.
When the air conditioning system 10 is activated for
warming the cabin 14, heat used to warm the cabin 14
is retrieved and introduced again into the air conditioning
system 10. Therefore, the air conditioning system 10 can
be started up quickly.

[0018] The condenser unit 20 includes a main con-
denser (condensing device) 32, a gas-liquid separation
refrigerant storage unit (subcooling tank) 34, and a sub-
condenser (supercooling heat exchanger) 36, which are
connected mutually in series downstream of the heater
26, and through which the refrigerant flows in a cooling
mode. A solenoid-operated valve 38a is disposed up-
stream of the main condenser 32.

[0019] A bypass means 40 is connected to the heat
pump circulation path 18 for connecting the heater 26 to
the gas-liquid separation refrigerant storage unit 34 and
the subcondenser 36 in bypassing relation to the main
condenser 32 in a heating mode. The bypass means 40
includes a first bypass path 42a, which branches from
the heat pump circulation path 18 and is connected to
the gas-liquid separation refrigerant storage unit 34 of
the condenser unit 20. The first bypass path 42a includes
a solenoid-operated valve 38b.

[0020] The expansion valve 22 includes a means (not
shown) for detecting the temperature of the refrigerant
delivered from the first evaporator 24, which cools the
air-conditioning air. An opening of the expansion valve
22 is variable automatically depending on the tempera-
ture of the refrigerant delivered from the first evaporator
24, for thereby varying the flow rate of the refrigerant.
[0021] The heat pump circulation path 18 also includes
a three-way valve 44a at a junction between a portion of
a path near the expansion valve 22 and an inlet of the
branch path 28. The heat pump circulation path 18 further
includes a three-way valve 44b at a junction between an
outlet of a second bypass path 42b, which bypasses the
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first evaporator 24, and the heat pump circulation path
18. The second evaporator 30 is disposed in a rear por-
tion of the automobile 12 (see FIG. 2).

timfyt2139

[0022] Between the first evaporator 24 and the heater
26, there is disposed an air mixing damper 46 for intro-
ducing air-conditioning air, having been cooled by the
first evaporator 24, into the cabin 14 in bypassing relation
to the heater 26.

[0023] The automobile 12 has an ambient air inlet 48
forintroducing ambient air as the air-conditioning air. The
first evaporator 24 and the heater 26 are successively
disposed in this order downstream of the ambient air inlet
48. The air conditioning system 10 includes a controller
(ECU) 50, which functions as a flow path switching
means, for controlling the solenoid-operated valves 38a,
38b and the three-way valves 44a, 44b to switch between
the heating mode and the cooling mode, and which also
controls the air conditioning system 10 in its entirety (see
FIG. 1).

[0024] Operations of the air conditioning system 10 will
be described below with reference to a cycle diagram
shown in FIG. 3.

[0025] When the air conditioning system 10 operates
in a heating mode, as shown in FIG. 2, the compressor
16 is actuated to deliver refrigerant into the heat pump
circulation path 18. The refrigerantis supplied to the heat-
er 26, which carries out heat exchange between the re-
frigerant and the air-conditioning air (radiates heat into
the air-conditioning air) in order to increase the temper-
ature of the air-conditioning air.

[0026] The solenoid-operated valve 38a is closed and
the solenoid-operated valve 38bis opened, so as to allow
the refrigerant, which is discharged from the heater 26,
to pass through the first bypass path 42a and directly into
the gas-liquid separation refrigerant storage unit 34, in
bypassing relation to the main condenser 32. The refrig-
erant flows from the gas-liquid separation refrigerant stor-
age unit 34 through the subcondenser 36. The sub-
condenser 36 cools the refrigerant and delivers the
cooled refrigerant to the expansion valve 22.

[0027] The refrigerant is depressurized by the expan-
sion valve 22 and branches through the three-way valve
44a into the branch path 28, from which the refrigerant
is introduced into the second evaporator 30. The second
evaporator 30 carries out heat exchange between the
refrigerant and a heat source in the cabin 14. The refrig-
erant then bypasses the first evaporator 24 and flows
back into the compressor 16 through the second bypass
path 42b and the expansion valve 22.

[0028] According to the first embodiment, the main
condenser 32, the gas-liquid separation refrigerant stor-
age unit 34, and the subcondenser 36 are connected
mutually in series downstream of the heater 26. The heat
pump circulation path 18 includes the bypass means 40,
which connects the heater 26 to the gas-liquid separation
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refrigerant storage unit 34 and the subcondenser 36, in
bypassing relation to the main condenser 32 in the heat-
ing mode.

[0029] When the air conditioning system 10 operates
in the heating mode, as shown in FIG. 2, a portion of the
heat pump circulation path 18 downstream of the heater
26 is connected to the gas-liquid separation refrigerant
storage unit 34 and the subcondenser 36 in bypassing
relation to the main condenser 32. The gas-liquid sepa-
ration refrigerant storage unit 34 and the subcondenser
thus function respectively as subcooling tanks (see the
gas-liquid separation refrigerant storage unit 34 and the
subcondenser 36 in FIG. 3).

