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(54) AIR CONDITIONING DEVICE FOR VEHICLE

(57)  Provided is a vehicle air conditioning device with
a simple structure which can quickly raise the tempera-
ture of engine cooling water used for heating the airin a FIG.1
vehicle cabin in an engine start period in a low ambient

temperature. The vehicle air conditioning device com- 4
prises the following elements integrally connected with ,/
each other: a first water heat exchanger (26) provided in
the middle of a passage through which an engine cooling ’/32}9 2 2
water flows from the water jacket of an engine (3) to a 24 24
heater core (8a), a second water heat exchanger (27)
provided in the middle of a passage through which the
engine cooling water flows from the heater core (8a) to al /¢/§;}25
the water jacket of the engine (3), and a first external N }
heat exchanger (18) for refrigerant condensation provid- [ 18
ed between the first and second water heat exchangers »\st
(26, 27). In the engine start period in a low ambient tem- 18b
perature, the engine cooling water flowing from the water 0
jacket to the heater core (8a) is heated by heat released
from the first external heat exchanger (18) to rise in tem- >
perature. '
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Description
Technical Field

[0001] The presentinvention relates to a vehicle air conditioning device for air heating in a vehicle cabin using cooling
water.

Background Art

[0002] In general a vehicle air conditioning device includes an air heating unit using cooling water and an air cooling
unit using a refrigeration cycle.

[0003] A known air heating unit is configured to be able to heat the air in a vehicle cabin by circulating cooling water
in a heater core for air conditioning of vehicle cabin (heat exchanger in vehicle cabin) and blowing the air having passed
through the heater core from the air outlet of the vehicle cabin.

[0004] In heating the air in a vehicle cabin with such a vehicle air conditioning device, it takes a long time for an
occupant to feel comfortably warm because the air blown into the vehicle cabin is low in temperature until the temperature
of the cooling water sufficiently rises.

[0005] In order to resolve this, there is a known vehicle air conditioning device to heat the air in the vehicle cabin with
a heater core by operating an air cooling unit in a low ambient temperature and heating cooling water by use of heat of
high-pressure refrigerant compressed by a compressor of the air cooling unit to supply heated cooling water to the heater
core (refer to Patent Document 1, for example).

[0006] The vehicle air conditioning device disclosed in Patent Document 1 comprises a single air cooling mode and
multiple air heating modes. In one of the air heating modes engine cooling water in a low temperature is heated using
high-pressure refrigerant of the refrigerant cycle as a thermal source while in the other modes air-conditioning air is
heated for heating the air by using a heat exchanger in a cabin to use heat from high-pressure refrigerant as a thermal
source.

[0007] Another way to solve the problem is a heat-pump type air heating in which in a low ambient temperature an
air cooling unit is operated in an engine start period to directly heat the air in the vehicle cabin by heat from the high-
pressure refrigerant compressed by a compressor of this air cooling unit. In the following this heat pump type heating
by this air cooling unit is referred to as heat pump operation of the air cooling unit.

[0008] In the heat pump operation, when compressed by the compressor to generate heat for heating the air in a
vehicle cabin, the high-pressure refrigerant is deprived of heat and condensed to become condensed high pressure
liquid refrigerant. To compress the refrigerant with the compressor again, after the condensed liquid refrigerant is inflated
to low pressure liquid refrigerant, the low-pressure liquid refrigerant needs to be gasified to refrigerant gas by using the
heat exchanger to allow the low pressure liquid refrigerant to absorb heat.

[0009] When the low pressure liquid refrigerant absorbs heat in the heat exchanger, the heat of the air around the
heat exchanger is deprived and the ambient air temperature therearound decreases. In order not to affect the air heating
in the vehicle cabin, the heat exchanger to gasify the low pressure liquid refrigerant has to be the one placed outside
the vehicle cabin Accordingly, in the heat pump operation of the air cooling unit it is necessary to increase the amount
of the air in the vehicle cabin heated by the high pressure refrigerant as the ambient temperature decreases.

Prior Art Document

Patent Document

[0010] Patent Document 1: Japanese Patent Application Publication No. 8-310227

Summary of the Invention

Problems to be Solved by the Invention

[0011] However, the above method for heating the engine water has a problem that the vehicle air conditioning device
has to be larger in structure and weight and include an increased number of parts and components since it requires
multiple heat exchangers, a large number of check valves and electromagnetic valves, and else. This leads to increases
in manufacturing costs. Further, the increase in the number of parts and components causes structural complication of
the vehicle air conditioning device.

[0012] Further, in the above air cooling unit a large amount of refrigerant is accumulated in the condenser outside the
vehicle cabin or the evaporator inside the cabin while the ambient temperature is low. This prevents effective use of the
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refrigerant in the condenser and the evaporator and so that the device cannot exert sufficient heating performance for
heating the vehicle cabin simply by the heat pump operation in a low ambient temperature.

[0013] Inaddition, itis difficult for such an air cooling unit in the heat pump operation to rapidly increase the temperature
of cooling water since the air heating ability thereof is likely to decrease along with a decrease in the ambient temperature.
[0014] In view of the above, the present invention aims to provide a vehicle air conditioning device with a simple
structure which can rapidly raise the temperature of cooling water for heating the air in a vehicle cabin.

Means to Solve the Problem

[0015] Inview of solving the above problem, the present invention recited in claim 1 comprises a refrigerant circulating
passage arrangement for air cooling through which refrigerant is circulated among a compressor, a condenser for
refrigerant condensation outside a vehicle cabin, afirst inflation and depressurization means, an evaporator for air cooling
and liquid refrigerant evaporation inside the vehicle cabin and an accumulator in this order; a cooling water circulating
circuit for air heating configured to circulate cooling water between a heater core; a bypass passage connected in parallel
with the condenser and the evaporator and connected with the compressor via the accumulator; a switching valve
configured to switchably make a refrigerant discharge opening of the compressor communicate with eitherthe condenser
orthe bypass passage; and a heat exchange means for water heating comprising a water heat exchange means disposed
in the middle of a passage to the heater core and a refrigerant heat exchange means disposed in the middle of the
bypass passage to transfer/receive heat to/from the water heat exchange means, wherein the refrigerant heat exchange
means Comprises a heat exchange means for refrigerant condensation provided in series in the middle of the bypass
passage and a second inflation and depressurization means configured to inflate the refrigerant condensed by the heat
exchange means for refrigerant condensation; the water heat exchange means comprises a water heat exchanger
configured to flow cooling water to the heater core; and the heat exchange means for refrigerant condensation is con-
figured to be able to heat the cooling water in the water heat exchanger,

[0016] According to the present invention recited in claim 2, in the vehicle air conditioning device according to claim
1 the heat exchange means comprises first and second heat exchange means for refrigerant condensation provided in
series in the middle of the bypass passage and a third heat exchange means configured to evaporate the refrigerant
inflated by the second inflation and depressurization means by absorbing heat from the refrigerant condensed by the
second heat exchanger.

[0017] According to the present invention recited in claim 3, in the vehicle air conditioning device according to claim
1 the water heat exchanger is provided in the middle of a passage through which the cooling water flows into the heater
core.

[0018] According to the present invention recited in claim 4, in the vehicle air conditioning device according to claim
1 the water heat exchanger is provided in the middle of a passage through which the cooling water flows from the heater
core.

[0019] According to the present invention recited in claim 5, in the vehicle air conditioning device according to one of
claims 1 to 4 the water heat exchange means comprises a first water heat exchanger provided in the middle of the
passage through which cooling water flows into the heater core and a second water heat exchanger provided in the
middle of the passage through which cooling water flows from the heater core; and the first external heat exchanger is
disposed between the first and second water heat exchangers.

[0020] According to the present invention recited in claim 6, in the vehicle air conditioning device according to one of
claims 1105, the second andthird heatexchange means are integrally connected with each otherto be heatexchangeable.
[0021] According to the present invention recited in claim 7, in the vehicle air conditioning device according to claim
1 the heat exchange means comprises first and second heat exchange means for refrigerant condensation provided in
series in the middle of the bypass passage, and a third heat exchange means configured to absorb heat from the
refrigerant condensed by the second heat exchange means to evaporate the refrigerant inflated by the second inflation
and depressurization means; the water heat exchange means comprises a water heat exchanger to flow engine cooling
water which flows between an engine water jacket and the heater core; the first heat exchanger is configured to be able
to heat the engine cooling water in the water heat exchanger; a switching element is provided to switch among a first
flow from the condenser and the first inflation and depressurization means, a second flow from the first to second heat
exchange means, and a third flow from the first heat exchange means to the first inflation and depressurization means.
[0022] According to the present invention recited in claim 8, in the vehicle air conditioning device according to claim
7 the switching element is disposed in the middle of a first passage between the condenser and the first inflation and
depressurization means and a second passage from the first to second heat exchangers.

[0023] According to the present invention recited in claim 9, in the vehicle air conditioning device according to claim
7 or 8 the water heat exchanger is provided in the middle of the passage through which cooling water flows from the
engine water jacket to the heater core.

[0024] According to the present invention recite in claim 10. in the vehicle air conditioning device according to one of
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claims 7 to 9 the third heat exchange means is integrally provided with the second heat exchange means.

[0025] According to the present invention recite in claim 11, in the vehicle air conditioning device according to claim
7 the water heat exchange means comprises a first water heat exchanger provided in the middle of the passage through
which cooling water flows from the water jacket to the heater core and a second water r heat exchanger provided in the
middle of the passage through which cooling water flows from the heater core to the water jacket; the engine cooling
water in the first water heat exchanger is heatable by the first heat exchange means, and the cooling water in the second
heat exchanger is able to heat the refrigerant in the second heat exchange means; a third passage through which a first
passage between the condenser and the first inflation and depressurization means and a second passage from the first
to second heat exchangers communicate with each other is additionally provided; and the switching element includes
afirst switching element disposed between the middle of the first passage and the third passage and a second switching
element disposed between the middle of the second passage and the third passage.

[0026] According to the present invention recited in claim 12, in the vehicle air conditioning device according to claim
1 the heat exchange means comprises a first prior stage heat exchange means for refrigerant condensation provided
in series in the middle of the bypass passage and a first subsequent stage heat exchange means configured to absorb
heat from the refrigerant condensed by the first prior stage heat exchange means to evaporate the refrigerant inflated
by the second inflation and depressurization means; the water heat exchange means comprises a water heat exchanger
to flow engine cooling water between an engine water jacket and the heater core; and the water heat exchanger is
disposed between the first prior stage heat exchange means and the first subsequent stage heat exchange means.
[0027] According to the present invention recited in claim 13, in the vehicle air conditioning device according to claim
12, the water heat exchanger flows the engine cooling water which flows from the water jacket to the heater core, and
is disposed between the first prior stage heat exchange means and the first subsequent stage heat exchange means.
[0028] According to the present invention recited in claim 14, in the vehicle air conditioning device according to claim
12, the water heat exchanger flows the engine cooling water which flows from the heater core to the water jacket, and
is disposed between the first prior stage heat exchange means and the first subsequent stage heat exchange means.
[0029] According to the present invention recited in claim 15, in the vehicle air conditioning device according to claim
1, the heat exchange means comprises a first prior stage heat exchange means for refrigerant condensation provided
in series in the middle of the bypass passage and a first subsequent stage heat exchange means configured to absorb
heat from the reffigerant condensed by the first prior stage heat exchange means to evaporate the refrigerant inflated
by the second inflation and depressurization means; the water heat exchange means comprises a first water heat
exchangerto flow engine cooling water from an engine water jacket to the heater core and a second water heat exchanger
to flow engine cooling water from the heater core to the engine water jacket; and the first prior stage heat exchange
means is disposed between the first and second water heat exchangers and the second water heat exchanger is disposed
between the first prior stage heat exchange means and the first subsequent stage heat exchange means.

The Effects of the Invention

[0030] The vehicle air conditioning device with a simple structure according to the present invention can rapidly
increase the temperature of cooling water for heating the air in a vehicle cabin.

[0031] Moreover, the vehicle air conditioning device with a simple structure can rapidly increase the temperature of
cooling water used for heating the air in a vehicle cabin in an engine start period in a low ambient temperature.

Brief Description of the Drawings
[0032]

FIG. 1 schematically shows a passage arrangement of a vehicle air conditioning device according to a first embod-
iment of the present invention.

FIG. 2 schematically shows the structure of an air conditioning unit disposed in the vehicle cabin in the vehicle air
conditioning device according to the first embodiment.

FIG. 3is a block diagram of a control system of the vehicle air conditioning device according to the first embodiment.
FIG. 4 shows a normal refrigeration cycle of the vehicle air conditioning device.

FIG. 5 shows the refrigeration cycle of the vehicle air conditioning device according to the first embodiment.

FIG. 6 schematically shows a passage arrangement of a first example of the vehicle air conditioning device according
to the first embodiment.

FIG. 7 schematically shows a passage arrangement of a second example of the vehicle air conditioning device
according to the first embodiment.

FIG. 8 schematically shows a passage arrangement of athird example of the vehicle air conditioning device according
to the first embodiment.
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FIG. 9 schematically shows a passage arrangement of a vehicle air conditioning device according to a second
embodiment.

FIG. 10 shows the operation of the vehicle air conditioning device according to the second embodiment.

FIG. 11 shows another operation of the vehicle air conditioning device according to the second embodiment.

FIG. 12 schematically shows a passage arrangement of an example of the vehicle air conditioning device according
to the second embodiment.

FIG. 13 shows the operation of the vehicle air conditioning device in the example in FIG. 12.

FIG. 14 shows another operation of the vehicle air conditioning device in the example in FIG. 12.

FIG. 15 schematically shows a passage arrangement of a vehicle air conditioning device according to a third em-
bodiment.

FIG. 16 schematically shows a passage arrangement of another example of the vehicle air conditioning device
according to the third embodiment.

FIG. 17 schematically shows a passage arrangement of a vehicle air conditioning device according to a fourth
embodiment.

FIG. 18 is an enlarged view of a heat exchange means for heating cooling water of the vehicle air conditioning
device according to the fourth embodiment.

FIG. 19 shows temperature characteristics of the elements of the heat exchange means for heating cooling water
of the vehicle air conditioning device according to the fourth embodiment.

Description of Embodiments

[0033] Hereinafter, embodiments of the presentinvention willbe described in detail with reference tothe accompanying
drawings.

First Embodiment

[0034] FIG. 1 schematically shows the structure of a vehicle air conditioning device according to a first embodiment
of the present invention.

[0035] FIG. 1 shows a vehicle cabin 1 of a vehicle (automobile), a vehicle engine room 2, a water cooled engine 3 in
the engine room 2. The engine 3 is provided with a known water jacket (not shown) for flowing engine cooling water for
cooling the engine.

[0036] Further, an air conditioning unit 5 of a vehicle air conditioning device 4 is disposed in an instrument panel (not
shown) at the front of the vehicle cabin 1.

[0037] As shown in FIG. 2, the air conditioning unit 5 comprises a blower unit 6, a cooler unit 6, and a heater unit 8.
An air passage 5a through which the air from the blower unit 6 flows is formed in the cooler unit 7 and the heater unit 8
of the air conditioning unit 5.

[0038] The blower unit 6 includes a blower (blowing fan) 6a and an intake unit 6b. The intake unit 6b has an outer air
inlet 8b1, an inner air inlet 6b2, an intake door 6¢ for opening and closing the outer and inner air inlet 6b1, 6b2. The
intake door 6¢ is driven (rotated) by a door driver 6¢1 such as a motor to open and close the outer air inlet 6b1 and the
inner air inlet 6b2 or adjust the opening level thereof to be able to adjust a flow intake amount of ambient air outside the
vehicle cabin and inner air inside the vehicle cabin.

[0039] The ambient air from the outer air inlet 6b 1 and the inner air from the inner air inlet 6b2 or mixed air of the
ambient and the inner air from the outer and inner air inlets 6b1, 6b2 are blown out by the blower 6a to the cooler unit 6.
[0040] Thecoolerunit6includesanevaporator (heatexchangerforaircooling) 7ain which cooling refrigerantcirculates.
The intake air from the blower unit 6 can be cooled down by the heat exchange of the evaporator 7a when passing
through a not-shown air path of the evaporator 7a. The air having passed through the evaporator 7a is sent to the heater
unit 8.

[0041] At upstream of the evaporator7a (between the blower 6a and evaporator 7a) an air passage adjusting door 7b
is provided to open and close the lower part of the air passage 5a and driven (rotated) by a driver 7a such as a motor.
[0042] The heater unit 8 includes a heater core (heat exchanger for air heating) 8a in which the engine cooling water
circulates. A bypass passage 8b to bypass the heater core 8a is provided on the side (bottom in FIG. 2) of the heater
core 8a and a mixing door 8c is provided on the front face of the heater core 8a. The mixing door 8¢ is driven (rotated)
by a driver 8c1 as a motor to adjust the opening level of a not-shown air path at upstream of the heater core 8a and
adjust the ratio of amount of air flow into the air path of the heater core 8a and that into the bypass passage 8b.
[0043] A mixing chamber 8d is formed at downstream of the heater core 8a and includes an air outlet 8e in commu-
nication with a defrost grill, a vent grill, and a foot grill in the cabin.

[0044] The vehicle air conditioning device 4 in FIG. 1 comprises a refrigerant circulating passage arrangement 9, and
a cooling water circulating passage arrangement 10 for air heating. The refrigerant circulating passage arrangement 9



20

25

30

35

40

45

50

55

EP 2 383 129 A1

includes a first refrigerant circulating passage arrangement 9a for air cooling refrigeration cycle (air cooling cycle) and
a second refrigerant circulating passage arrangement 9b for refrigeration cycle for heating cooling water (air heating
cycle).

[0045] The first air-cooling refrigerant circulating passage arrangement 9a includes a compressor 11 driven by an
engine, a first cooling refrigerant passage 11a connected at one end with a not-shown refrigerant outlet (refrigerant exit
side) of the compressor 11 and a condenser 12 for refrigerant condensation connected with the other end of the first
air-cooling refrigerant passage 11a and disposed outside the vehicle cabin 1.

[0046] Further, the first air-cooling refrigerant circulating passage arrangement 9a includes a liquid tank 13 connected
at arefrigerant inlet (not shown) with a refrigerant outlet (not shown) of the condenser 12, a second air-cooling refrigerant
passage arrangement 13a connected at one end with a refrigerant outlet (not shown) of the liquid tank 13, a first orifice
(first inflation and depressurization means) 14 connected at a refrigerant inlet (not shown) with the other end of the
second cooling refrigerant passage arrangement 13a, and the above evaporator 7a for air cooling connected with a
refrigerant outlet (not shown) of the first orifice 14.

[0047] The first orifice 14 is configured to sense (detect) the temperature and pressure of the refrigerant discharged
(flowed) from the refrigerant outlet (not shown) of the evaporator 7a, adjust the flow amount of liquid refrigerant into the
refrigerantinlet (not shown) of the evaporator 7a in accordance with a load. That is, the flow amount of the liquid refrigerant
into the refrigerant inlet (not shown) of the evaporator 7a is adjusted so that the refrigerant discharged (flowed) from the
refrigerant outlet (not shown) of the evaporator 7a is in a heated condition (heat level) at a target (predetermined)
temperature and pressure. A known structure is adaptable to this; therefore, a detailed description is omitted.

[0048] Further, the first air-cooling refrigerant circulating passage arrangement 9a comprises a third air-cooling refrig-
erant passage 7al connected at one end with the refrigerant, outlet (not shown) of the evaporator 7a, a first one-way
valve 15 connected at a refrigerant inlet (not shown) with the other end of the third air-cooling refrigerant passage 7af,
a fourth air-cooling refrigerant passage 15a at one end with a refrigerant outlet (not shown) of the first one-way valve
15, and an accumulator 16 for gas-liquid separation.

[0049] The refrigerant discharged from the compressor 11 is circulated through the first air-cooling refrigerant passage
11a, condenser 12, liquid tank 13, second air-cooling refrigerant passage 13a, first orifice 14, evaporator 7a, third air-
cooling refrigerant passage 7afl, first one-way valve 15, fourth air-cooling refrigerant passage 15a, and accumulator 16
in this order, and then returned to the compressor 11 to circulate. Thus, a first refrigeration cycle is repeated.

[0050] Here,the compressor 11 compresses refrigerant gas to generate high-temperature, high-pressure compressed
refrigerant (compressed refrigerant gas). The condenser 12 releases heat from the compressed refrigerant to ambient
air to cool down and condense compressed reffigerant to generate liquid refrigerant. The liquid tank 13 contains the
liquid refrigerant and the first orifice 14 inflates the high-pressure liquid refrigerant from the liquid tank 13 to generate
low pressure liquid refrigerant (condensed refrigerant).

[0051] The liquid refrigerant fromthe first orifice 14 is supplied to the inside of the evaporator 7a and absorbs (deprives)
heat from the air in the air passage 5a. When cooling the air in the air passage 5a, the liquid refrigerant is evaporated
to become refrigerant gas. The refrigerant gas is returned to the compressor 11 via the third air-cooling refrigerant
passage 7al, first one-way valve 15, fourth air-cooling refrigerant passage 15a and accumulator 16.

[0052] The second refrigerant circulating passage arrangement 9b includes the compressor 11, a three-way electro-
magnetic switching valve 17 interposed in the middle of the first cooling refrigerant passage 11a, afirstbypass refrigerant
passage 17a connected at one end with the three-way electromagnetic switching valve 17, and a first external heat
exchanger 18 disposed outside the vehicle cabin 1 and connected at a refrigerant inlet (not shown) with the other end
of the first bypass refrigerant passage 17a. The second refrigerant circulating passage arrangement 9b includes a second
bypass refrigerant passage 18b connected at one end with a refrigerant outlet (not shown) of the first external heat
exchanger 18. a second external heat exchanger 18a disposed outside the vehicle cabin 1 and connected with the other
end of the second bypass refrigerant passage 18b, a second orifice (second inflation and depressurization means) 19
outside the vehicle cabin 1 connected with a refrigerant outlet (not shown) of the second external heat exchanger 18a.
[0053] Further, the second refrigerant circulating passage arrangement 9b includes a third external heat exchanger
20 supplied with refrigerant inflated by the second orifice 19, a third bypass refrigerant passage 20a connected at one
end with a refrigerant outlet (not shown) of the third external heat exchanger 20, a second one-way valve 21 connecting
between the other end of the third bypass refrigerant passage 20a and the middle of the fourth cooling refrigerant passage
15a connected with a refrigerant outlet (not shown) of the first one-way valve 15, and the accumulator 16. The second
and third external heat exchangers 18a, 20 are integrally provided.

[0054] The refrigerant discharged from the compressor 11 is circulated through the three-way electromagnetic switch-
ing valve 17, first bypass refrigerant passage 173, first external heat exchanger 18, second bypass refrigerant passage
18b, second external heat exchanger 18a, second orifice 19, third external heat exchanger 20, third bypass refrigerant
passage 20a, second one-way valve 21, and accumulator 16 in this order, and then returned to the compressor 11 to
circulate. Thus, a second refrigeration cycle is repeated.

[0055] In the present embodiment the refrigerant heat exchange means 23 is comprised of the above first external
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heat exchanger 18, second external heat exchanger 18a, and third external heat exchanger 20. Also, the first to third
bypass refrigerant passages 17a, 18b, 20a constitute a bypass passage connected with the compressor 11 in parallel
with the condenser 12 and evaporator 7a. The refrigerant heat exchange means 23 comprised of the first to third external
heat exchangers 18, 18a, 20 are disposed on the bypass passage.

[0056] In the present embodiment the first external heat exchanger 18 functions as a heat exchanger for refrigerant
condensation (heating cooling water), the second external heat exchanger 18a as a heat exchanger for refrigerant
condensation, and the third external heat exchanger 20 as a heat exchanger for refrigerant evaporation.

[0057] The cooling water circulating passage arrangement 10 for air heating includes a passage in the water jacket
(not shown) of the engine 3 and a cooling water circulating passage 24 through which cooling water discharged from
an outlet (not shown) of the water jacket by a not-shown water pump flows to the heater core 8a and then returns to the
passage in the water jacket of the engine 3.

[0058] The cooling water circulating passage 24 includes a first cooling water passage 24a connecting (making com-
municate) the cooling water outlet (not shown) of the water jacket of the engine 3 and the cooling water inlet (not shown)
of the heater core 8a as well as a second cooling water passage 24b connecting (making communicate) a first cooling
water outlet (not shown) connected with the cooling water inlet (not shown) of the heater core 8a and the cooling water
inlet (not shown) of the water jacket of the engine 3. Further, the water heat exchange unit 25 is disposed in the middle
of the cooling water circulating passage 24,

[0059] The water heat exchange unit 25 includes a first water heat exchanger 26 provided in the middle of the first
cooling water passage 24a and a second water heat exchanger 27 provided in the middle of the second cooling whaler
passage 24b. A part of the first cooling water passage 24a is formed in the first water heat exchanger 26 while a part of
the second cooling water passage 24b is formed in the second water heat exchanger 27.

[0060] The first external heat exchanger 18 is disposed between the first and second water heat exchangers 26, 27,
andthe first and second water heat exchangers 26, 27 and first external heat exchanger 18 constitute the heat exchange
means 28 for heating cooling water.

[0061] Thus, the first water heat exchanger 26 is integrally provided with the first external heat exchanger 18 for
refrigerant to be able to transfer heat therebetween. By this heat transfer, the engine cooling whaler in the first water
heat exchanger 26 is heated by the heat from the high-temperature, high-pressure compressed refrigerant supplied to
the first external heat exchanger 18 from the compressor 11. The gaseous high-pressure refrigerant is heated, deprived
of heat and condensed in the first external heat exchanger 18, to become liquid refrigerant.

[0062] Also, the second water heat exchanger 27 is integrally provided with the first external heat exchanger 18 to be
able to transfer heat therebetween. By this heat transfer, the liquid refrigerant from the first external heat exchanger 18
heats the engine cooling water flowing from the heater core 8a to the water jacket of the engine 3.

[0063] The operation of the blower 6a (FIG. 2), compressor 11, three-way electromagnetic switching valve 17 and the
like of the above air conditioning unit 5 are controlled by a control signal from the control unit (control means) 29 in FIG. 3.
[0064] Further, a water temperature sensor 30 (FIG. 3) is provided in the middle of the first cooling water passage
24ato detectthe temperature of the cooling water and output a detection signal as a watertemperature signal (temperature
signal). The detection signal from the water temperature sensor 30 is input to the control unit 29. As shown in FIG. 3,
the control unit 29 receives operation signals (ON/OFF signals) from an air cooling switch 31 and an air heating switch 32.
[0065] The water temperature sensor 30 is provided in at least one of the water jacket of the engine and the cooling
water circulating passage 24 and the detection signals are input to the control unit 29 via a sighal communication system.
The operation signals (ON/OFF signals) from the air heating switch 32 are input to the control unit 29 automatically or
manually by an occupant.

[0066] Next, the operation of the above vehicle air conditioning device 4 according to the present embodiment is
described.

(Normal Air cooling Operation)

[0067] Upon receiving an ON signal from the air cooling switch 31 after the engine 3 starts, the control unit 29 starts
controlling normal air cooling operation.

[0068] The control unit 29 controls the operation of the three-way electromagnetic switching valve 17 to shut off the
communication between the refrigerant outlet (not shown) of the compressor 11 and the first bypass refrigerant passage
17a and to make the refrigerant outlet (not shown) of the compressor 11 and the refrigerant inlet (not shown) of the
condenser 12 communicate with each other.

[0069] Thereafter, the control unit 29 controls the operation of a door driver 8c1 of the heater unit 8 to close the
upstream of an air path (not shown) of the heater core 8a with a mixing door 8¢, and controls the operation of a door
driver 6¢1 of the intake unit 6b to close the outer air inlet 6b1 of the intake unit 6b and open the inner air inlet 6b2.
[0070] Along with this, the control unit 29 operates the blower 6a to absorb the air in the vehicle cabin 1 via the inner
air inlet 6b2. The absorbed air is flowed through the air passage 5a and a not-shown air path of the evaporator 7a and
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blown in the vehicle cabin 1 from the air outlet 8e via the bypass passage 8b and mixing chamber 8d of the heater unit 8.
[0071] Further, the control unit 29 controls the compressor 11 to start compressing gaseous refrigerant (refrigerant
gas) and discharge high temperature, high pressure compressed refrigerant to the first air-cooling refrigerant passage
11a. The compressed refrigerant is supplied to the condenser 12 via the three-way electromagnetic switching valve 17,
and cooled and condensed thereby to become liquid refrigerant. After accumulated in the liquid tank 13, the liquid
reffigerant is supplied to the first orifice 14 viathe second air-cooling refrigerant passage 13a and inflated (depressurized).
[0072] The depressurized liquid refrigerant is supplied to the evaporator 7a in the vehicle cabin 1 and blown from the
blower 6a to absorb heat from the air of the vehicle cabin 1 flowing in a not-shown air path of the evaporator 7a and
reduces the temperature of the air. The air in the lower temperature is blown from the air outlet 8e in the vehicle cabin
1 to cool the air in the vehicle cabin 1.

[0073] Here, the liquid refrigerant from the first orifice 14 is evaporated by the heat absorption to become gaseous.
This refrigerant (refrigerant gas) is returned to the compressor 11 to circulate via the third air-cooling passage 7af, first
one-way valve 15, fourth air-cooling refrigerant passage 15a and accumulator 16, and compressed by the compressor 11.

(Air Heating Operation in Low Ambient Temperature)

[0074] At start of the engine 3 by turning on a not-shown ignition switch of the vehicle, the water temperature sensor
30 detects the temperature of the engine cooling water of the water jacket of the engine 3 and outputs a temperature
detection signal to the control unit 29.

[0075] Then, the air heating switch 32 is turned on and an ON signal is input to the control unit 29 as an instruction
for air heating of the vehicle air conditioning device 4. The control unit 29 determines from the temperature detection
signal of the water temperature sensor 30 whether or not the temperature of the engine cooling water has reached a
required temperature (predetermined temperature) for heating the air in the vehicle cabin 1 from t.

[0076] In the engine starting period in a low ambient temperature in winter or else, determining that the temperature
of the engine cooling water has reached a required temperature (predetermined temperature) for heating the air in the
vehicle cabin 1, the control unit 29 controls the operation of the three-way electromagnetic switching valve 17.

[0077] The control unit 29 controls the three-way electromagnetic switching valve 17 to shut off the refrigerant outlet
(not shown) of the compressor 11 and the refrigerant inlet (not shown) of the condenser 12 and make the refrigerant
outlet (not shown) of the compressor 11 communicate with the first bypass refrigerant passage 17a of the bypass
passage. In this manner, even with the compressor 11 in operation, the refrigerant is prevented from flowing through
the condenser 12, liquid tank 13, first orifice 14, evaporator 7a and else,

[0078] Then, the control unit 29 controls the door driver 8c1 of the heater unit 8 to open the upstream of the air path
(not shown) of the heater core 8a with the mixing door 8c and controls the door driver 6¢1 of the intake unit 6b to close
the outer air inlet 6b1 of the intake unit 6b and open the inner air inlet 6b2.

[0079] Next, the control unit 29 operates the blower 6a to absorb the air in vehicle cabin 1 from the inner air inlet 6b2.
The absorbed air flows into the air passage 5a and the not-shown air path of the evaporator 7a and is blown out in the
vehicle cabin 1 from the air outlet 8e via the air path of the heater unit 8 (not shown) and the mixing chamber 8d. Even
with the compressor 11 in operation, the refrigerant is prevented from supplied to the evaporator 7a as described above,
so that the air from the blower 6a passing through the air path (not shown) of the evaporator 7a cannot be cooled by
the evaporator 7a.

[0080] The control unit 29 then operates the compressor 11 to compress the refrigerant gas and discharge high-
temperature, high-pressure compressed refrigerant to the first air-cooling refrigerant passage 11a. The compressed
refrigerant flows through the three-way electromagnetic switching valve 17, first bypass refrigerant passage 17a, first
external heat exchanger 18, second bypass refrigerant passage 18b, second external heat exchanger 18a, second
orifice 19, third external heat exchanger 20, third bypass refrigerant passage 20a, second one-way valve 21, and accu-
mulator 16 in this order, and is returned to the compressor 11 to circulate.

[0081] Here, the compressed refrigerant is heat-released and condensed in the first external heat exchanger 18 to
become high-temperature, high-pressure liquid refrigerant, which is flowed through the second external heat exchanger
18a of the refrigerant heat exchanger 23, second orifice 19, and third external heat exchanger 20 in this order and flowed
out to the third bypass refrigerant passage 20a.

[0082] The heat of the liquid refrigerant flowing into the second external heat exchanger 18a is absorbed into the
refrigerant in the third external heat exchanger 20. The absorbed liquid refrigerant is supplied to the second orifice 19
from the second external heat exchanger 18a.