[0030] The refrigerant can thus be introduced as a per-
fect liquid medium into the expansion valve 22, whereby
the expansion valve 22 is effectively prevented from trap-
ping gas therein. Therefore, the heat pump circulation
path 18 is capable of stably circulating the refrigerant,
thereby easily increasing air-conditioning performance
and maintaining the air-conditioning performance favo-
rably.

[0031] The gas-liquid separation refrigerant storage
unit 34 is used as a subcooling tank. Consequently, the
gas-liquid separation refrigerant storage unit 34 can pro-
vide a sufficient amount of refrigerant, making it possible
to prevent air-conditioning performance from being low-
ered due to a shortage of refrigerant when the air condi-
tioning system 10 operates in the heating mode at an
increased ambient air temperature, as well as when the
air conditioning system 10 operates in a transient mode
such as a dehumidifying heating mode.

[0032] According to the first embodiment, furthermore,
there is no need to provide a subcooling tank and a sub-
cooler for use only in the heating mode, because the gas-
liquid separation refrigerant storage unit 34 and the sub-
condenser 36 of the condenser unit 20, which as de-
scribed later serves as a heat radiator in the cooling
mode, can be shared with the heating mode. Since there
are no devices that are used only in the heating mode,
the system installation space in the front portion of the
vehicle that incorporates the air conditioning system 10
therein is effectively reduced.

[0033] Consequently, by stably circulating the refriger-
ant with a simple and economical arrangement, it is pos-
sible to increase the heat exchange efficiency and to
maintain good air-conditioning performance.

[0034] Operations of the air conditioning system 10 in
the dehumidifying heating mode will be described below.
[0035] When the air conditioning system 10 operates
in the dehumidifying heating mode, as shown in FIG. 4,
the three-way valve 44b is actuated in order to close the
second bypass path 42b, thereby connecting the first
evaporator 24 to the heat pump circulation path 18. When
the compressor 16 is operated, the refrigerant delivered
into the heat pump circulation path 18 flows through the
heater 26, which radiates heat from the refrigerant.
Thereafter, the refrigerant flows through the gas-liquid
separation refrigerant storage unit 34, the subcondenser
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36, and the expansion valve 22, whereupon the refriger-
ant becomes lower in pressure and temperature. The
heat of the refrigerant is absorbed by the second evap-
orator 30 and thereafter the refrigerant is delivered to the
first evaporator 24.

[0036] The first evaporator 24 absorbs heat from the
air-conditioning air thereby cooling the air-conditioning
air. Thereafter, the temperature of the air-conditioning air
is increased by the heater 26 and the air-conditioning air
is then introduced into the cabin 14. Since the air-condi-
tioning air is cooled by the first evaporator 24, water vapor
contained in air that is introduced from outside the auto-
mobile 12 is removed, i.e., the introduced air is dehumid-
ified.

[0037] Even if the air-conditioning air that passes
through the first evaporator 24 is low in temperature, the
second evaporator 30 absorbs a sufficientamount of heat
from a heat source that is discharged from the cabin 14,
which is high in temperature and low in humidity, thereby
heating the refrigerant that flows into the first evaporator
24. Therefore, even when the air conditioning system 10
operates in the dehumidifying heating mode, the second
evaporator 30 does not freeze andis capable of operating
continuously.

[0038] Sincetherefrigerantis supplied to the gas-liquid
separation refrigerant storage unit 34, the gas-liquid sep-
aration refrigerant storage unit 34 also functions as a
subcooling tank. As a result, when the refrigerant is dis-
tributed at the time that the air conditioning system 10
operates in a transient mode such as the dehumidifying
heating mode, no shortage of refrigerant occurs, thus
allowing the air conditioning system 10 to operate with
stable air-conditioning performance.

[0039] FIG. 5 shows the manner in which the vehicular
air conditioning system 10 operates in the cooling mode.
[0040] Whentheairconditioning system 10is operated
in the cooling mode, the solenoid-operated valve 38a is
opened and the solenoid-operated valve 38b is closed,
whereby the condenser unit 20 is connected to the heat
pump circulation path 18. The three-way valves 44a, 44b
are switched in order to disconnect the branch path 28
from the heat pump circulation path 18, and to connect
the first evaporator 24 to the heat pump circulation path
18. The air mixing damper 46 remains fully closed.
[0041] The compressor 16 is actuated in order to com-
press the refrigerant to a high temperature. Compressed
refrigerant flows through the heater 26 and then the re-
frigerant is cooled by the condenser unit 20. Thereafter,
the refrigerant is converted by the expansion valve 22
into a refrigerant of low temperature and low pressure,
whereupon the refrigerant is supplied to the first evapo-
rator 24. When the low-temperature refrigerant flows
through the first evaporator 24, the first evaporator 24
carries out heat exchange between the refrigerant and
the air-conditioning air. The air-conditioning air is cooled,
and the refrigerant flows from the expansion valve 22
back into the compressor 16 after heat from the refriger-
ant is absorbed by the expansion valve 22.
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[0042] The air-conditioning air, which has been cooled
by the first evaporator 24, is not heated since the air mix-
ing damper 46 is closed, and the air-conditioning air is
introduced into the cabin 14, thereby cooling the cabin
14. In the cooling mode, the gas-liquid separation refrig-
erant storage unit 34 performs a dampening action so as
to dampen any increase or decrease in the amount of
refrigerant.

[0043] FIG. 6 is a schematic block diagram of a vehic-
ular air conditioning system 60 according to a second
embodiment of the presentinvention. Parts of the air con-
ditioning system 60 according to the second embodi-
ment, which are identical to those of the air conditioning
system 10 according to the firstembodiment, are denoted
by identical reference characters, and such features will
not be described in detail below. Similarly, parts of air
conditioning systems according to later-described third
through eighth embodiments of the present invention,
which are identical to those of the air conditioning system
10 according to the first embodiment, are denoted by
identical reference characters, and such features will not
be described in detail below.

[0044] The air conditioning system 60 includes a by-
pass means 62 connected to the heat pump circulation
path 18, for thereby connecting the heater 26 to the gas-
liquid separation refrigerant storage unit 34 in bypassing
relation to the main condenser 32 in the heating mode.
The bypass means 62 includes the first bypass path 42a
and a flow rate control valve 64, for example, a metering
valve, a flow rate regulating valve, or the like, which is
connected to the first bypass path 42a and serves as a
pressure loss device for causing the refrigerant to under-
go a pressure loss. An opening of the flow rate control
valve 64 is adjusted by an actuator such as a motor 66,
for example.

[0045] According to the second embodiment, as
shown in a cycle diagram illustrated in FIG. 7, since the
flow rate control valve 64 is used as a pressure loss de-
vice, the subcooling region in the heating mode can be
increased. Therefore, when the ambient temperature is
very low, the flow rate control valve 64 can be actuated
to increase the enthalpy difference at the heater 26.
[0046] In addition, with such an increased amount of
subcooling, the respective inlet temperatures of the gas-
liquid separation refrigerant storage unit 34 and the sub-
condenser 36, which serves as a supercooling heat ex-
changer, can be lowered to a temperature equivalent to
that of the very low ambient temperature. Therefore, heat
radiation from ambient air in the supercooling heat ex-
changer can be held to a minimum.

[0047] Furthermore, since the amount of subcooling is
increased, the capacity of the heater 26 can be increased
to a higher temperature and/or higher pressure (from
pressure a to pressure a1). The heating performance of
the heater 26 can thus be effectively increased.

[0048] FIG. 8 is a schematic block diagram of a vehic-
ular air conditioning system 70 according to a third em-
bodiment of the present invention.
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[0049] The air conditioning system 70 includes a by-
pass means 72, which is connected to the heat pump
circulation path 18, for connecting the heater 26 to the
gas-liquid separation refrigerant storage unit 34 in by-
passing relation to the main condenser 32 in the heating
mode. The bypass means 72 includes the first bypass
path 42a and a capillary 74, which is connected to the
first bypass path 42a and serves as a pressure loss de-
vice for causing the refrigerant to undergo a pressure
loss. The solenoid-operated valve 38b is connected up-
stream of the capillary 74.

[0050] According to the third embodiment, since the
capillary 74 is used as a pressure loss device, the same
advantages as those of the second embodiment are
achieved. For example, the subcooling region in the heat-
ing mode can be increased.

[0051] FIG. 9is a schematic block diagram of a vehic-
ular air conditioning system 80 according to a fourth em-
bodiment of the presentinvention. FIG. 10 is a schematic
diagram of the vehicular air conditioning system 80.
[0052] The air conditioning system 80 includes a con-
denser 82 connected to the heat pump circulation path
18 for performing heat exchange between the refrigerant
and the ambient air, and a bypass means 84 connected
to the heat pump circulation path 18 for connecting the
heater 26 to the gas-liquid separation refrigerant storage
unit 34 and the subcondenser 36 in bypassing relation
to the condenser 82 in the heating mode.

[0053] The condenser 82 comprises a condensing de-
vice 86, a tank 88, and a supercooler 90, which are cou-
pled togetherintegrally. The solenoid-operated valve 38a
is connected between the condenser 82 and the heater
26 and is positioned close to an upstream end of the
condenser 82.

[0054] The bypass means 84 includes the first bypass
path 42a, in which there are included the gas-liquid sep-
aration refrigerant storage unit 34, the subcondenser 36,
and the solenoid-operated valve 38b.