[0083] The liquid refrigerant is inflated and depressutrized by the second orifice 19 and flowed into the third external
heat exchanger 20 and evaporated therein. The evaporated refrigerant is evaporated in the third external heat exchanger
20, absorbing heat from the second external heat exchanger 18a to become refrigerant gas, as described above, The
refrigerant gas evaporated is returned to the compressor 11 via the third bypass refrigerant passage 20a, first one-way
valve 15, and accumulator 16.
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[0084] The engine cooling water from the water jacket of the engine 3 is flowed into the heater core 8a via the first
water heat exchanger 26 and returned to the water jacket of the engine 3 via the second water heat exchanger 27 to
circulate.

[0085] Alongwiththis, heat fromthe compressed refrigerant flowing inthe first external heat exchanger 18 is transferred
between the first external heat exchanger 18 and the first water heat exchanger 26 to heat the engine cooling water
flowing in the first water heat exchanger 26 to the heater core 8a. Also, the heat therefrom is transferred between the
first external heat exchanger 18 and the second water heat exchanger 27 to heat the engine cooling water in the second
water heat exchanger 27 flowing from the heater core 8a to the water jacket of the engine 3.

[0086] The engine cooling water heated in the first external heat exchanger 18 and the first water heat exchanger 26
is supplied to the heater core 8a and heats the air flowing through the air path (not shown) of the heater core 8a. The
heated air is blown out in the vehicle cabin 1 from the air outlet 8e to warm there.

[0087] Through the above operation, an ideal refrigeration cycle is formed by releasing condensation heat by the
high-pressure gaseous refrigerant from the compressor 11 into the engine cooling water in the first external heat ex-
changer 18 and negating it with evaporated heat of the low-pressure refrigerant in the refrigerant heat exchange means
23 to generate a difference in the pressure level. That is, the amount of heat corresponding to only the power of the
compressor 11 is released into the engine cooling water.

[0088] As described above, the vehicle air conditioning device 4 according to the first embodiment comprises the
refrigerant circulating passage arrangement 9 for air cooling to circulate refrigerant through the compressor 11 driven
by the engine, condenser 12 for refrigerant condensation outside the vehicle cabin 1, first orifice 14 and evaporator 7a
for air cooling in the vehicle cabin and evaporating liquid refrigerant as well as the cooling water circulating passage
arrangement 10 for air heating to circulate the engine cooling water between the water jacket of the engine 3 and the
heater core in the vehicle cabin 1.

[0089] Further, the vehicle air conditioning device 4 includes the bypass passage connected with the compressor 11
in parallel with the condenser 12 and evaporator 7a and the three-way electromagnetic switching valve 17 to switchably
make the refrigerant discharge opening of the compressor 11 communicate with either of the condenser 12 and the
bypass passage.

[0090] Further, the vehicle air conditioning device 4 comprises the heat exchange means 28 for heating cooling water
which includes the water heat exchange unit 25 interposed in the middle of the passage between the water jacket of the
engine 3 and the heater core 8a, and the first external heat exchanger 18 provided in the middle of the bypass passage
to transfer/receive heat to/from the water heat exchange unit 25.

[0091] Further, the vehicle air conditioning device 4 includes the control unit 29 configured to operate the compressor
11 of the first air-cooling refrigerant circulating passage arrangement 9a and control the three-way electromagnetic
switching valve 17 when the temperature of the engine cooling water is a predetermined value or less at the engine
start, to make the refrigerant discharge opening of the compressor 11 communicate with the bypass passage.

[0092] Further, the refrigerant heat exchange unit 23 comprises the first and second external heat exchangers 18,
18a provided in series in the middle of the bypass passage, the second orifice 19 to inflate the refrigerant condensed
by the first and second external heat exchangers 18, 18a, and the third external heat exchanger 20 to evaporate liquid
reffigerant inflated by the second orifice 19 by absorbing heat therefrom.

[0093] Further, the water heat exchange unit 25 comprises either or both of the first water heat exchanger 26 and the
second water heat exchanger 27 to flow the engine cooling water between the water jacket of the engine 3 and the
heater core 8a, The first external heat exchanger 18 is configured to be able to heat the engine cooling water in the
water heat exchange unit 25 (either or both of the first and second water heat exchangers 26, 27). The second and third
external heat exchangers 18a, 20 are integrally superimposed on each other to be heat exchangeable.

[0094] With such a configuration, it is possible to rapidly increase the temperature of the engine cooling water used
for heating the air in the vehicle cabin in an engine start period in a low ambient temperature. Specifically, the temperature
of the engine cooling water can be rapidly increased in an engine start period in a low ambient temperature by heating
with the heat released from the second external heat exchanger 18a for refrigerant.

[0095] Thus, such a simple structure using the refrigeration cycle has a means to solve the problem with the heat
pump operation (unable to absorb heat from the ambient air during a low ambient temperature, causing a delay in the
cycle rising). Specifically, it is possible to use the high-pressure, high-temperature refrigerant as a high-temperature
heat source by absorbing heat from its own heat and enlarging a difference in the high and low pressures of refrigerant
in the refrigeration cycle at an early point. Moreover, by combining with cooling water heating, the cooling water for the
engine, for example, can heat the engine itself, making it possible to greatly shorten the engine warm-up time and greatly
reduce the fuel amount largely consumed for the warming-up. Using the cooling water for air heating in the airconditioning
of the vehicle cabin, a secondary effect that quick warming-up performance is attainable can be expected.

[0096] Furthermore, in the vehicle air conditioning device 4 according to the first embodiment the first water heat
exchanger 26 is provided in the middle of the passage through which the engine cooling water is flowed from the water
jacket of the engine 3 to the heater core 8a.
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[0097] Thereby, it is possible to rapidly increase the temperature of the engine cooling water flowing from the water
jacket of the engine 3 to the heater core 8a to heat the air in the vehicle cabin in an engine start period in a low ambient
temperature. Specifically, the temperature of the engine cooling water flowing from the water jacket of the engine 3 to
the heater core 8a can be rapidly increased by heating with the heat released from the first external heat exchanger 18
for refrigerant.

[0098] Moreover, in the vehicle air conditioning device 4 according to the first embodiment the second water heat
exchanger 27 is provided in the middle of the passage through which the engine cooling water is flowed from the heater
core 8a to the water jacket of the engine 3.

[0099] Thereby, it is possible to rapidly increase the temperature of the engine cooling water returning to the water
jacket of the engine 3 from the heater core 8a to heat the air in the vehicle cabin in the engine start period in a low
ambient temperature. Specifically, the temperature of the engine cooling water returning to the water jacket of the engine
3fromthe heater core 8a can be rapidly increased by heating with the heat released from the first external heat exchanger
18 for refrigerant.

[0100] Further, the vehicle air conditioning device 4 according to the first embodiment comprises the first water heat
exchanger 26 provided in the middle of the passage through which the engine cooling water is flowed from the water
jacket of the engine 3 to the heater core 8a, the second water heat exchanger 27 provided in the middle of the passage
through which the engine cooling water is flowed from the heater core 8a to the water jacket of the engine 3, and the
first external heat exchanger 18 disposed between the first and second water heat exchangers 26,27.

[0101] Thereby, it is possible to rapidly increase the temperature of the engine cooling water flowing from the water
jacket of the engine 3 to the heater core 8a to heat the air in the vehicle cabin in the engine start period in a low ambient
temperature. Specifically, the temperature of the engine cooling water flowing from the water jacket of the engine 3 to
the heater core 8a can be rapidly increased by heating with the heat released from the first external heat exchanger 18
for refrigerant.

[0102] Also, itis possible to rapidly increase the temperature of the engine cooling water returning to the water jacket
of the engine 3 from the heater core 8a to heat the air in the vehicle cabin in the engine start period in a low ambient
temperature. Specifically, the temperature of the engine cooling water returning to the water jacket of the engine 3 from
the heater core 8a can be rapidly increased by heating with the heat released from the first external heat exchanger 18
for refrigerant. This makes it possible to prevent trouble in the engine warm-up operation even with a decrease in the
temperature of the engine cooling water for heating the air in the vehicle cabin, since the engine cooling water is heated
by the first external heat exchanger 18 while returning to the water jacket of the engine 3.

[0103] Moreover, inthe vehicle air conditioning device 4 according to the first embodimentthe second and third external
heat exchangers 18a, 20 are integrally connected to each other to be heat-exchangeable.

[0104] With such a configuration, heat of the liquid refrigerant flowing into the second external heat exchanger 18a is
absorbed by the refrigerant in the third external heat exchanger 20 and evaporated to become refrigerant gas. Then,
the refrigerant gas is returned to the compressor 11 via the accumulator 16. Thereby, it is made possible to smoothly
circulate the refrigerant for heating the air in the vehicle cabin using the engine cooling water in the engine start period
in a low ambient temperature. As a result, it is possible to rapidly increase the temperature of the cooling water by heating
with the heat released from the second external heat exchanger 18a for refrigerant.

[0105] Further, inthe vehicle air conditioning device 4 according to the first embodiment the second and third external
heat exchangers 18a, 20 are provided with a partition to separate high pressure refrigerant and low pressure refrigerant
to directly exchange heat so that the heat exchange amounts on the high and low pressure sides are equal. Moreover,
an ideal refrigeration cycle is formed by releasing condensation heat by the high-pressure gaseous refrigerant discharged
from the compressor 11 into the engine cooling water in the first external heat exchanger 18 and negating it with
evaporated heat of the low-pressure reffigerant in the second external heat exchanger 18a to generate a difference in
the pressure level. That is, the amount of heat corresponding to only the power of the compressor 11 is released from
the first external heat exchanger 18.

[0106] Further, owing to the integration of the first and second water heat exchanger 26, 27 and the first external heat
exchanger 18, it is possible to downsize the heat exchange means 28 for heating cooling water comprising the first and
second water heat exchangers 26, 27 and first external heat exchanger 18 and reduce the space in which the heat
exchange means 28 for heating cooling water is disposed.

[0107] Furthermore, in the vehicle air conditioning device 4 according to the first embodiment the accumulator 16 is
disposed at downstream of the first and second one-way valves 15, 21 in order to secure a necessary amount of
reftigerant for heating the air.

[0108] Thatis, in a low ambient temperature the refrigerant is accumulated in the condenser 12 and the evaporator
7a (due to refrigerant movement caused by no usage over a long time and low ambient temperature). The accumulation
of necessary refrigerant in the air cooling line (condenser 12 and evaporator 7a) prevents the air heating operation from
producing sufficient air heating effects. In view of this, it can be configured that the device is set in a refrigerant retrieval
mode at initial startup so that the amount of refrigerant necessary for heating the air can be secured in the accumulator 16.
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[0109] Herein, the reffigerant retrieval mode refers to a mode for a normal air cooling cycle operation in which the
refrigerant accumulated in the air cooling line as the condenser 12 and the evaporator 7a is transferred by the air cooling
cycle operation and retrieved into the accumulator 16. Although the normal air cooling cycle includes a liquid tank and
an expansion valve system and does not intrinsically need the accumulator considering a pressure loss, the vehicle air
conditioning device according to the first embodiment intentionally includes the accumulator 16 at this position.

[0110] Next, the position of the accumulator 16 is described in detail.

[0111] The refrigerant circulating system of the vehicle air conditioning device is configured to compress the refrigerant
gas with the compressor, supply it to an outside heat exchanger (high-pressure heat exchanger), cool down and liquefy
the supplied refrigerant by blowing ambient air to the outside heat exchanger with an outside blower fan in the refrigeration
cycle at air cooling. In addition, it is configured to supply the liquefied refrigerant to an inside heat exchanger (low-
pressure heat exchanger) via an expansion valve and supply the air in the vehicle cabin thereto with an inside blower
fan. Thus, the air in the vehicle cabin can be cooled by the inside heat exchanger.

[0112] FIG. 4 shows a difference in the high and low pressures of the refrigeration cycle during such normal air cooling.
[0113] Meanwhile, a vehicle such as an automobile is configured to cool the engine using coolant (engine cooling
water) during engine operation. The coolant is supplied to a heater core of an air conditioner in the vehicle cabin to heat
the air in the vehicle cabin for the purpose of supplementing the air heating performance in winter. Also, in addition to
such an air heating unit using the coolant, there is an air heating unit for an automobile using the refrigerant circulating
system of the vehicle air conditioning device to perform heat pump operation.

[0114] The refrigeration cycle of the air heating unit additionally having the heat pump operation uses as a heat source
the refrigerant of the refrigerant circulating system used for the air cooling of the vehicle air conditioning device so that
the low-pressure, low-temperature refrigerant is left unused in the inside heat exchanger. Because of this, the air in the
vehicle cabin is cooled by operation of the blower fan in the air heating unit additionally having the heat pump operation.
In order to prevent this, the inside blower fan is set to operate in low speed in the refrigeration cycle during the air heating.
[0115] Moreover, in the vehicle air conditioning device the outside blower fan is caused to stop in the refrigeration
cycle during the air heating since the amount of heat for air heating decreases by releasing heat from the high-pressure,
high-temperature refrigerant remaining in the outside heat exchanger into ambient air.

[0116] In the refrigeration cycle during the air heating, there is almost no heat exchange between the high-pressure
and low pressure heat exchangers. FIG. 5 shows a difference in the high and low pressures of the refrigeration cycle
during such air heating.

[0117] Incomparing the difference in the high and low pressures of the refrigeration cycle during the normal air cooling
in FIG. 4 and the same during the air heating in FIG. 5, the difference during the air heating is largely smaller than that
during the air cooling so that the operation power of the compressor in the refrigeration cycle during the air heating is
reduced.

[0118] In FIGs. 4, 5 the abscissa axis shows the amount of heat per unit mass. Using entropy in FIGs. 4, 5, an actual
heat exchange amount of the heat exchanger is calculated by the following equation:

Heat exchange amount of heat exchanger = entropy x mass flow

[0119] In the air cooling system having such refrigeration cycle, since a large amount of refrigerant is left unused in
the outside and inside heat exchangers having a large inner volume, the power of the compressor is reduced and the
pressure and temperature on the high pressure side remain low. Thus, it is difficult to use as a high-temperature heat
source the refrigerant circulating system of the vehicle air conditioning device simply configured to stop the blower fan
in the refrigeration cycle (heat pump operation) during the air heating.

[0120] Further, the refrigerant circulating system of the vehicle air conditioning device generally uses, as a heat source
for the air heating, the high-pressure, high-temperature refrigerant releasing heat to ambient air in the refrigeration cycle
(cooling cycle). Therefore, when the refrigeration cycle starts operating at the engine start, the reffigerant as a high-
temperature heat source heats the vehicle cabin and the air-conditioning air passes through the hear core in the inner
air circulation to slightly warm the engine cooling water.

[0121] However, this system works such that the low-pressure refrigerant in the refrigeration cycle is heated by the
air-conditioning air with the evaporator while the air-conditioning air is heated by the high-pressure refrigerant. As a
result, as shown in a change from FIG. 5 to FIG. 4, the pressure increases on the high-pressure side and decreases on
the low-pressure side so that it takes a long time for the operation power of the compressor to increase.

[0122] Note that it was found by experiment that it took five or more minutes to generate a difference in pressure by
0.5 MPa at the ambient air being at 0 degree and it was not sufficient to quickly heat the air.

[0123] There is another way to prevent a performance decrease in a low ambient temperature that a sub condenser
is placed in the vehicle cabin in a position to be able to receive heat from the heater core. However, the addition of the
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sub condenser increases the size of the air-conditioner unit. And, when the refrigerant in the sub condenser has reached
the degree of supercooling or superheat, the temperature of the air passing through the condenser is varied, making it
difficult to control the blown air temperature to be constant.

[0124] In addition, in the heat pump operation of the refrigerant circulating system of the vehicle air conditioning device
as described above, the low-pressure condensed refrigerant in the outside and inside heat exchangers absorbs heat
from the air. Therefore, depending on the ambient air temperature or indoor temperature (in other words, evaporation
temperature of the low-pressure condensed refrigerant), water in the air causes condensation or frost on the heat
exchangers and inhibits the heat exchangers from properly functioning, which is a problem necessary to be dealt with.
[0125] Accordingly, it is a good way to dispose the accumulator 16 at downstream of the first and second one-way
valves 15, 21 for the countermeasure against these problems, as described above. Such a simple structure using the
refrigeration cycle includes the means to solve the problem (unable to absorb heat from the ambient air during a low
ambient temperature, causing a delay in the cycle rising). Specifically, it is possible to use the high-pressure, high-
temperature refrigerant as a high-temperature heat source by absorbing heat from the device itself and enlarging a
difference in the high and low pressures of refrigerant in the refrigeration cycle at an early point.