[0055] The air conditioning system 80 operates in the
same manner as shown in the cycle diagram of FIG. 3.
More specifically, when the air conditioning system 80 is
operated in the heating mode, as shown in FIG. 10, the
compressor 16 is actuated in order to deliver refrigerant
into the heat pump circulation path 18. The refrigerant is
supplied to the heater 26, which carries out heat ex-
change between the refrigerant and the air-conditioning
air (i.e., radiates heat into the air-conditioning air) so as
to increase the temperature of the air-conditioning air.
[0056] Then,the solenoid-operated valve 38ais closed
and the solenoid-operated valve 38b is opened in order
to allow the refrigerant, having been discharged from the
heater 26, to pass through the first bypass path 42a di-
rectly into the gas-liquid separation refrigerant storage
unit 34 in bypassing relation to the condenser 82. The
refrigerant flows from the gas-liquid separation refriger-
ant storage unit 34 and through the subcondenser 36,
which cools the refrigerant and delivers the cooled refrig-
erant to the expansion valve 22.
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[0057] According to the fourth embodiment, the gas-
liquid separation refrigerant storage unit 34 and the sub-
condenser 36 are connected mutually in series through
the first bypass path 42a downstream of the heater 26.
The heat pump circulation path 18 includes the bypass
means 84, which connects the heater 26 to the gas-liquid
separation refrigerant storage unit 34 and the sub-
condenser 36, in bypassing relation to the condenser 82
in the heating mode.

[0058] Whenthe airconditioning system 80is operated
in the heating mode, as shown in FIG. 10, a portion of
the heat pump circulation path 18 downstream of the
heater 26 is connected to the gas-liquid separation re-
frigerant storage unit 34 and the subcondenser 36 in by-
passing relation to the condenser 82. The gas-liquid sep-
aration refrigerant storage unit 34 thus functions as a
subcooling tank. When gas contained in the refrigerant
supplied to the gas-liquid separation refrigerant storage
unit 34 is separated from the refrigerant, a liquid refrig-
erantis produced through operation of the gas-liquid sep-
aration refrigerant storage unit 34. The liquid refrigerant
is cooled to an ambient temperature range when the lig-
uid refrigerant flows through the subcondenser 36.
[0059] The refrigerant can thus be introduced as a per-
fect liquid medium into the expansion valve 22, thereby
effectively preventing gas from becoming trapped in the
expansion valve 22. Therefore, the heat pump circulation
path 18 is capable of stably circulating the refrigerant,
thereby easily increasing air-conditioning performance
and maintaining the air-conditioning performance favo-
rably.

[0060] The gas-liquid separation refrigerant storage
unit 34 is used as a subcooling tank. Consequently, the
gas-liquid separation refrigerant storage unit 34 can pro-
vide a sufficientamount of refrigerant, thus making it pos-
sible to prevent air-conditioning performance from being
lowered due to a shortage of refrigerant when the air
conditioning system 80 operates in the heating mode at
an increased ambient air temperature, as well as when
the air conditioning system 80 operates in a transient
mode such as a dehumidifying heating mode. Therefore,
the fourth embodiment provides the same advantages
as those of the first through third embodiments.

[0061] Sincethe subcondenser 36 can be located free-
ly, the layout freedom of the air conditioning system 80
is effectively increased. The subcondenser 36 may be
located in any position insofar as ambient air can flow
through the subcondenser 36. Thus, the subcondenser
36 can be installed easily and effectively.

[0062] Operations of the air conditioning system 80 in
the dehumidifying heating mode will be described below.
[0063] Whentheairconditioningsystem 80is operated
in the dehumidifying heating mode, as shown in FIG. 11,
the three-way valve 44b is actuated in order to close the
second bypass path 42b and to connect the first evapo-
rator 24 to the heat pump circulation path 18. When the
compressor 16 is operated, the refrigerant, which is de-
livered into the heat pump circulation path 18, flows
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through the heater 26. Thereafter, the refrigerant flows
through the gas-liquid separation refrigerant storage unit
34, the subcondenser 36, and the expansion valve 22,
whereupon the refrigerant is lowered in pressure and
temperature. Heat of the refrigerant is absorbed by the
second evaporator 30, and thereafter, the refrigerant is
delivered to the first evaporator 24.

[0064] The first evaporator 24 absorbs heat from the
air-conditioning air in order to cool the air-conditioning
air. Thereafter, the temperature of the air-conditioning air
is increased by the heater 26, and then the air-condition-
ing air is introduced into the cabin 14. Since the air-con-
ditioning air is cooled by the first evaporator 24, water
vapor contained in air that is introduced from outside the
automobile 12 is removed, i.e., the air introduced into the
automobile 12 is dehumidified.

[0065] FIG. 12 shows the manner in which the vehic-
ular air conditioning system 80 operates in the cooling
mode.

[0066] Whentheairconditioning system 80is operated
in the cooling mode, the solenoid-operated valve 38a is
opened and the solenoid-operated valve 38b is closed,
thereby connecting the condenser 82 to the heat pump
circulation path 18. The three-way valves 44a, 44b are
switched in order to disconnect the branch path 28 from
the heat pump circulation path 18 and to connect the first
evaporator 24 to the heat pump circulation path 18. The
air mixing damper 46 remains fully closed.

[0067] The compressor 16 is actuated in order to com-
press the refrigerant to a high temperature. Compressed
refrigerant flows through the heater 26 and then the re-
frigerant is cooled by the condenser 82. Thereafter, the
refrigerant is converted by the expansion valve 22 into a
refrigerant of low temperature and low pressure, where-
upon the refrigerant is supplied to the first evaporator 24.
When the low-temperature refrigerant flows through the
firstevaporator 24, the first evaporator 24 carries out heat
exchange between the refrigerant and the air-condition-
ing air. The air-conditioning air is cooled, and the refrig-
erant flows from the expansion valve 22 back into the
compressor 16 after heat from the refrigerant is absorbed
by the expansion valve 22.

[0068] The air-conditioning air, which has been cooled
by the first evaporator 24, is not heated since the air mix-
ing damper 46 is closed. The air-conditioning air is intro-
duced into the cabin 14, thereby cooling the cabin 14. In
the cooling mode, the gas-liquid separation refrigerant
storage unit 34 performs a dampening action so as to
dampen any increase or decrease in the amount of re-
frigerant.

[0069] FIG. 13 is a schematic block diagram of a ve-
hicular air conditioning system 100 according to a fifth
embodiment of the present invention.

[0070] In the air conditioning system 100, a bypass
means 102 is connected to the heat pump circulation
path 18 for connecting the heater 26 to the gas-liquid
separation refrigerant storage unit 34 and to the sub-
condenser 36 in bypassing relation to the condenser 82
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in the heating mode. The bypass means 102 includes
the first bypass path 42a, which is connected parallel to
the condenser 82 and includes a solenoid-operated valve
38b.

[0071] The heat pump circulation path 18 includes the
gas-liquid separation refrigerant storage unit 34 and the
subcondenser 36, which are positioned between the out-
let of the condenser 82 and the inlet of the expansion
valve 22.

[0072] According to the fifth embodiment, when the air
conditioning system 100 is operated in the heating mode,
as shown in FIG. 13, the solenoid-operated valve 38a is
closed and the solenoid-operated valve 38b is opened.
When the compressor 16 is actuated, refrigerant is dis-
charged from the heater 26 and flows through the first
bypass path 42a directly into the gas-liquid separation
refrigerant storage unit 34 in bypassing relation to the
condenser 82. The refrigerant flows from the gas-liquid
separation refrigerant storage unit 34 and through the
subcondenser 36, which cools the refrigerant and deliv-
ers cooled refrigerant to the expansion valve 22. The
gas-liquid separation refrigerant storage unit 34 thus
functions as a subcooling tank. Liquid refrigerant, which
is produced when gas contained in the refrigerant is sep-
arated, flows through the subcondenser 36, thereby pro-
ducing a perfectliquid medium. Therefore, the heat pump
circulation path 18 is capable of stably circulating the
refrigerant therethrough, thereby easily increasing and
maintaining good air-conditioning performance. There-
fore, the fifth embodiment provides the same advantages
as those of the first through fourth embodiments.
[0073] When the air conditioning system 100 is oper-
ated in the cooling mode, as shown in FIG. 14, the sole-
noid-operated valve 38a is opened and the solenoid-op-
erated valve 38b is closed while the three-way valves
44a, 44b are switched. When the compressor 16 is ac-
tuated to compress the refrigerant to a high temperature,
compressed refrigerant flows through the heater 26, and
thereafter, the refrigerant is cooled by the condenser 82.
Then, the refrigerant is converted by the subcondenser
36 and the expansion valve 22 into a refrigerant of low
temperature and low pressure, whereupon the refriger-
ant is supplied to the first evaporator 24. In the cooling
mode, therefore, similar to the heating mode, the gas-
liquid separation refrigerant storage unit 34 performs a
dampening action so as to dampen any increase or de-
crease in the amount of refrigerant.

[0074] FIG. 15 is a schematic block diagram of a ve-
hicular air conditioning system 110 according to a sixth
embodiment of the present invention.

[0075] The air conditioning system 110 includes a by-
pass means 112 connected to the heat pump circulation
path 18 for connecting the heater 26 to the gas-liquid
separation refrigerant storage unit 34 in bypassing rela-
tion to the condenser 82 in the heating mode. The bypass
means 112 includes the first bypass path 42a, which in-
cludes the solenoid-operated valve 38b, the gas-liquid
separation refrigerant storage unit 34, and the sub-
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condenser 36. The gas-liquid separation refrigerant stor-
age unit 34 and the subcondenser 36 are disposed be-
tween the first evaporator 24 and the heater 26.

[0076] According to the sixth embodiment, when the
air conditioning system 110 is operated in the heating
mode, as shown in FIG. 15, the solenoid-operated valve
38a is closed and the solenoid-operated valve 38b is
opened. When the compressor 16 is actuated, refrigerant
is discharged from the heater 26 and flows through the
first bypass path 42a directly into the gas-liquid separa-
tion refrigerant storage unit 34 in bypassing relation to
the condenser 82. The refrigerant flows from the gas-
liquid separation refrigerant storage unit 34 and through
the subcondenser 36, which cools the refrigerant and
delivers cooled refrigerant to the expansion valve 22.
[0077] When the air conditioning system 110 is oper-
ated in the cooling mode, the solenoid-operated valve
38a is opened and the solenoid-operated valve 38b is
closed while the three-way valves 44a, 44b are switched.
Upon actuation of the compressor 16 to compress the
refrigerant to a high temperature, the compressed refrig-
erant flows through the heater 26 and then is cooled by
the condenser 82.