[0126] Moreover, by combining with the cooling water heating, the cooling water for the engine, for example, can warm
the engine itself, making it possible to greatly shorten the engine warm-up time and greatly reduce the fuel amount
largely consumed for the warming-up. Using the cooling water for heating the air in air conditioning of the vehicle cabin,
a secondary effect that quick warming-up performance is attainable can be expected.

(First Example of First Embodiment)

[0127] The above first embodiment has described an example where the first and second water heat exchangers 26,
27 to flow the engine cooling water supplied from to the water jacket of the engine 3 to the heater core 8a and to return
the engine cooling water from the heater core 8a to the water jacket of the engine 3, respectively, are provided and the
second external heat exchanger 18a for refrigerant condensation is disposed between the first and second water heat
exchangers 26, 27. However, the present invention should not be limited to such an example.

[0128] For example, the second water heat exchanger 27 in FIG. 1 is omissible and instead, the first external heat
exchanger 18 can be configured to heat the engine cooling water in the water heat exchanger 26a as shown in FIG. 6.
In this case the water heat exchanger 26a and the first external heat exchanger 18 constitute the heat exchange means
28a for heating the cooling water.

(Second Example of First Embodiment)

[0129] Further, the first water heat exchanger 26 in FIG. 1 is omissible and instead, the first external heat exchanger
18 can be configured to heat the engine cooling water in the water heat exchanger 27a as shown in FIG. 7. In this case
the water heat exchanger 27a and the first external heat exchanger 18 constitute the heat exchange means 28b for
heating the cooling water.

(Third Example of First embodiment)

[0130] Inthe above first embodiment the accumulator 16 is configured to be disposed at downstream of the first and
second one-way valves 15, 21. However, the present invention should not be limited to such a configuration.

[0131] Forexample, as shownin FIG. 8 a second cooling refrigerant passage 13a branchingto downstream (discharge
side) of the liquid tank 13 of the condenser 12 and a refrigerant retrieval passage 100 can be additionally provided so
that the refrigerant retrieval passage 100 is connected with the fourth air-cooling refrigerant passage 15a at upstream
of the accumulator 16. An electromagnetic valve 101 is provided in the middle of the refrigerant retrieval passage 100.
The rest of the structure is the same as that in the first example of the first embodiment in FIG. 6.

[0132] In FIG. 8 the refrigerant retrieval passage 100 is connected with the fourth air-cooling refrigerant passage 15a.
However, it can be connected at any position as long as it is on the air heating cycle passage (to flow the refrigerant in
the air heating) between the upstream of the accumulator 16 and the downstream of the accumulator16, for example,
on the passage between the second orifice 19 and the third external heat exchanger 20, the third bypass refrigerant
passage 20a and else.

[0133] Then, in the refrigerant retrieval mode the three-way electromagnetic switching valve 17 makes the air cooling
refrigerant passage 11 a and the condenser 12 communicate with each other, shuts off the communication between air
cooling refrigerant passage 11a and the first bypass refrigerant passage 17a, and opens the electromagnetic valve 101
to operate the compressor 11. Thereby, the refrigerant remnant in the condenser 12 is absorbed and retrieved in the
accumulator 16.

[0134] Such a structure can also deal with the deterioration in the heat exchange function of the heat exchangers
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described above.

[0135] The above first embodiment has described an example of a three-way valve using electromagnetic force as
the three-way electromagnetic switching valve 17. However, the present invention should not be limited to such an
example. It can be a three-way valve configured to be openable/closable using a pressure difference for example.
Further, the compressor 11 uses the engine as a drive source. It can have a structure to be able to vary the discharge
capacity by an external signal, vary the discharge capacity to achieve absorption pressure set by an internal control, or
have a fixed discharge capacity. Also, the compressor 11 can be an electric compressor whose rotation rate is variably
controllable.

[0136] The above first embodiment has described an example where a cooling subject is the engine of an engine
driven Vehicle. However, the subject can be a driving motor, an inverter, a secondary battery or a fuel battery of a vehicle
(electric vehicle) such as a hybrid vehicle or an electric automobile, for example.

[0137] In the vehicle (electric vehicle) such as a hybrid vehicle or an electric automobile, the cooling water is motor
cooling water in the water jacket of a housing of an electric motor for driving a vehicle for cooling the motor. Also, in the
electric vehicle the cooling water can be cooling water for a heat generator such as a power supply source (secondary
battery) for supplying power to the electric motor, in addition to the motor cooling water.

[0138] Accordingly, in the vehicle (electric vehicle) such as a hybrid vehicle or an electric automobile, it is possible to
rapidly increase the temperature of the motor cooling water used for heating the air in the vehicle cabin when the motor
for driving the vehicle starts operating in a low ambient temperature, as in the above embodiment.

(Second Embodiment)

[0139] FIG. 9 schematically shows the structure of a vehicle air conditioning device according to a second embodiment
of the present invention. Note that the same reference numbers are given to the same or like parts as those of the vehicle
air conditioning device according to the firstembodimentin FIG. 1. A description on an overlapping portion will be omitted.
[0140] A vehicle air conditioning device 4a in FIG. 9 according to the present embodiment also includes the refrigerant
circulating passage arrangement 9 and the cooling water circulating passage arrangement 10. The refrigerant circulating
passage arrangement. 9 includes the refrigerant circulating passage arrangement 9a to perform the refrigeration cycle
for cooling the air and the second refrigerant circulating passage arrangement 9b to perform the refrigeration cycle for
heating cooling water (heating cycle for air heating). The first cooling refrigerant circulating passage arrangement 9a is
structured the same as that in the first embodiment.

[0141] The second refrigerant circulating passage arrangement 9b includes the compressor 11, three-way electro-
magnetic switching valve 17 connected with the first cooling refrigerant passage 11 a, a bypass refrigerant passage Bp
connected with a refrigerant inlet (not shown) of the compressor 11 in parallel with the first external heat exchanger 12
and the evaporator 7a, and the refrigerant heat exchange means 23 disposed in the middle of the bypass refrigerant
passage Bp. Note thatinthe present embodimentthe heat exchange means 28a for heatingthe coolingwateris comprised
of the water heat exchanger 26a and the first external heat exchanger 18.

[0142] The refrigerant heat exchange means 23 is comprised of the first to third external heat exchangers 18, 18a,
20. In the present embodiment the first external heat exchanger 18 functions as a heat exchanger for refrigerant con-
densation (heating cooling water), the second external heat exchanger 18a as a heat exchanger for refrigerant conden-
sation, and the third external heat exchanger 20 as a heat exchanger for refrigerant evaporation.

[0143] The refrigerant heat exchange means 23 comprises the second external heat exchanger 18a to release heat
from the high-pressure liquid refrigerant condensed by the first external heat exchanger 18 to generate low-pressure
liquid refrigerant, the second orifice 19 outside the vehicle cabin 1 to turn the high-temperature, high-pressure liquid
refrigerant discharged (flowed) from the second external heat exchanger 18a to low-pressure liquid refrigerant, and the
third external heat exchanger 20 for refrigerant evaporation to evaporate the low-pressure liquid refrigerant inflated by
the second orifice 19.

[0144] The second and third external heat exchangers 18a are integrally provided so that the low-pressure liquid
refrigerant flowing into the third external heat exchanger 20 from the second orifice 19 is heated and evaporated by the
heat of the high-pressure liquid refrigerant in the second external heat exchanger 18a.

[0145] The bypass refrigerant passage Bp includes a first bypass refrigerant passage 17a connecting the three-way
electromagnetic switching valve 17 and a refrigerant inlet (not shown) of the first external heat exchanger 18 and a
second bypass refrigerant passage 18b to make (connect) a refrigerant outlet (not shown) of the first external heat
exchanger 18 and arefrigerantinlet (not shown) of the second external heat exchanger 18a communicate with each other.
[0146] The second bypass refrigerant passage 18b includes a second bypass upstream reftigerant passage 18b1
connected at one end with the refrigerant outlet (not shown) of the first external heat exchanger 18 and a second bypass
downstream refrigerant passage 18b2 connected at one end with the refrigerant inlet (not shown) of the second external
heat exchanger 18a. Further, the bypass refrigerant passage Bp includes a third bypass reffigerant passage 20a con-
nected at one end with the refrigerant outlet (not shown) of the third external heat exchanger 20.
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[0147] As described above, the fourth air-cooling refrigerant passage 15a is connected at one end with the refrigerant
outlet (not shown) of the first one-way valve 15, and the other end of the third bypass refrigerant passage 20a is connected
to the middle of the fourth air-cooling refrigerant passage 15a. The refrigerant outlet (not shown) of the second one-way
valve 21 is connected to a middle of the fourth air-cooling refrigerant passage 15a which is connected at the other end
with the refrigerant inlet (not shown) of the compressor 11 via the accumulator 16.

[0148] Additionally, in the refrigerant circulating passage arrangement 9 for air cooling, a four-way electromagnetic
switching valve 40 is interposed between the second upstream and downstream air cooling refrigerant passages 13a1,
13a2 and between the second bypass upstream and downstream refrigerant passages 18b1, 18b2.

[0149] Herein, there are three refrigerant flows, that is, a first flow (first refrigerant flow) of liquid refrigerant through a
first refrigerant passage f1 (FIG. 9) from the first external heat exchanger 12 into the first orifice 14 via the air cooling
refrigerant passage 13a(second upstream and downstream air cooling refrigerant passages 13a1, 13a2) of the refrigerant
circulating passage arrangement 9, a second flow (second refrigerant flow) of liquid refrigerant through a second refrig-
erant passage f2 (FIG. 10) front the first, external heat exchanger 18 to the refrigerant heat exchange unit 23 via the
second bypass refrigerant passage 18b (second bypass upstream and downstream refrigerant passages 18b1, 18b2),
and a third flow (third refrigerant flow) of liquid refrigerant through a third refrigerant passage f3 (FIG. 11) from the second
external heat exchanger 18 to the first orifice 14 via the bypass upstream refrigerant passage 18b1 and the second
downstream air cooling refrigerant passage 13b2 of the air cooling refrigerant circulating passage arrangement 9a. The
four-way electromagnetic switching valve 40 is configured to switch among the first and third flows.

[0150] The refrigerant discharged from the compressor 11 flows through the three-way electromagnetic switching
valve 17, first bypass refrigerant passage 17a, first external heat exchanger 18, second bypass upstream refrigerant,
passage 18b1, four-way electromagnetic switching valve 40, second bypass downstream refrigerant passage 18b2,
second external heat exchanger 18a, second orifice19, third external heat exchanger 20, third bypass refrigerant passage
20a, second one-way valve 21, and accumulator 16 in this order. It then returns to the compressor 11 and circulates.
Thus, a second refrigeration cycle is repeated.

[0151] Thecoolingwater circulating passage arrangement 10includes the cooling water circulating passage 24 through
which the cooling water outlet and inlet (not shown) of the water jacket engine 3 are communicated each other via the
heater core 8a. The cooling water circulating passage 24 includes the first cooling water passage 24a connecting (making
communicate) the cooling water outlet (not shown) of the water jacket of the engine 3 and the cooling whaler inlet (not
shown) of the heater core 8a, and the second cooling water passage 24b connecting (making communicate) the first
cooling water outlet (not shown) connected with the cooling water inlet (not shown) of the heater core 8a and the cooling
water inlet (not shown) of the water jacket of the engine 3. The first and second cooling water passages 24a, 24b are
formed in a not-shown cooling water passage.

[0152] Further, the water heat exchanger 26a is disposed in the middle of the first cooling water passage 24a of the
cooling water circulating passage 24 and integrally provided with the second external heat exchanger 18. According to
the present embodiment the first external heat exchanger 18 and the water heat exchanger 26a constitute the heat
exchange means 28a for heating the cooling water.

[0153] Thus, the water heat exchanger 26a is integrated with the first external heat exchanger 18 for refrigerant to
transfer heat therebetween. By this heat transfer, heat from high-temperature, high-pressure compressed refrigerant in
the first external heat exchanger 18 supplied from the compressor 11 heats the engine cooling water in the water heat
exchanger 26a and the gaseous high-pressure refrigerant is deprived of heat and condensed to become liquid refrigerant
by heatinginthe firstexternal heat exchanger 18. The rest ofthe structure is the same asthat of the above firstembodiment.
[0154] Next, the operation of the vehicle air conditioning device 4a according to the present embodiment is described.

(Normal Air Cooling Operation)

[0155] Since the normal air cooling operation is the same as that in the first embodiment, a description thereof is
omitted from the present embodiment to avoid redundancy.

(Normal Air Heating Operation in Low Ambient Temperature)

[0156] Upon turning on a not-shown ignition switch in the vehicle to start the engine 3, the water temperature sensor
30 (FIG. 3) detects the temperature of the engine cooling water in the water jacket of the engine 3 and outputs a
temperature detection signal to the control unit 29 (FIG. 3).

[0157] Then, by turning on the air heating switch 32 (FIG. 3), the control unit 29 receives an ON signal as an instruction
for the air-heating operation of the vehicle air conditioning device 4a and determines from the temperature detection
signal of the water temperature sensor 30 whether or not the temperature of the engine cooling water has reached a
required temperature (predetermined temperature) for heating the air in the vehicle cabin 1.

[0158] Determining that the temperature of the engine cooling water does not reach a required temperature (prede-
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termined temperature) for heating the air in the vehicle cabin 1 in the engine start period in a low ambient temperature
in winter or the like, the control unit 29 controls the operation of the three-way electromagnetic switching valve 17.
[0159] The control unit 29 controls the three-way electromagnetic switching valve 17 to shut off the refrigerant outlet
(not shown) of the compressor 11 and the refrigerant inlet (not shown) of the condenser 12 as well as to make the
refrigerant outlet (not shown) of the compressor 11 communicate with the first bypass refrigerant passage 17a of the
bypass refrigerant passage Bp. In this state the refrigerant is prevented from flowing through the condenser12, liquid
tank 13, first orifice 14, evaporator 7a and else, even if the compressor 11 is in operation.

[0160] Along with this, the control unit 29 controls the four-way electromagnetic switching valve 40 to make the second
bypass upstream and downstream refrigerant passages 18b1, 18b2 communicate with each other and shut off the
communication between the second upstream and downstream air cooling refrigerant passage 13a1, 13a2.

[0161] Moreover, the control unit 29 controls the door driver 8c1 of the heater unit 8 to open the upstream of the air
path (not shown) of the heater core 8a with the mixing door 8c and controls the door driver 6¢1 of the intake unit 6b to
close the outer air inlet b1 of the intake unit 6b and open the inner air inlet 6b2.

[0162] Then, the control unit 29 operates the blower 6a to absorb the air in the vehicle cabin 1 from the inner air inlet
6b2. The absorbed air flows through the air passage 5a and a not-shown air path of the evaporator 7a and is blown into
the vehicle cabin 1 from the air outlet 8e via the air path (not shown) of the heater unit 8 and the mixing chamber 8d.
Since the refrigerant is not supplied to the evaporator 7a, the air blown from the blower 6a is not cooled in the evaporator
7a, passing through the air path (not shown) of the evaporator 7a even if the compressor 11 is in operation.

[0163] Further, the control unit 29 operates the compressor 11 to compress the refrigerant gas to high-temperature
compressed refrigerant and discharge it to the first cooling refrigerant passage 11a. The compressed refrigerant flows
through the three-way electromagnetic switching valve 17, first bypass refrigerant passage 17a of the bypass refrigerant
passage Bp, first external heat exchanger 18, second bypass upstream refrigerant passage 18b1, four-way electromag-
netic switching valve 40, second bypass downstream refrigerant passage 18b2, second external heat exchanger 18a,
second orifice 19, third external heat exchanger 20, third bypass refrigerant passage 20a, second one-way valve 21,
accumulator 16 and else in this order, and returns to the compressor 11 and circulates.

[0164] Here, the compressed refrigerant is deprived of heat and becomes condensed into high-pressure liquid refrig-
erant in the first external heat exchanger 18. The liquid refrigerant is inflated by the second orifice19 into low pressure
liquid refrigerant and flows into the second external heat exchanger 18a. Heat from the liquid refrigerant having flowed
into the second external heat exchanger 18a is absorbed into the refrigerant in the third external heat exchanger 20 so
that the pressure of the liquid refrigerant supplied to the second orifice 19 can be lowered.

[0165] The liquid refrigerant in a pressure is inflated and depressurized in the second orifice 19, flows into the third
external heat exchanger 20, and is evaporated therein absorbing heat from the second external heat exchanger 18a to
become refrigerant gas. The evaporated refrigerant gas returns to the compressor 11 via the third bypass refrigerant
passage 20a, second one-way valve 21, and accumulator 16.

[0166] Further, the engine cooling water in the water jacket of the engine 3 is discharged therefrom by a not-shown
water pump and supplied to the water heat exchanger 26a. Then, the engine cooling water flows into the heater core
8a via the water heat exchanger 26a, returns to the water jacket of the engine 3 from the heater core 8a and circulates.
[0167] Along with this, the external heat exchanger 18 and the water heat exchanger 26a transfers heat therebetween
when the compressed refrigerant flows in the first external heat exchanger 18, to heat the engine cooling water in the
water heat exchanger 26a flowing to the heater core 8a. The engine cooling water heated by the first external heat
exchanger 18 and the water heat exchanger 26a is supplied to the heater core 8a to heat the air flowing in the air path
(not shown) of the heater core 8a. The warmed air is blown from the air outlet 8 to the vehicle cabin 1 and warm up the
air in the vehicle cabin 1.

(Dehumidified Air Heating Operation)

[0168] Upon receiving an operation signal (ON signal) from a dehumidifying switch 33 (FIG. 3), the control unit 29
controls the four-way electromagnetic switching valve 40 to change the flow of the refrigerant in the normal air heating
operation.

[0169] Specifically, receiving the operation signal (ON signal) from the dehumidifying switch 33, the control 1 unit 29
controls the four-way electromagnetic switching valve 40 to make the second bypass upstream refrigerant passage
18b1 communicate with the second downstream refrigerant passage 13a2, shut off the communication between the
second bypass upstream and downstream refrigerant passages 18b1, 18b2 and shut off the communication between
the second upstream and downstream air cooling refrigerant passages 13a1, 13a2, to thereby flow the liquid refrigerant
from the first external heat exchanger 18 into the first orifice 14 via the second bypass upstream refrigerant passage
18b1 and the third downstream refrigerant passage 13a2. Flowing into the first orifice 14, the high-pressure liquid
refrigerant is inflated (depressurized) therein to low-pressure liquid refrigerant.

[0170] The depressurized, condensed refrigerant is supplied to the evaporator 7a in the vehicle cabin 1 and blown
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from the blower 6a. Also, it absorbs heat from the air flowing through a not-shown air path of the evaporator 7a and
reduces the temperature of the air. Here, water contained in the airis condensed onto the outer face of the heat exchanger
of the evaporator 7a and dehumidified. The dehumidified air is heated (warmed), passing through a not-shown air path
in the heater core 8a, and blown out to the vehicle cabin 1 from the air outlet 8e to heat the air in the vehicle cabin 1.
[0171] Meanwhile, flowing into the evaporator 7a from the first orifice 14, the liquid refrigerant (refrigerant liquid) is
evaporated to gaseous refrigerant (refrigerant gas) at the time the air in the cabin is dehumidified. The refrigerant
(refrigerant gas) is returned to circulate via the third cooling refrigerant passage 7afl, first one-way valve 15, fourth air-
cooling refrigerant passage 15a, accumulator 16 and else to the compressor 11 and compressed thereby.

(Different Example of second embodiment)

[0172] The above second embodiment has described an example where the engine cooling water discharged from
the water jacket of the engine 3 is supplied to the heater core 8a via the water heat exchanger 26a and can be heated
by the first external heat exchanger 18 when flowing in the water heat exchanger 26a. The present invention should not
be limited to such an example.

[0173] For example, FIG. 12 shows another example of the second embodiment, the vehicle air conditioning device
4a comprising the cooling water circulating passage 24 to make the cooling water outlet (not shown) and the cooling
water inlet (not shown) of the water jacket engine 3 communicate with each other via the heater core 8a so that the
water heat exchange unit 25 is provided in the middle of the cooling water circulating passage 24,

[0174] The water heat exchange unit 25 includes the first water heat exchanger 26 through which the engine cooling
water is supplied from the water jacket of the engine 3 to the heater core 8a and the second water heat exchanger 27
through which the engine cooling water is returned to the water jacket of the engine 3 from the heater core 8a. The
device in FIG. 12 omits including the second external heat exchanger 18a in FIG. 9, and includes a third external heat
exchanger 20’ instead of the third external heat exchanger 20 in FIG. 9.

[0175] According to the present embodiment, the first external heat exchanger 18 and the water heat exchange unit
25 (first and second water heat exchangers 26, 27) constitute a heat exchange means 28¢ for heating the cooling water.
The first external heat exchanger 18 and the third external heat exchanger 20’ constitute the refrigerant heat exchange
means 23a.

[0176] Further, the first water heat exchanger 26 and the first external heat exchanger 18 are integrally provided to
transfer heat therebetween and the first external heat exchanger 18 and the third external heat exchanger 20’ are
integrally provided to transfer heat therebetween.

[0177] Inthis example, the third bypass refrigerant passage 202’ is the one to make the third external heat exchanger
20 and the second one-way valve 21 communicate with each other in replace of the third bypass refrigerant passage
20ain FIG. 9.

[0178] Further, as shown in FIG. 12, the first refrigerant passage (F1) is set to flow the refrigerant from the second
upstream air cooling refrigerant passage 13a1 to the second downstream air cooling refrigerant passage 13a2 to allow
the refrigerant to be circulated by the compressor 11, At shown in FIG. 13, the second refrigerant passage (F2) is set
to flow the refrigerant from the first external heat exchanger 18 to the third external heat exchanger 20’ to allow the
refrigerant to be circulated by the compressor 11. As shown in FIG. 14, the third refrigerant passage (F3) is set to flow
the refrigerant discharged from the first external heat exchanger 18 to the second downstream air cooling refrigerant
passage 13a2. to allow the refrigerant to be circulated by the compressor 11.

[0179] A part of the first refrigerant passage F1 is formed as a first liquid refrigerant passage in the second upstream
and downstream air cooling refrigerant passages 13a1, 13a2 while a part of the second refrigerant passage F2 is formed
as a second liquid refrigerant passage between the first external heat exchanger 18 and the third external heat exchanger
20",

[0180] The device additionally comprises a refrigerant passage 18c¢ to connect the refrigerant outlet (not shown) of
the first external heat exchanger 18 and second upstream and downstream air cooling refrigerant passages 13a1, 13a2.
A part of the third refrigerant passage F3 is formed as a third liquid refrigerant passage in the refrigerant passage 18c.
The second orifice 19 is formed in the middle of the second liquid refrigerant passage.

[0181] The device further comprises an electromagnetic switching valve 41 to switch among a fist flow from the
condenser 12 to the first orifice 14, a second flow from the first external heat exchanger 18 to the third external heat
exchanger 20’, and a third flow from the first external heat exchanger 18 to the first orifice 14.

[0182] The electromagnetic switching valve 41 includes a first electromagnetic switching valve 42 disposed among
the refrigerant passage 18c and the second upstream and downstream air cooling refrigerant passages 13a1, 13a2 to
make the second downstream air cooling refrigerant passage 13a2 communicate with one of the air cooling refrigerant
passage 13a1 and the refrigerant passage 18c. It also includes a second electromagnetic switching valve 43 disposed
among the refrigerant inlet (not shown) of the first three-way electromagnetic switching valve 42, refrigerant passage
18c and the refrigerant, inlet (not shown) of the second orifice 19 to make the refrigerant outlet (not shown) of the first
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external heat exchanger 18 communicate with one of the refrigerant inlet (not shown) of the second orifice 19 and the
refrigerant passage 18c.

[0183] The second and third electromagnetic switching valves 42, 43 are controlled by the control unit 29 to switch
among the first flow from the condenser 12 to the first orifice 14, the second flow from the first external heat exchanger
18tothethird external heat exchanger 20’, and the third flow from the first external heat exchanger 18to the first orifice 14.
[0184] Next, the operation of the vehicle air conditioning device 4a in the first example of the present embodiment is
described.

(Normal Air Cooling Operation)

[0185] Since the normal air cooling operation is the same as that in the first embodiment, a description thereof is
omitted from the present embodiment to avoid redundancy.

(Air Heating Operation in Low Ambient Temperature)

[0186] Upon turning on a not-shown ignition switch in the vehicle to start the engine 3, the water temperature sensor
30 (FIG. 3) detects the temperature of the engine cooling water in the water jacket of the engine 3 and outputs a
temperature detection signal to the control unit 29 (FIG. 3).

[0187] Then, by turning on the air heating switch 32 (FIG. 3), the control unit 29 receives an ON signal as an instruction
for the air-heating operation of the vehicle air conditioning device 4a and determines from the temperature detection
signal of the water temperature sensor 30 whether or not the temperature of the engine cooling water has reached a
required temperature (predetermined temperature) for heating the air in the vehicle cabin 1.

[0188] Determining that the temperature of the engine cooling water does not reach a required temperature (prede-
termined temperature) for heating the air in the vehicle cabin 1 in the engine start period in a low ambient temperature
during winter or else, the control unit 29 controls the operation of the three-way electromagnetic switching valve 17.
[0189] The control unit 29 controls the three-way electromagnetic switching valve 17 to shut off the refrigerant outlet
(not shown) of the compressor 11 or the first cooling refrigerant passage 11a and the refrigerant inlet (not shown) of the
condenser 12 as well as to make the refrigerant outlet (not shown) of the compressor 11 or the first cooling refrigerant
passage 11a communicate with the first bypass refrigerant passage 17a of the bypass refrigerant passage Bp. In this
state the refrigerant is prevented from flowing through the condenser12, liquid tank 13, first orifice 14, evaporator 7a
and else, even if the compressor 11 is operated.

[0190] Along with this, the control unit 29 controls the second electromagnetic switching valve 43 to shut off the
communication between the refrigerant outlet (not shown) of the first external heat exchanger 18 and the refrigerant
passage 18c and make the refrigerant outlet (not shown) of the first external heat exchanger 18 and the second orifice
19 communicate with each other.

[0191] Moreover, the control unit 29 controls the door driver 8c 1 of the heater unit 8 to open the upstream of the air
path (not shown) of the heater core 8a with the mixing door 8c and controls the door driver 6¢1 of the intake unit 6b to
close the outer air inlet b1 of the intake unit 6b and open the inner air inlet 6b2.

[0192] Then, the control unit 29 operates the blower 6a to absorb the air in the vehicle cabin 1 from the inner air inlet
6b2. The absorbed air flows through the air passage 5a and a not-shown air path of the evaporator 7a and is blown into
the vehicle cabin 1 from the air outlet 8e via the air path (not shown) of the heater unit 8 and the mixing chamber 8d.
Since the refrigerant is not supplied to the evaporator 7a as above, the air blown from the blower 6a is not cooled in the
evaporator 7a, passing through the air path (not shown) of the evaporator 7a even if the compressor 11 is operated.
[0193] Further, by driving the engine 3, the engine cooling water in the water jacket of the engine 3 is discharged
therefrom by a not-shown water pump and supplied to the first water heat exchanger 26. Then, the engine cooling water
flows into the heater core 8a via the first water heat exchanger 26, returns to the water jacket of the engine 3 from the
heater core 8a and circulates.

[0194] Further, the control unit 29 operates the compressor 11 to compress the refrigerant gas to high-temperature
compressed refrigerant and discharge it to the first air-cooling refrigerant, passage 11a. The compressed refrigerant
flows through the three-way electromagnetic switching valve 17, first bypass refrigerant passage 17a of the bypass
refrigerant passage Bp, first external heat exchanger 18, second electromagnetic switching valve 43, second orifice 19,
third external heat exchanger 20’, third bypass refrigerant passage 20a’, second one-way valve 21, accumulator 16 and
else in this order, and returns to the compressor 11 and circulates.

[0195] Here, the high-temperature, high-pressure compressed refrigerant releases heat in the first external heat ex-
changer 18 to heat the engine cooling water therein flowing to the heater core 8a. The engine cooling water heated in
the first external heat exchanger 18 and the first water heat exchanger 26 is supplied to the heater core 8a and heats
the air flowing in the air path (not shown) of the heater core 8a. The warmed air is blown into the vehicle cabin 1 from
the air outlet 8e to warm up the air therein. Along with this, the high-temperature, high-pressure liquid refrigerant releases
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heat, flowing in the first external heat exchanger 18 and becomes condensed to high-pressure liquid refrigerant. This
liquid refrigerant is inflated by the second orifice 19 to become low-pressure liquid refrigerant.

[0196] The liquid refrigerant with a lowered pressure flows into the third external heat exchanger 20’ and flows out of
the heater core 8a. Then, it is heated by the engine cooling water flowing in the second water heat exchanger 27 and
evaporated therein absorbing heat from the third external heat exchanger 20’ to become refrigerant gas. The evaporated
reffigerant gas is returned to the compressor 11 via the third bypass refrigerant passage 20a’, second one-way valve
21, and accumulator 16.

(Dehumidified Air Heating Operation)

[0197] Upon receiving an operation signal (ON signal) from the dehumidifying switch 33 (FIG. 3), the control unit 29
controls the first and second electromagnetic switching valves 42, 43 to change the flow of the refrigerant in the normal
air heating operation.

[0198] Specifically, receiving the operation signal (ON signal) from the dehumidifying switch 33, the control unit 29
controls the first electromagnetic switching valve 42 to shut off the communication between the second upstream and
downstream refrigerant passages 13a1, 13a2, and controls the second electromagnetic switching valve 43 to make the
refrigerant passage 18c and the second downstream air cooling refrigerant passage 13a2 communicate with each other.
[0199] Along with this, the control unit 29 controls the second electromagnetic switching valve 43 to shut off the
communication between the refrigerant outlet (not shown) of the first external heat exchanger 18 and the second orifice
19 and make the refrigerant outlet (not shown) of the first external heat exchanger 18 and the refrigerant passage 18c
communicate with each other.

[0200] Thereby, the liquid refrigerant from the first external heat exchanger 18 is flowed into the first orifice 14 via the
second electromagnetic switching valve 43, the refrigerant passage 18c, the first electromagnetic switching valve 42
and the third downstream refrigerant passage 13a2. Flowing into the first orifice 14, the high-pressure liquid refrigerant
is inflated (depressurized) thereby to low-pressure liquid refrigerant.

[0201] The depressurized condensed refrigerant is supplied to the evaporator 7a in the vehicle cabin 1 and blown
from the blower 6a. Also, it absorbs heat from the air flowing through a not-shown air path of the evaporator 7a and
reduces the temperature of the air. Here, water containedin the airis condensed onto the outerface of the heat exchanger
of the evaporator 7a and dehumidified. The dehumidified air is heated (warmed), passing through a not-shown air path
in the heater core 8a, and blown out to the vehicle cabin 1 from the air outlet 8e to heat the air in the vehicle cabin 1.
[0202] Meanwhile, flowing into the evaporator 7a from the first orifice 14, the liquid refrigerant (refrigerant liquid) is
evaporated to gaseous refrigerant (refrigerant gas) at the time the air in the cabin is dehumidified. The refrigerant
(refrigerant gas) is returned to circulate via the third cooling reffigerant passage 7afl, first one-way valve 15, fourth air-
cooling refrigerant passage 15a, and accumulator 16 to the compressor 11 and compressed thereby.

[0203] As described above, the vehicle air conditioning device 4a according to the second embodiment includes the
refrigerant circulating passage arrangement 9 for air cooling through which the refrigerant is circulated trough the com-
pressor 11 driven by the engine, condenser 12 for refrigerant condensation outside the vehicle cabin 1, first orifice 14,
evaporator 7a for air cooling and liquid refrigerant evaporation in this order, and the cooling water circulating passage
arrangement 10 for air heating through which the engine cooling water is circulated between the water jacket of the
engine 3a and the heater core in the vehicle cabin.

[0204] Further, the vehicle air conditioning device 4a includes the three-way electromagnetic switching valve 17 to
switchably make the refrigerant discharge opening of the compressor 11 communicate with one of the condenser 12
and the bypass passage (in the first bypass refrigerant passage 17a) provided in parallel with the bypass passage
connected with the compressor 11 in parallel with the condenser 12 and the evaporator 7a.

[0205] The heat exchange means 23a for refrigerant comprises the first external heat exchanger 18 for refrigerant
condensation provided in the middle of the bypass passage (in the first bypass refrigerant passage 17a) and the second
and third external heat exchangers 18a, 20 to evaporate the liquid refrigerant from the first external heat exchanger 18
and return it to the compressor 11. Moreover, the water heat exchange unit 25 comprises the water heat exchanger (at
least one of the first and second water heat exchangers 26, 27) to flow the engine cooling water between the water
jacket of the engine 3 and the heater core 8a, and the first external heat exchanger 18 is configured to be able to heat
the engine cooling water in the water heat exchanger (at least one of the first and second water heat exchangers 26,
27). The four-way electromagnetic switching valve 40 is provided to switch among the first flow from the condenser 12
and the first orifice 14, the second flow from the first external heat exchanger 18 to the heat exchange means 23 for
refrigerant, and the third flow from the first external heat exchanger 18 to the first orifice 14.