[0078] According to the sixth embodiment, therefore,
the heat pump circulation path 18 is capable of stably
circulating the refrigerant, thereby easily increasing and
maintaining good air-conditioning performance. Thus,
the sixth embodiment provides the same advantages as
those of the first through fifth embodiments.

[0079] FIG. 17 is a schematic block diagram of a ve-
hicular air conditioning system 120 according to a sev-
enth embodiment of the present invention.

[0080] The air conditioning system 120 includes a by-
pass means 122 connected to the heat pump circulation
path 18 for connecting the heater 26 to the gas-liquid
separation refrigerant storage unit 34 and the sub-
condenser 36 in bypassing relation to the condenser 82
in the heating mode.

[0081] Thebypassmeans 122includes aflow rate con-
trol valve 124, for example, a metering valve, a flow rate
regulating valve, or the like, which is connected to the
first bypass path 42a and serves as a pressure loss de-
vice for causing the refrigerant to undergo a pressure
loss. The opening of the flow rate control valve 124 is
adjusted by an actuator such as a motor 126, forexample.
[0082] According to the sixth embodiment, since the
flow rate control valve 124 is used as a pressure loss
device, in the same manner as the cycle diagram shown
in FIG. 7, a subcooling region can be increased in the
heating mode. Therefore, when the ambient temperature
is very low, the flow rate control valve 64 can be actuated
in order to increase the enthalpy difference at the heater
26.

[0083] Inaddition, due to the increased amount of sub-
cooling, the inlet temperature of the gas-liquid separation
refrigerant storage unit 34 and the subcondenser 36,
which serves as a supercooling heat exchanger, can be
lowered to a temperature that is equivalent to that of the
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very low ambient temperature. Therefore, heat radiation
from ambient air in the supercooling heat exchanger can
be held to a minimum.

[0084] Furthermore, since the amount of subcooling is
increased, the capacity of the heater 26 can be increased
to a higher temperature and/or higher pressure. The
heating performance of the heater 26 can thus be effec-
tively increased.

[0085] In essential features thereof, the seventh em-
bodiment is based on the fourth embodiment. However,
the seventh embodiment is not strictly limited to the fourth
embodiment, but may be based on the fifth embodiment
or the sixth embodiment. The same also applies to the
eighth embodiment, as described below.

[0086] FIG. 18 is a schematic block diagram of a ve-
hicular air conditioning system 130 according to an eighth
embodiment of the present invention.

[0087] The air conditioning system 130 includes a by-
pass means 132 connected to the heat pump circulation
path 18 for connecting the heater 26 to the gas-liquid
separation refrigerant storage unit 34 and the sub-
condenser 36 in bypassing relation to the condenser 82
in the heating mode. The bypass means 72 includes a
capillary 134, which is connected to the first bypass path
42a and serves as a pressure loss device for causing the
refrigerant to undergo a pressure loss. The solenoid-op-
erated valve 38b is disposed upstream of the capillary
134, whereas the gas-liquid separation refrigerant stor-
age unit 34 and the subcondenser 36 are disposed down-
stream of the capillary 134.

[0088] According to the eighth embodiment, since the
capillary 134 is used as a pressure loss device, the same
advantages as those of the seventh embodiment are
achieved. Forexample, the subcooling regionin the heat-
ing mode can be increased.

[0089] In each of the above embodiments, the heat
medium, which undergoes heat exchange with the refrig-
erant in the second evaporator 30, may be, aside from
the waste heat gas from the cabin 14, any medium that
is higher in temperature than the refrigerant flowing into
the second evaporator 30, e.g., a medium carrying heat
from the motor, heat from the battery, heat from an inter-
nal combustion engine assuming the vehicle has an in-
ternal combustion engine, heat from the controller 50, or
heat from ambient air, etc.

[0090] The three-way valves44a, 44b for switching be-
tween flow paths may be formed from a combination of
abranch block and a solenoid-operated valve for switch-
ing between flow paths, instead of an integral assembly
of a three-way branch and a valve mechanism.

Claims

1. A vehicular air conditioning system of a heat pump
type comprising:

a condenser (32) for performing heat exchange
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between a refrigerant and ambient air, the con-
denser (32) being connected to a heat pump cir-
culation path (18) for circulating the refrigerant
with a compressor (16);

an evaporator (24) connected to the heat pump
circulation path (18) for performing heat ex-
change between the refrigerant and air-condi-
tioning air; and

a heater (26) connected to the heat pump circu-
lation path (18) for performing heat exchange
between the refrigerant, which has been deliv-
ered from the compressor (16), and the air-con-
ditioning air that has passed through the evap-
orator (24);

the vehicular air conditioning system being
characterized in that it further comprises a first
bypass valve (38a) which is disposed upstream
of the condenser (32);

a gas-liquid separation refrigerant storage unit
(34);

a supercooling heat exchanger (36); and
bypass means (40, 62) connecting the gas-lig-
uid separation refrigerant storage unit (34) and
the supercooling heat exchanger (36) down-
stream of the heater (26) in bypassing relation
to the condenser (32) in a heating mode, where-
inthe bypass means (40) includes abypass path
(42a), which branches from the heat pump cir-
culation path (18) and is connected to the gas-
liquid separation refrigerant storage unit (34),
wherein the first bypass path (42a) includes a
second bypass valve (38b);

wherein in the heating mode, the first bypass
valve (38a) is closed and the second bypass
valve (38b) is opened.