[0206] As configured above, the simple structure can rapidly increase the temperature of the engine cooling water
used for heating the air in the vehicle cabin in the engine start period in a low ambient temperature. Also, it can perform
dehumidifying operation by switching the flow to the third flow with the four-way electromagnetic switching valve 40.
[0207] In the vehicle air conditioning device 4a according to the present embodiment, the four-way electromagnetic
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switching valve 40 is disposed in the middle of the first passage between the condenser 12 and the first orifice 14 and
the second passage from the first external heat exchanger 18 to the heat exchange means 23 for refrigerant.

[0208] With such a configuration, the device can perform dehumidifying operation by switching the flow to the third
flow with the four-way electromagnetic switching valve 40.

[0209] In the vehicle air conditioning device 4a according to the present embodiment the first water heat exchanger
26 is provided in the middle of the passage to flow the engine cooling water from the water jacket of the engine 3 to the
heater core 8a.

[0210] With such a configuration, the device can rapidly increase the temperature of the engine cooling water flowing
from the water jacket of the engine 3 to the heater core 8a and used for heating the air in the vehicle cabin in the engine
start period in a low ambient temperature.

[0211] In the vehicle air conditioning device 4a according to the present embodiment, the water heat exchange unit
25 comprises the first water heat exchanger 26 provided in the middle of the passage to flow the engine cooling water
from the water jacket of the engine 3 to the heater core 8a and the second water heat exchanger 27 provided in the
middle of the passage to flow the engine cooling water from the heater core 8a to the water jacket of the engine 3. Also,
the engine cooling water in the first water heat exchanger 26 is heatable by the first external heat exchanger 18 while
that in the second water heat exchanger 27 can heat the refrigerant in the heat exchange means 23a for refrigerant.
Further, the third passage is provided to make the first passage from the condenser 12 to the first orifice 14 communicate
with the second passage from the first external heat exchanger 18 to the heat exchange means 23a for refrigerant. In
addition, the electromagnetic switching valve 41 includes the first electromagnetic switching valve 42 interposed between
the middle of the first passage and the third passage and the second electromagnetic switching valve 43 interposed
between the middle of the second passage and the third passage.

[0212] With such a configuration, the device can rapidly increase the temperature of the engine cooling water flowing
from the water jacket of the engine 3 to the heater core 8a to heat the air in the vehicle cabin in the engine start period
in a low ambient temperature, as well as to accelerate the evaporation of the liquid refrigerant by heating the refrigerant
in the reffigerant heat exchange means 23 with the engine cooling water flowing from the heater core 8a to the water
jacket of the engine 3.

[0213] Moreover, in the vehicle air conditioning device 4a according to the present embodiment the accumulator 16
is disposed at downstream of the first and second one-way valves 15, 21 by way of example. However, the present
invention should not be limited to such an example. The accumulator 16 can be disposed at downstream of the first one-
way valve 15 and at upstream of a connecting portion of the third bypass refrigerant passage 20a on which the second
one-way valve 21 is disposed and the fourth air-cooling reffigerant passage 15a, for example. Alternatively, it can be
disposed at upstream of the second one-way valve 21.

[0214] Thus, by disposition of the accumulator 16, the liquefied refrigerant gas occurting in the engine start period or
in a low temperature can be accumulated in the accumulator 16. This makes it possible to reduce loss of the heat
exchange between the first and second water heat exchangers 26, 27 constituting the water heat exchange unit 25 and
the first external heat exchanger 18 and to rapidly increase the temperature of the engine cooling water and quickly and
comfortably warm up the vehicle cabin.

(Third Embodiment)

[0215] FIG. 15 schematically shows the structure of a vehicle air conditioning device according to a third embodiment
of the present invention. Note that the same reference numbers are given to the same or like parts as those of the vehicle
air conditioning device according to the first embodimentin FIG. 1. A description on an overlapping portion will be omitted.
[0216] A vehicle airconditioning device 4b in FIG. 15 accordingto the presentembodiment also includes the refrigerant
circulating passage arrangement 9 and the cooling water circulating passage arrangement 10. The refrigerant circulating
passage arrangement 9 includes the first refrigerant circulating passage arrangement 9a to perform air cooling refrig-
eration cycle (air cooling cycle) and the second refrigerant circulating passage arrangement 9b to perform refrigeration
cycle for heating cooling water (air heating cycle). The refrigerant circulating passage arrangement 9a is structured the
same as that in the first embodiment.

[0217] The second refrigerant circulating passage arrangement 9b includes the compressor 11, the three-way elec-
tromagnetic switching valve 17 interposed in the middle of the first air-cooling refrigerant passage I1a, the first bypass
refrigerant passage 17a connected at one end with the three-way electromagnetic switching valve 17, the first external
heat exchanger 18 for refrigerant condensation (heating cooling water) disposed outside the vehicle cabin 1 and con-
nected at a refrigerant inlet (not shown) with the other end of the first bypass refrigerant passage 17a, and the second
orifice 19 outside the vehicle cabin 1 connected with a refrigerant outlet (not shown) of the first external heat exchanger 18.
[0218] Further, the second refrigerant circulating passage arrangement 9b includes the second external heat exchang-
er 18a for refrigerant evaporation supplied with the refrigerant inflated by the second orifice 19, third bypass refrigerant
passage 20a connected at one end with the refrigerant outlet (not shown) of the second external heat exchanger 18a,

19



20

25

30

35

40

45

50

55

EP 2 383 129 A1

second one-way valve 21 connecting the other end of the third bypass refrigerant passage 20a and the middle of the
fourth air-cooling refrigerant passage 15a connected with the refrigerant outlet (not shown) of the first one-way valve
15, and accumulator 16.

[0219] The refrigerant discharged from the compressor 11 flows through the three-way electromagnetic switching
valve 17, first bypass refrigerant passage 173, first external heat exchanger 18, second orifice 19, second external heat
exchanger 18a, third bypass refrigerant passage 20a, second one-way valve 21, and accumulator 16 in this order, and
then is returned to the compressor 11 to circulate. The second refrigeration cycle is thus repeated.

[0220] In the first and third bypass refrigerant passages 17a, 20a, a bypass passage is formed to communicate
(connect) with the compressor 11 in parallel with the condenser 12 and the evaporator 7a. The heat exchange means
28d for heating cooling water comprising the first and second external heat exchangers 18, 18a and the water heat
exchanger 26a is disposed in the middle of this bypass passage. Also, the first and second external heat exchangers
18, 18a constitute the refrigerant heat exchange means 23b in the present embodiment.

[0221] The cooling water circulating passage arrangement 10 includes the passage in the water jacket of the engine
3 and the cooling water circulating passage 24 to flow into the heater core 8a the cooling water discharged from the
cooling water outlet (not shown) of the water jacket of the engine 3 by a not-shown water pump and return the cooling
water to the passage in the water jacket of the engine 3.

[0222] The cooling water circulating passage 24 includes the first cooling water passage 24a connecting (making
communicate) the cooling water outlet (not shown) of the water jacket of the engine 3 and the cooling water inlet (not
shown) of the heater core 8a, and the second cooling water passage 24b connecting (making communicate) the first
cooling water outlet (not shown) connected with the cooling water inlet (not shown) of the heater core 8a and the cooling
water inlet (not shown) of the water jacket of the engine 3. Also, the water heat exchanger 26a is disposed in the middle
of the first cooling water passage 24a.

[0223] Further, the water heat exchanger 26a is disposed between the first and second heat exchangers 18,18a and
integrally provided therewith so as to be able to transfer heat. By the heat transfer, the engine cooling water in the water
heat exchanger 26a is heated by heat from the high-temperature, high-pressure compressed refrigerant supplied to the
first external heat exchanger 18 fromthe compressor 11. Atthe same time, the heated gaseous high-pressure refrigerant
is deprived of heat and condensed in the first external heat exchanger 18 to become liquid refrigerant.

[0224] Meanwhile, the low-pressure liquid refrigerant flowing from the second orifice 19 into the second external heat
exchanger 18a is heated by the engine cooling water in the first water heat exchanger 26 and evaporated in the second
external heat exchanger 18a to become refrigerant gas. The rest of the structure is the same as that of the vehicle air
conditioning device in the first embodiment.

[0225] Next, the operation of the vehicle air conditioning device 4b according to the present embodiment is described.

(Normal Air cooling Operation)

[0226] The normal air cooling operation is the same as that in the first embodiment so that a description on an
overlapping portion is omitted.

(Air Heating Operation in Low Ambient Temperature)

[0227] At start, of the engine 3 by turning on a not-shown ignition switch of the vehicle, the water temperature sensor
30 detects the temperature of the engine cooling water of the water jacket of the engine 3 and outputs a temperature
detection signal to the control unit 29 (FIG. 3).

[0228] Then, the air heating switch 32 (FIG. 3) is turned on and an ON signal is input to the control unit 29 as an
instruction for air heating of the vehicle air conditioning device 4b. The control unit 29 determines from the temperature
detection signal of the water temperature sensor 30 whether or not the temperature of the engine cooling water has
reached a required temperature (predetermined temperature) for heating the air in the vehicle cabin 1.

[0229] Determining that the temperature of the engine cooling water has reached a required temperature (predeter-
mined temperature) for heating the air in the vehicle cabin 1 in the engine starting period in a low ambient temperature
in winter or the like, the control unit 29 controls the three-way electromagnetic switching valve 17 to operate.

[0230] The control unit 29 controls the three-way electromagnetic switching valve 17 to shut off the refrigerant outlet
(not shown) of the compressor 11 and the refrigerant inlet (not shown) of the condenser 12 and make the refrigerant
outlet (not shown) of the compressor 11 communicate with the first bypass refrigerant passage 17a as the bypass
passage. In this manner, even with the compressor 11 in operation, the refrigerant is prevented from flowing through
the condenser 12, liquid tank 13, first orifice 14, evaporator 7a and else,

[0231] Then, the control unit 29 controls the door driver 8c1 to open the upstream of the air path (not shown) of the
heater core 8a with the mixing door 8c and controls the door driver 6¢1 of the intake unit 6b to close the outer air inlet
6b1 of the intake unit 6b and open the inner air inlet 6b2.
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[0232] Next, the control unit, 29 operates the blower 6a to absorb the air in vehicle cabin 1 from the inner air inlet 6b2.
The absorbed air flows into the air passage 5a and the not-shown air path of the evaporator 7a and is blown out in the
vehicle cabin 1 from the air outlet 8e via the air path of the heater unit 8 (not shown) and the mixing chamber 8d. Even
with the compressor 11 in operation, the refrigerant is not supplied to the evaporator 7a as described above, so that the
airfromthe blower 6a passing through the air path (not shown) of the evaporator 7a cannot be cooled by the evaporator 7a.
[0233] The control unit 29 then operates the compressor 11 to compress the refrigerant gas and discharge high-
temperature, high-pressure compressed refrigerant to the first air-cooling refrigerant passage 11 a. The compressed
refrigerant flows through the three-way electromagnetic switching valve 17, first bypass refrigerant passage 17a, first
external heat exchanger 18, second bypass refrigerant passage 18b, second external heat exchanger 18a, second
orifice 19, third external heat exchanger 20, third bypass refrigerant passage 20a, second one-way valve 21, and accu-
mulator 16 in this order, and is returned to the compressor 11 to circulate.

[0234] The compressed refrigerantis deprived of heat and condensed in the first external heat exchanger 18 to become
high-pressure liquid refrigerant. The liquid refrigerant is inflated by the second orifice 19 to become low-pressure liquid
reffigerant and then flows into the second external heat exchanger 18a and is evaporated thereby to refrigerant gas.
The evaporated refrigerant gas is returned to the compressor 11 via the third bypass refrigerant passage 20a, second
one-way valve 21, and accumulator 16.

[0235] Also, the engine cooling water from the water jacket of the engine 3 flows into the heater core 8a and is returned
to the water jacket of the engine 3 to circulate.

[0236] Alongwiththis, flowingin the first external heat exchanger 18, heatfromthe compressed refrigerantistransferred
between the first external heat exchanger 18 and the water heat exchanger 26a to heat the engine cooling water in the
water heat exchanger 26a flowing to the heater core 8a. Also, the heat therefrom is transferred between the water heat
exchanger 26a and the second external heat exchanger 18a to heat the liquid refrigerant flowing in the second external
heat exchanger 18a with the engine cooling water in the water heat exchanger 26a.

[0237] The engine cooling water heated in the first external heat exchanger 18 and the first water heat exchanger 26a
is supplied to the heater core 8a and heats the air flowing through the air path (not shown) of the heater core 8a. The
heated air is blown out in the vehicle cabin 1 from the air outlet 8e to heat there.

[0238] The compressed refrigerant in the first external heat exchanger 18 heats the liquid refrigerant flowing into the
second external heat exchanger 18a via the engine cooling water in the water heat exchanger 26a to accelerate evap-
oration of the low-pressure liquid refrigerant therein.

(Example of Third Embodiment)

[0239] The third embodiment has described an example where the water heat exchanger 26a is provided to flow the
engine cooling water supplied from the water jacket of the engine 3 to the heater core 8a, transfer/receive heat to/from
the firstand second external water heat exchangers 18, 18a and heatthe engine cooling waterin the water heat exchanger
26a by the heat from the compressed refrigerant in the first external heat exchanger 18 for refrigerant condensation and
heat the liquid refrigerant flowing into the second external heat exchanger 18a for refrigerant evaporation via the engine
cooling water in the water heat exchanger 26a. However, the present invention should not be limited to such an example.
[0240] For example, the water heat exchanger 26a can be omitted from the vehicle air conditioning device 4b as
shown in FIG. 16. Instead, a water heat exchanger 27a can be disposed in the middle of the path (passage) between
the engine cooling water outlet of the heater core 8a and the engine cooling water inlet of the water jacket of the engine
3 and between the first and second external heat exchangers 18, 18a.

[0241] With such a configuration, the compressed refrigerant flowing in the first external heat exchanger 18 for
refrigerant transfers/receives heat to/from the water heat exchanger 27a to heat, in the water heat exchanger 27a, the
engine cooling water flowing from the heater core 8a to the water jacket of the engine 3. Also, it transfers/receives heat
to/fromthe second external heat exchanger 18ato heatthe low-pressure liquid refrigerant flowing thereinto and accelerate
the evaporation thereof.

[0242] Inthe vehicle air conditioning device 4b according to this example, the water heat exchanger 27a, and first and
second externalheatexchangers 18, 18afor refrigerant constitute the heat exchange means 28e for heating cooling water.
[0243] As described above, the vehicle air conditioning device 4b according to the third embodiment includes the first
air-cooling refrigerant circulating passage arrangement 9a to circulate the refrigerant through the compressor 11, con-
denser 12 for refrigerant condensation, first orifice 14 and evaporator 7a in this order as well as the cooling water
circulating passage arrangement 10 for air heating to circulate the engine cooling water between the water jacket of the
engine 3 and the heater core in the vehicle cabin 1.

[0244] Further, the vehicle air conditioning device 4b includes the bypass passage connected with the compressor
11 in parallel with the condenser 12 and evaporator 7a and the three-way electromagnetic switching valve 17 to switchably
make the refrigerant discharge opening of the compressor 11 communicate with either of the condenser 12 and the
bypass passage.
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[0245] Further, the vehicle air conditioning device 4b comprises the water heat exchanger 26a (27a) disposed in the
middle of the passage between the water jacket of the engine 3 and the heater core 8a, and the heat exchange means
28d (28e) for heating cooling water provided in the middle of the bypass passage to transfer/receive heat with to/from
the water heat exchanger 26a (27a).

[0246] Further, the vehicle air conditioning device 4b includes the control unit 29 configured to operate the compressor
11 and control the three-way electromagnetic switching valve 17 to make the refrigerant discharge opening of the
compressor 11 communicate with the bypass passage when the temperature of the engine cooling water is a predeter-
mined value or less at the engine start.

[0247] Further, the heat exchange means 28d (28e) for heating cooling water comprises the first external heat ex-
changer 18 for refrigerant condensation provided in the middle of the bypass passage, the second orifice 19 to inflate
the refrigerant condensed in the external heat exchanger 18 and the second external heat exchanger 18a to evaporate
the liquid refrigerant inflated by the second orifice 19 by absorbing heat therefrom. The heat exchange means 28d (28e)
for heating cooling water further comprises the water heat exchanger 26a (27a) which flows the engine cooling water
to flow between the water jacket of the engine 3 and the heater core 8a and is disposed between the first and second
external heat exchangers 18, 18a.

[0248] With such a configuration, the device can rapidly increase the temperature of the engine cooling water used
for heatingthe air in the vehicle cabin inthe engine start period in a low ambient temperature. Specifically, the temperature
of the engine cooling water can be rapidly increased by using the heat released from the second external heat exchanger
18a for refrigerant to heat the engine cooling water.

[0249] Further, by using the heat released from the first external heat exchanger 18, it is able to heat the low-pressure
liquid refrigerant flowing into the second external heat exchanger 18a for liquid refrigerant to accelerate the evaporation
thereof.

[0250] Further, according to the vehicle air conditioning device 4b in the present embodiment the heat exchange
means 28d for heating cooling water is the water heat exchanger 26a configured to flow the engine cooling water which
flows from the water jacket of the engine 3 to the heater core and it is disposed between the first and second external
heat exchangers 18,18a.

[0251] With such a configuration, in the refrigeration cycle for heating the engine cooling water, the high-pressure,
high-temperature compressed refrigerant in the first external heat exchanger 18 can heat the engine cooling water in
the water heat exchanger 26a flowing from the water jacket of the engine 3 to the heater core, which can improve the
heating efficiency of the engine cooling water.

[0252] In addition, a part of the high-pressure, high temperature compressed refrigerant in the first external heat
exchanger 18 can heat the low-pressure liquid refrigerant flowing into the second external heat exchanger 18a via the
water heat exchanger 26a to accelerate the evaporation thereof. Disposed between the first and second external heat
exchangers 18, the water heat exchanger 26a can be integrally provided with them to form one heat exchange means
18, thereby making it easier to handle the heat exchange means for heating water and secure the space for placing it.
[0253] Further, according to the vehicle air conditioning device 4b in the present embodiment, the heat exchange
means 28e for heating cooling water is the water heat exchanger 27a to flow the engine cooling water which flows from
the heatercore 8atothe waterjacketofthe engine anditis disposed betweenthefirstand second heat exchangers 18, 18a.
[0254] With such a configuration, in the refrigeration cycle for heating engine cooling water, high-pressure, high-
temperature compressed refrigerant in the first external heat exchanger 18 can heat the engine cooling water flowing
from the heater core to the water jacket of the engine 3, which can improve the heating efficiency of the engine cooling
water. Also, it can heat the low-pressure liquid refrigerant flowing into the second external heat exchanger 18a via the
water heat exchanger 27a to accelerate the evaporation thereof.

[0255] Further, disposed between the first and second external heat exchangers 18, 18a, the water heat exchanger
27a can be integrally provided with them to form one heat exchange means 18, thereby making it easier to handle the
heat exchange means for heating water and secure the space for placing it.

[0256] Moreover, according to the vehicle air conditioning device 4b in the present embodiment, the accumulator 16
is disposed at downstream of the first and second one-way valves 15, 21 by way of example. The present invention
should not be limited to such an example. For example, the accumulator 16 can be disposed at downstream of the first
one-way valve 15 and at upstream of the connecting portion of the third bypass refrigerant passage 20a where the
second one-way valve 21 is placed and the fourth refrigerant passage 15a. Alternatively, it can be disposed at upstream
of the second one-way valve 21. With the accumulator 16 disposed as above, liquefied refrigerant gas occurring in the
engine start period or in a low ambient temperature can be accumulated in the accumulator 16, which can reduce a loss
of the heat exchange between the first external heat exchanger 18 and the water heat exchanger 26a (27a) constituting
the heat exchange means 28d (28e) for heating cooling water, rapidly increase the temperature of the engine cooling
water and quickly and comfortably warm up the vehicle cabin.
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(Fourth Embodiment)

[0257] FIG. 17 schematically shows the structure of a vehicle air conditioning device according to a fourth embodiment
of the present invention. Note that the same reference numbers are given to the same or like parts as those of the vehicle
air conditioning device according to the first embodimentin FIG. 1. A description on an overlapping portion will be omitted.
[0258] A vehicle air conditioning device 4c in FIG. 17 according to the present embodiment also includes the refrigerant
circulating passage arrangement 9 and the cooling water circulating passage arrangement 10. The refrigerant circulating
passage arrangement 9 includes the first refrigerant circulating passage arrangement 9a to perform air cooling refrig-
eration cycle (air cooling cycle) and the second refrigerant circulating passage arrangement 9b to perform refrigeration
cycle for heating cooling water (air heating cycle). The refrigerant circulating passage arrangement 9a is structured the
same as that in the first embodiment.

[0259] The second refrigerant circulating passage arrangement 9b includes the compressor 11, the three-way elec-
tromagnetic switching valve 17 interposed in the middle of the first air-cooling refrigerant passage 11a, the first bypass
reffigerant passage 17a connected at one end with the three-way electromagnetic switching valve 17, the first external
heat exchanger 18 for refrigerant condensation (heating cooling water) disposed outside the vehicle cabin 1 and con-
nected at a refrigerant inlet (not shown) with the other end of the first bypass refrigerant passage 17a, and the second
orifice 19 outside the vehicle cabin 1 connected with a refrigerant outlet (not shown) of the first external heat exchanger 18.
[0260] Further, the second refrigerant circulating passage arrangement 9b includes the second external heat exchang-
er 18afor refrigerant evaporation supplied with the refrigerant inflated by the second orifice 19, second bypass refrigerant
passage 20a connected at one end with the refrigerant outlet (not shown) of the second external heat exchanger 18a,
second one-way valve 21 connecting the other end of the third bypass refrigerant passage 20a and the middle of the
fourth air-cooling refrigerant passage 15a connected with the refrigerant outlet (not shown) of the first one-way valve
15, and accumulator 16.

[0261] The refrigerant discharged from the compressor 11 flows through the three-way electromagnetic switching
valve 17, first bypass refrigerant passage 17a, external heat exchanger 18, second orifice 19, second external heat
exchanger 18a, second bypass refrigerant passage 20a, one-way valve 21, and accumulator 16 in this order, and then
is returned to the compressor 11 to circulate. The second refrigeration cycle is thus repeated.

[0262] In the first and second bypass refrigerant passages 17a, 20a, a not-shown bypass passage is formed to
communicate (connect) with the compressor 11 in parallel with the condenser 12 and the evaporator 7a. The heat
exchange means 23b for refrigerant comprising the first and second external heat exchanger 18, 18a is disposed in the
middle of this bypass passage.

[0263] The cooling water circulating passage arrangement 10 for air heating includes the passage in the water jacket
of the engine 3 and the cooling water circulating passage 24 to flow into the heater core 8a the cooling water discharged
from the cooling water outlet (not shown) of the water jacket of the engine 3 by a not-shown water pump and to return
the cooling water to the passage in the water jacket of the engine 3.

[0264] The cooling water circulating passage 24 includes the first cooling water passage 24a connecting (making
communicate) the cooling water outlet (not shown) of the water jacket of the engine 3 and the cooling water inlet (not
shown) of the heater core 8a and the second cooling water passage 24b connecting (making communicate) the first
cooling water outlet (not shown) connected with the cooling water inlet (not shown) of the heater core 8a and the cooling
water outlet (not shown) of the water jacket of the engine 3. Also, the water heat exchange unit 25 is disposed in the
middle of the cooling water circulating passage 24.

[0265] The water heat exchange unit 25 includes the first water heat exchanger 26 provided in the middle of the first
cooling water passage 24a and the second water heat exchanger 27 provided in the middle of the second cooling water
passage 24b. A part of the first cooling water passage 24a is formed in the first water heat exchanger 26 while a part of
the second cooling water passage 24b is formed in the second water heat exchanger 27.

[0266] As shown in FIGs. 17, 18, the second external heat exchanger for refrigerant 18 is disposed between the first
and second water heat exchangers 26, 27, and the second water heat exchanger 27 is disposed between the second
external heat exchangers 18, 18a. The first water heat exchanger 26, first external heat exchanger 18, second water
heat exchanger 27 and second external heat exchanger 18a are integrally connected with one another to constitute the
heat exchange means 28f for heating cooling water.

[0267] Next, the operation of the vehicle air conditioning device 4c according to the present embodiment is described.

(Normal Air Cooling Operation)

[0268] The normal air cooling operation is the same as that in the first embodiment so that a description on an
overlapping portion is omitted.
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(Air Heating Operation in Low Ambient Temperature)

[0269] At start of the engine 3 by turning on a not-shown ignition switch of the vehicle, the water temperature sensor
30 detects the temperature of the engine cooling water of the water jacket of the engine 3 and outputs a temperature
detection signal to the control unit 29 (FIG. 3).

[0270] Then, the air heating switch 32 (FIG. 3) is turned on and an ON signal is input to the control unit 29 as an
instruction for air heating of the vehicle air conditioning device 4. The control unit 29 determines from the temperature
detection signal of the water temperature sensor 30 whether or not the temperature of the engine cooling water has
reached a required temperature (predetermined temperature) for heating the air in the vehicle cabin 1.

[0271] Inthe engine starting period in a low ambient temperature in winter or the like, determining that the temperature
of the engine cooling water has reached a required temperature (predetermined temperature) for heating the air in the
vehicle cabin 1, the control unit 29 controls the three-way electromagnetic switching valve 17 to operate.

[0272] The control unit 29 controls the three-way electromagnetic switching valve 17 to shut off the refrigerant outlet
(not shown) of the compressor 11 and the refrigerant inlet (not shown) of the condenser 12 and make the refrigerant
outlet (not shown) of the compressor 11 communicate with the first bypass refrigerant passage 17a as the bypass
passage. In this manner, even with the compressor 11 in operation, the refrigerant is prevented from flowing through
the condenser 12, liquid tank 13, first orifice 14, evaporator 7a and else.

[0273] Then, the control unit 29 controls the door driver 8c1 to open the upstream of the air path (not shown) of the
heater core 8a with the mixing door 8c and controls the door driver 6¢1 of the intake unit 6b to close the outer air inlet
6b1 of the intake unit 6b and open the inner air inlet 6b2.

[0274] Next, the control unit 29 operates the blower 6a to absorb the air in vehicle cabin 1 from the inner air inlet 6b2.
The absorbed air flows into the air passage 5a and the not-shown air path of the evaporator 7a and is blown out in the
vehicle cabin 1 from the air outlet 8e via the air path of the heater unit 8 (not shown) and the mixing chamber 8d. Even
with the compressor 11 in operation, the refrigerant is prevented from supplied to the evaporator 7a as described above,
so that the air from the blower 6a passing through the air path (not shown) of the evaporator 7a cannot be cooled by
the evaporator 7a.

[0275] The control unit 29 then operates the compressor 11 to compress the refrigerant gas and discharge high-
temperature, high-pressure compressed refrigerant to the first air-cooling refrigerant passage 11a. The compressed
refrigerant flows through the three-way electromagnetic switching valve 17, first bypass refrigerant passage 17a, first
external heat exchanger 18, second orifice 19, second external heat exchanger 18a, third bypass refrigerant passage
20a, one-way valve 21, and accumulator 16 in this order, and is returned to the compressor 11 to circulate.

[0276] The compressed refrigerantis deprived of heat and condensed in the first external heat exchanger 18to become
high-pressure liquid refrigerant. The liquid refrigerant is inflated by the second orifice 19 to become low-pressure liquid
refrigerant, then flows into the second external heat exchanger 18a and is evaporated thereby to refrigerant gas. The
evaporated refrigerant gas is returned to the compressor 11 via the third bypass refrigerant passage 20a, second one-
way valve 21, and accumulator 16.

[0277] Also, the engine cooling water from the water jacket of the engine 3 flows into the heater core 8a via the first
water heat exchanger 26 and is returned to the water jacket of the engine 3 via the second water heat exchanger 27 to
circulate.

[0278] Along with this, flowing in the first external heat exchanger 18, heat of the compressed refrigerant is transferred
between the first external heat exchanger 18 and the first water heat exchanger 26 to heat the engine cooling water in
the first water heat exchanger 26 flowing to the heater core 8a, as well as between the first external heat exchanger 18
andthe second water heat exchanger 27 to heat the engine cooling water in the second water heat exchanger 27 flowing
from the heater core 8a to the water jacket of the engine 3.

[0279] The engine cooling water heated in the first external heat exchanger 18 and the first water heat exchanger 26
is supplied to the heater core 8a and heats the air flowing through the air path (not shown) of the heater core 8a. The
heated air is blown out in the vehicle cabin 1 from the air outlet 8e to heat there. The engine cooling water heated in the
first external heat exchanger 18 and the second water heat exchanger 27 is returned to the water jacket of the engine
3 to circulate.

[0280] The second external heat exchanger 18a and second water heat exchanger 27 transfer heat to heat the low-
pressure liquid refrigerant flowing into the second external heat exchanger 18a with the heat from the engine cooling
water in the second water heat exchanger 27 to accelerate evaporation of the engine cooling water.

[0281] FIG. 19 shows the temperature characteristics of portions (1) to (4) (refrigerant evaporation, engine cooling
water, refrigerant condensation, engine cooling water) of the heat exchange means 28ffor heating cooling waterin FIG. 18.
[0282] In FIG. 19 the line (1) indicates the temperature characteristic of the refrigerant in the second external heat
exchanger 18a, the line (2) indicates the temperature characteristic of the engine cooling water in the second water heat
exchanger 27, the line (3) indicates the temperature characteristic of the refrigerant in the first external heat exchanger
18 andthe line (4) indicates the temperature characteristic of the engine cooling water in the first water heat exchanger 26.
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[0283] As obvious fromthe line (4), being heated by the first external heat exchanger 18, the temperature of the engine
cooling water in the first water heat exchanger 26 flowing to the heater core 8a abruptly rises in an air heating start period.
[0284] Further, the engine cooling water flowing from the heater core 8a to the water jacket of the engine 3 is deprived
of thermal energy into the interior air in the heater core 8a and decreased in temperature. Meanwhile, the compressed
refrigerant in the first external heat exchanger 18 is deprived of a large amount of thermal energy into the engine cooling
water in the first water heat exchanger 26 and decreased in temperature. The engine cooling water in the second water
heat exchanger 27 is deprived of thermal energy for heating and evaporates the liquid refrigerant flowing into the second
external heat exchanger 18a.

[0285] As a result, heated by the first external heat exchanger 18 in the air heating start period, the engine cooling
water flowing from the heater core 8ato the water jacket of the engine 3 abruptly rises in temperature (water temperature)
but the temperature is slightly lower than that of the engine cooling water flowing in the first water heat exchanger 26,
as obvious from the line (2).

[0286] However, while returning to the water jacket of the engine 3 from the heater core 8a, the engine cooling water
is heated by the heat from the compressed refrigerant in the first external heat exchanger 18 so that it can maintain a
higher temperature than when returning from the heater core 8a to the water jacket of the engine 3. Because of this, the
air heating operation can be prevented from being encumbered at start of the engine in a low ambient temperature.
[0287] When the compressed refrigerant in the compressor 11 is supplied to the first external heat exchanger 18, the
temperature thereof abruptly rises as obvious from the line (3) and is higher than the lines (1), (2), (4). Meanwhile, the
temperature of the refrigerant in the second external heat exchanger 18a gradually rises and is much lower than the
temperature of the line (2) as obvious from the line (1).

[0288] As described above, the vehicle air conditioning device 4c according to the present embodiment includes the
first air-cooling refrigerant circulating passage arrangement 9 to circulate refrigerant through the compressor 11, con-
denser 12, first orifice 14 and evaporator 7a in this order as well as the cooling water circulating passage arrangement
10 for air heating to circulate the engine cooling water between the water jacket of the engine 3 and the heater core in
the vehicle cabin 1.

[0289] Further, the vehicle air conditioning device 4c includes the bypass passage connected with the compressor
11 in parallel with the first external heat exchanger 12 and evaporator 7a and the three-way electromagnetic switching
valve 17 to switchably make the refrigerant discharge opening of the compressor 11 communicate with either of the
condenser 12 and the bypass passage.

[0290] Further, the vehicle air conditioning device 4bc comprises the water heat exchange unit 25 disposed in the
middle of the passage between the water jacket of the engine 3 and the heater core 8a, and the heat exchange means
28f for heating cooling water including the refrigerant heat exchange means 23b provided in the middle of the bypass
passage to transfer/receive heat to/from the water heat exchange unit 25.