2. The vehicular air conditioning system according to

claim 1, further comprising:

a rear evaporator (30) connected to a branch
path (28), which branches from the heat pump
circulation path (18), for performing heat ex-
change between the refrigerant and a heating
medium, which is obtained frominside or outside
of a vehicle (12), and which is higher in temper-
ature than the refrigerant.

The vehicular air conditioning system according to
claim 2, wherein the heating medium, which ex-
changes heat with the refrigerant in the rear evapo-
rator (30), comprises waste heat gas from a cabin
(14).

The vehicular air conditioning system according to
claim 1, further comprising an expansion valve (22)
for depressurizing the refrigerant delivered from the
condenser (32).

10

15

20

25

30

35

40

45

50

55

5.

The vehicular air conditioning system according to
any one of claims 1 through 3, wherein a condenser
unit (20) comprises the condenser (32), the gas-lig-
uid separation refrigerant storage unit (34), and the
supercooling heat exchanger (36), which are con-
nected mutually in series downstream of the heater
(26), and through which the refrigerant flows in a
cooling mode.

The vehicular air conditioning system according to
claim 1, wherein the bypass means (62) comprises
a pressure loss device (64) for causing the refriger-
ant to undergo a pressure loss.

Patentanspriiche

1.

Fahrzeug-Klimatisierungssystem vom Typ einer
Warmepumpe, umfassend:

einen Verflussiger (32) zum Durchfiihren eines
Warmetauschens zwischen einem Kaltemittel
und Umgebungsluft, wobei der Verflissiger (32)
mit einem Warmepumpe-Zirkulationsleitungs-
system (18) zum Zirkulieren des Kéltemittels mit
einem Kompressor (16) verbunden ist;

einen Verdampfer (24), welcher mit dem War-
mepumpe-Zirkulationsleitungssystem (18) ver-
bunden ist, zum Durchflihren eines Warmetau-
schens zwischen dem Kaltemittel und Klimati-
sierungs-Luft; und

ein Heizelement (26), welches mit dem Warme-
pumpe-Zirkulationsleitungssystem (18) verbun-
den ist, zum Durchfiihren eines Warmetaus-
chens zwischen dem Kaltemittel, welches von
dem Kompressor (16) geliefert worden ist, und
der Klimatisierungs-Luft, welche den Verdamp-
fer (24) durchlaufen hat;

wobeidas Fahrzeug-Klimatisierungssystem da-
durch gekennzeichnet ist, dass es ferner um-
fasst:

ein erstes Umgehungs-Ventil (38a), wel-
ches stromaufwarts von dem Verflissiger
(32) angeordnet ist;

eine Gas-Flussigkeit-Separations-KihImit-
telspeicher-Einheit (34);

einen Unterklihlungs-Warmetauscher (36);
und

Umgehungsmittel (40, 62), welche die Gas-
Flussigkeit-Separations-Kihimittelspei-
cher-Einheit (34) und den Unterkiihlungs-
Warmetauscher (36) stromabwarts der Hei-
zeinheit (26) in umgehender Beziehung zu
dem Verflussiger (32) in einem Heizmodus
verbinden,

wobei die Umgehungsmittel (40) eine Umge-
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hungsleitung (42a) umfassen, welche von dem
Warmepumpe-Zirkulationsleitungssystem (18)
abzweigt und mit der Gas-Flissigkeit-Separati-
ons-KihImittelspeicher-Einheit (34) verbunden
ist, wobei die erste Umgehungsleitung (42a) ein
zweites Umgehungs-Ventil (38b) umfasst;
wobei in dem Heizmodus das erste Umge-
hungs-Ventil (38a) geschlossen ist und das
zweite Umgehungs-Ventil (38b) gedffnet ist.

2. Fahrzeug-Klimatisierungssystem nach Anspruch 1,

ferner umfassend:

einen hinteren Verdampfer (30), welcher mit ei-
ner Abzweigungs-Leitung (28) verbunden ist,
welche von dem Warmepumpe-Zirkulationslei-
tungssystem (18) abzweigt, zum Durchfiihren
eines Warmetauschens zwischen dem Kalte-
mittel und einem Heizmedium, welches von in-
nerhalb oder auerhalb des Fahrzeugs (12) er-
halten wird, und welches von einer hoéheren
Temperatur als als Kaltemittel ist.

Fahrzeug-Klimatisierungssystem nach Anspruch 2,
wobei das Heizmedium, welches Warme mit dem
Kaltemittel in dem hinteren Verdampfer (30) tauscht,
Abwarme-Gas aus dem Fahrgastraum (14) umfasst.

Fahrzeug-Klimatisierungssystem nach Anspruch 1,
ferner umfassend ein Expansions-Ventil (22) zum
Vermindern eines Drucks des von dem Verflissiger
(32) gelieferten Kaltemittels.

Fahrzeug-Klimatisierungssystem nach einem der
Anspriiche 1 bis 3, wobei eine Verflissiger-Einheit
(20) den Verflussiger (32), die Gas-Flussigkeit-Se-
parations-Kaltemittelspeicher-Einheit (34) und den
Unterkiihlungs-Warmetauscher (36) umfasst, wel-
che gegenseitig in Reihe stromabwarts des Heize-
lements (26) verbunden sind, und durch welche das
Kéltemittel in einem Kuhimodus flieRt.

Fahrzeug-Klimatisierungssystem nach Anspruch 1,
wobei die Umgehungsmittel (62) eine Druckvermin-
derungs-Vorrichtung (64) umfassen, welche das
Kaltemittel dazu veranlasst, einen Druckverlust zu
erfahren.

Revendications

Systeme de climatisation pour véhicule du type a
pompe a chaleur, comprenant:

un condenseur (32) afin de réaliser un échange
thermique entre un réfrigérant et I'air ambiant,
le condenseur (32) étant connecté a un chemin
de circulation de pompe a chaleur (18) pour faire
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10

circuler le réfrigérant avec un compresseur (16);
un évaporateur (24) qui est connecté au chemin
de circulation de pompe a chaleur (18) afin de
réaliser un échange de chaleur entre le réfrigé-
rant et I'air de conditionnement d’air; et

un dispositif de chauffage (26) qui est connecté
au chemin de circulation de pompe a chaleur
(18) afin de réaliser un échange de chaleur entre
le réfrigérant, qui a été délivré par le compres-
seur (16), et I'air de conditionnement d’air qui
est passé a travers I'évaporateur (24);

le systéme de climatisation pour véhicule étant
caractérisé en ce qu’il comprend en outre:

une premier clapet de dérivation (38a) qui
est disposé en amont du condenseur (32);
une unité de stockage de réfrigérant de sé-
paration gaz - liquide (34);

un échangeur de chaleur de super-refroi-
dissement (36); et

des moyens de dérivation (40, 62) quirelient
'unité de stockage de réfrigérant de sépa-
ration gaz - liquide (34) et I'échangeur de
chaleur de super-refroidissement (36) en
aval du dispositif de chauffage (26) dans
une relation de dérivation vers le conden-
seur (32) dans un mode de chauffage, dans
lequel les moyens de dérivation (40) com-
prennent un chemin de dérivation (42a), qui
se ramifie a partir du chemin de circulation
de pompe a chaleur (18) et qui est connecté
a l'unité de stockage de réfrigérant de sé-
paration gaz -liquide (34), dans lequel le
premier chemin de dérivation (42a) com-
prend un deuxieéme clapet de dérivation
(38b),

dans lequel, dans le mode de chauffage, le pre-
mier clapet de dérivation (38a) est fermé, et le
deuxieme clapet de dérivation (38b) est ouvert.

2. Systeme de climatisation pour véhicule selon la re-

vendication 1, comprenant en outre:

un évaporateur arriére (30) connecté a une ra-
mification (28), qui se ramifie a partir du chemin
de circulation de pompe a chaleur (18), afin
d’exécuter un échange de chaleur entre le réfri-
gérant et un milieu chauffant, qui est obtenu de-
puis l'intérieur ou depuis I'extérieur d’'un véhicu-
le (12), et dont la température est supérieure a
celle du réfrigérant.

Systeme de climatisation pour véhicule selon la re-
vendication 2, dans lequel le milieu chauffant, qui
échange de la chaleur avec le réfrigérant dans I'éva-
porateur arriére (30), comprend un gaz de chaleur
perdue en provenance d’'une cabine (14).
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Systeme de climatisation pour véhicule selon la re-
vendication 1, comprenant en outre une soupape de
détente (22) pour dépressuriser le réfrigérant délivré
par le condenseur (32).

Systeme de climatisation pour véhicule selon 'une
quelconque des revendications 1 a 3, dans lequel
une unité de condenseur (20) comprend le conden-
seur (32), 'unité de stockage de réfrigérant de sé-
paration gaz - liquide (34), et I'échangeur de chaleur
de super-refroidissement (36) qui sont connectés
mutuellement en série en aval du dispositif de chauf-
fage (26), etatravers lesquels le réfrigérant s’écoule
dans un mode de refroidissement.

Systeme de climatisation pour véhicule selon la re-
vendication 1, dans lequel les moyens de dérivation
(62) comprennent un dispositif de perte de pression
(64) pour entrainer le réfrigérant a subir une perte
de pression.
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