[0291] Further, the vehicle air conditioning device 4c includes the control unit 29 configured to operate the compressor
11 of the first refrigerant circulating passage arrangement 9a and control the three-way electromagnetic switching valve
17 to make the refrigerant discharge opening of the compressor 11 communicate with the bypass passage when the
temperature of the engine cooling water is a predetermined value or less at the engine start.

[0292] Further, the refrigerant heat exchange means 23b comprises the first external heat exchanger 18 for refrigerant
condensation provided in the middle of the bypass passage, the second orifice 19 to inflate the refrigerant condensed
in the first external heat exchanger 18 and the second external heat exchanger 18a to evaporate the liquid refrigerant
inflated by the second orifice 19 by absorbing heat therefrom.

[0293] The water heat exchange means 23b comprises the first water heat exchanger 26 to flow the engine cooling
water which flows from the water jacket of the engine 3 to the heater core 8a and the second water heat exchanger 27
to flow the engine cooling water which flows from the heater core 8ato the water jacket of the engine 3. The first external
heat exchanger 18 is disposed between the first and second water heat exchangers 26, 27 and the second water heat
exchanger 27 is disposed between the first and second external heat exchangers 18, 18a.

[0294] Such a simple structure can rapidly increase the temperature of the engine cooling water for heating the air in
the vehicle cabin by using the engine cooling water in the engine start period in a low ambient temperature.

[0295] Specifically, in the refrigeration cycle in which the engine cooling water supplied to the heater core 8a is heated
with the compressor 11 for air cooling, the engine cooling water can be heated using the first external heat exchanger
18 for refrigerant condensation. This makes it possible to rapidly increase the temperature of the engine cooling water
used for heating the air in the vehicle cabin 1 in the engine start period in a low ambient temperature. Besides, in the
refrigeration cycle it is able to accelerate the evaporation of the refrigerant in the second external heat exchanger 18a
for liquid refrigerant evaporation by heating with the engine cooling water flowing from the heater core 8a. Thus, the
refrigeration cycle for heating cooling water can be maintained over a long time.

[0296] Further, the first external heat exchanger 18 is disposed between the first and second water heat exchangers
26, 27 and the second water heat exchanger 27 is disposed between the first and second external heat exchangers 18,
18a. Because of this, the firstand second water heat exchangers 26, 27 and the first and second external heat exchangers
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18, 18a can be integrally formed to be one heat exchange means, which makes it easier to handle it and secure the
space for placing it.

[0297] Furthermore, in the vehicle air conditioning device 4c according to the present embodiment the accumulator
16 is placed at downstream of the first and second one-way valves 15, 21 by way of example. However, the present
invention should not be limited to such an example. The accumulator 16 can be placed at downstream of the first one-
way valve 15 and at upstream of a connecting portion of the second bypass refrigerant passage 18a on which the second
one-way valve 21 is placed and the fourth refrigerant passage 15a, for example. Alternatively, itcan be placed at upstream
of the second one-way valve 21.

[0298] Thus, by placement of the accumulator 16, the liquefied refrigerant gas occurring in the engine start period or
in a low temperature can be accumulated in the accumulator 16. This makes it possible to reduce loss of the heat
exchange between the first and second water heat exchangers 26, 27 constituting the water heat exchange unit 25 and
the first external heat exchanger 18 and to rapidly increase the temperature of the engine cooling water and quickly and
comfortably warm up the vehicle cabin.

Priority Claim

[0299] The present application is based on and claims priority from Patent Application No. 2009-289282, flied on
December 21, 2009 with the Japanese Patent Office, Patent Application No. 2009-003300, No. 2009-003301, No.
2009-003302, and No. 2009-003303 flied on January 9, 2009 with the Japanese Patent Office, the disclosure of which
is hereby incorporated by reference in its entirety.

Claims
1. A vehicle air conditioning device comprising:

a refrigerant circulating passage arrangement for air cooling through which refrigerant is circulated among a
compressor, a condenser for refrigerant condensation outside a vehicle cabin, a first inflation and depressuri-
zation means, an evaporator for air cooling and liquid refrigerant evaporation inside the vehicle cabin and an
accumulator in this order;

a cooling water circulating circuit for air heating configured to circulate cooling water between a heater core;
a bypass passage connected in parallel with the condenser and the evaporator and connected with the com-
pressor via the accumulator;

aswitching valve configuredto switchably make a refrigerant discharge opening of the compressorcommunicate
with either the condenser or the bypass passage; and

a heat exchange means for heating water comprising a water heat exchange means disposed in the middle of
a passage to the heater core and a refrigerant heat exchange means disposed in the middle of the bypass
passage to transfer/receive heat to/from the water heat exchange means, wherein:

the refrigerant heat exchange means comprises a heat exchange means for refrigerant condensation provided
in series in the middle of the bypass passage and a second inflation and depressutization means configured
to inflate the refrigerant condensed by the heat exchange means for refrigerant condensation;

the water heat exchange means comprises a water heat exchanger configured to flow cooling water to the
heater core; and

the heat exchange means for refrigerant condensation is configured to be able to heat the cooling water in the
water heat exchanger.

2. A vehicle air conditioning device according to claim 1, wherein
the heat exchange means for refrigerant condensation comprises first and second heat exchangers for refrigerant
condensation provided in series in the middle of the bypass passage and a third heat exchanger configured to
evaporate the refrigerant inflated by the second inflation and depressurization means by absorbing heat from the
refrigerant condensed by the second heat exchanger.

3. Avehicle air conditioning device according to claim 1, wherein
the water heat exchanger is provided in the middle of a passage through which the cooling water flows into the

heater core.

4. A vehicle air conditioning device according to claim 1, wherein
the water heat exchanger is provided in the middle of a passage through which the cooling water flows from the

26



20

25

30

35

40

45

50

55

10.

11.

12.

EP 2 383 129 A1
heater core.
A vehicle air conditioning device according to any one of claims 1 to 4, wherein:

the water heat exchange means comprises a first water heat exchanger provided in the middle of the passage
through which cooling water flows into the heater core and a second water heat exchanger provided in the
middle of the passage through which cooling water flows from the heater core; and

the first external heat exchanger is disposed between the first and second water heat exchangers.

A vehicle air conditioning device according to any one of claims 1 to 5, wherein
the second and third heat exchangers are integrally connected with each other to be heat exchangeable.

A vehicle air conditioning device according to claim 1, wherein:

the heatexchange means for refrigerant condensation comprises first and second heat exchangers for refrigerant
condensation provided in series in the middle of the bypass passage, and a third heat exchanger configured to
absorb heat from the refrigerant condensed by the second heat exchanger to evaporate the refrigerant inflated
by the second inflation and depressurization means;

the water heat exchange means comprises a water heat exchanger to flow engine cooling water which flows
between an engine water jacket and the heater core;

the first heat exchanger is configured to be able to heat the engine cooling water in the water heat exchanger;
a switching element is provided to switch among a first flow from the condenser and the first inflation and
depressurization means, a second flow from the first to second heat exchangers, and a third flow from the first
heat exchanger to the first inflation and depressurization means.

A vehicle air conditioning device according to claim 7, wherein
the switching element is disposed in the middle of a first passage between the condenser and the first inflation and
depressurization means and a second passage from the first to second heat exchangers.

A vehicle air conditioning device according to either claim 7 or 8, wherein
the water heat exchanger is provided in the middle of the passage through which cooling water flows from the engine
water jacket to the heater core.

A vehicle air conditioning device according to any one of claims 7 to 9, wherein
the third heat exchanger is integrally provided with the second heat exchanger.

A vehicle air conditioning device according to claim 7, wherein

the water heat exchange means comprises a first water heat exchanger provided in the middle of the passage
through which cooling water flows from the water jacket to the heater core and a second water heat exchanger
provided in the middle of the passage through which cooling water flows from the heater core to the water jacket;
the engine cooling water in the first water heat exchanger is heatable by the first heat exchanger for refrigerant
condensation, and the cooling water in the second heat exchanger is able to heat the refrigerant in the second heat
exchanger for refrigerant condensation;

a third passage through which a first passage between the condenser and the first inflation and depressurization
means and a second passage from the first to second heat exchangers communicate with each other is additionally
provided; and

the switching element includes a first switching element disposed between the middle of the first passage and the
third passage and a second switching element disposed between the middle of the second passage and the third
passage.

A vehicle air conditioning device according to claim 1, wherein

the heat exchange means for refrigerant condensation comprises afirst heat exchanger for refrigerant condensation
provided in series in the middle of the bypass passage and a second heat exchanger configured to absorb heat
from the refrigerant condensed by the first heat exchanger to evaporate the refrigerant inflated by the second inflation
and depressutrization means;

the water heat exchange means comprises a water heat exchanger to flow engine cooling water which flows between
an engine water jacket and the heater core; and

the water heat exchanger is disposed between the first and second heat exchangers.
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A vehicle air conditioning device according to claim 12, wherein
the engine cooling water flowing in the water heat exchanger flows from the water jacket to the heater core.

A vehicle air conditioning device according to claim 12, wherein
the engine cooling water flowing in the water heat exchanger flows from the heater core to the water jacket,

A vehicle air conditioning device according to claim 1, wherein

the heat exchange means for refrigerant condensation comprises afirst heat exchanger for refrigerant condensation
provided in series in the middle of the bypass passage and a second heat exchanger configured to absorb heat
from the reffigerant condensed by the first heat exchanger to evaporate the refrigerant inflated by the second inflation
and depressurization means;

the water heat exchange means comprises a first water heat exchanger to flow engine cooling water which flows
from an engine water jacket to the heater core and a second water heat exchanger to flow engine cooling water
which flows from the heater core to the engine water jacket; and

the first heat exchanger is disposed between the first and second water heat exchangers and the second water heat
exchanger is disposed between the first and second heat exchange means.

28



EP 2 383 129 A1

F1G.1

18b

Y10

=>

. 8a

s

N
m SIS
K -
N -
A 4 N <
Wa/\, m/\;; f WJQ
_ 2 AV
~ ~ o~
1 =
7\@ ,,ﬁw T
- - ©r

=>
>

Tb

29



6a._|

EP 2 383 129 A1

F1G.2

30’"\/

WATER
TEMPERATURE
SENSOR

AIR COOLING
SWITCH

32”"\_/

AIR HEATING
SWITCH

33’—‘\/

DEHUMIDIFYING

SWITCH

CONTROL UNIT

COMPRESSOR

THREE-WAY
ELECTROMAGNETIC| 17
VALVE

BLOWER

—~__-Ba

DOOR DRIVER

/\./661

DOOR DRIVER

’\_/801

30

DOOR DRIVER

—~_ 7b1




EP 2 383 129 A1

FI1G.4

HEAT EXCHANGE AMOUNT OF
HIGH PRESSURE: HEAT EXCHANGER

PRESSURE

COMPRESSOR’ S
OPERATION POWER

HEAT EXCHANGE AMOUNT OF//// ENTROPY
LOW PRESSURE HEAT EXCHANGER

NORMAL CYCLE OPERATION

FIG.5

HEAT EXCHANGE ANOUT OF
PRESSURE | 16 PReSSIRE HEAT EXCHIGER

COMPRESSOR’ | S
OPERATION POWER

-

/’/
HEAT EXCHANGE AMOUNT OF ENTROPY
LOW PRESSURE HEAT EXCHANGER

ALMOST NO HEAT EXCHANGE BETWEEN
GH PRESSURE AND LOW PRESSURE HEAT EXCHANGERS

31



EP 2 383 129 A1

FI1G.6

132 13 //
—1 ‘ »(5}
\@ 1S7a 13a—-
—> |
3 | (—
1lae h / o
=

17

——— 26a
T - ] 18
21 20a bk v
15a - N 28a
5 20_~ | —18a I
,/ 18b
7al 14

32



EP 2 383 129 A1

FIG.7

1la——

11—

16

15a
15

AN I
2 & > 2
99/\’/% A 1\1. &/
, Stis . %M
2 o \ { WLH
4 A & . ~—]
IR TR
[y

-]

33



EP 2 383 129 A1

FIG.8
100
<« 5 01,
182 13 }é{f /
17 e N sy
\@ 1g7a 13— [ 24b 242
.
11 3 —
] AV 4 /_/10
’ £ —— 26a
T 7 18
1 21 20a he v
15 = = ] | 28a
a
20_—~ | 18a T
15 18b
IEY 14 :
2319}%‘ €
> \A:;>
,b\ —~—_T7a
o = / - 8a |
(

34



EP 2 383 129 A1

FI1G.9

\

35



EP 2 383 129 A1

FIG.10

>
<«

}—

36



EP 2 383 129 A1

FIG.11

37



EP 2 383 129 A1

FI1G.12

E—L



EP 2 383 129 A1

F1G.13

( ——
=> Y
——7a

7{“>c.-:\:> /

39



EP 2 383 129 A1

FIG.14

40



EP 2 383 129 A1

41



EP 2 383 129 A1

FIG.16
4p
1§2 13 /
17
172 13a— ,(
\$=
a— ’ o 24a
e /"’//2%}24
11— < % 18a}
" | |1 % 3h
o1 118
16 !
€
15a J, ‘L 27a
15
20a byl ™
= N
{
I =>
.\< "\,73
== / 8a

e

42



EP 2 383 129 A1

FI1G.17
/&9_
12 13
- S é./gg}g )
17\@ 17a  13a—| {
e S g

Nt Tt
15a S < A
—~
15 20a \l 53}25
Jal 14 Wy
i L5 I
E¢ ) =
7b\’l\ —~Ta / o

1"\ _p
oo
[}

I—L

43



EP 2 383 129 A1

FIG.18

23b

18a 18

28f

101 |

}25
19 '27
24a——h\:j[ji
24

24b

8a

44



TEMPERATURE (°C)

EP 2 383 129 A1

FIG.19

1004

0 5 10 15 20 25 30 35
TIME (MINUTE)

45



EP 2 383 129 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2010/050125

A. CLASSIFICATION OF SUBJECT MATTER
B60H1/03(2006.01)1i, Be60OH1/22(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system [ollowed by classilicalion symbols)

B60H1/03, B6OH1/22

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho — 1996-2010
Kokai Jitsuyo Shinan Koho 1971-2010 Toroku Jitsuyo Shinan Koho — 1994-2010

Flectronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation ol document, with indication, where appropriate, of (he relevant passuges Relevant to claim No.
Y JP 2006-21730 A (Mitsubishi Heavy Industries, 1-15
Ltd.),

26 January 2006 (26.01.2006),

paragraphs [0008] to [0010], [0024] to [0033];
fig. 1

(Family: nocne)

Y JP 2004-21€934 A (Denso Corp.), 1-15
05 August 2004 (05.08.2004),

paragraphs [0017], [D037], [0045]; fig. 1, 2
(Family: ncne)

Y JP 10-76837 A (Calsonic Corp.), 5-15
A 24 March 1298 (24.03.1998), 1-4
paragraphs [0027], [0037] to [0039]; fig. 1 to 4
(Family: ncne)

Further documents are listed in the continuation of Box C. E’ See patent family annex.
* Special categories ol cited documents: “1”  later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“L”  ecarlier application or patent but published on or after the international “X”  document ol particular relevance; Lhe claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
citec! to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered Lo involve an inventive siep when the document is
“0”  document referring to an oral disclosure, use, exhibition or other means combined _Wllh one or more l_‘ﬂlCI _SUCh documents, such combination
“P”  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed “&”  document member of the same patent family
Date of the actual completion ol the international search Date o[ mailing o[ the international search report
04 February, 2010 (04.02.10) 16 February, 2010 (1€.02.10)
Narme and mailing address of the ISA/ Authorized officer
Japanese Patent Office
Facsimile No. Telephone No.

Form PCT/ISA/210 (second sheet) (April 2007)

46



EP 2 383 129 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2010/050125

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

20 September 1994 (20.09.1994),

paragraphs [0013], [0019], [0231]1, [0032];
fig. 1

(Family: none)

Catcgory* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2003-154841 A (Japan Climaze Systems Corp.), 1-15
27 May 2003 (27.05.2003),
paragraphs [0005], [0023] to [0025]; fig. 1
(Family: none)
A JP 2002-301929 A (Calsonic Kansei Corp.), 1-15
15 October 2002 (15.10.2002),
paragraph [0037]; fig. 1, 2
(Family: none)
A JP 6-262236 A (Calsonic Corp.), 1-15

Form PCT/ISA/210 (continuation of sccond shect) (April 2007)

47




EP 2 383 129 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2010/050125

The description in each claim lacks the clarity within the meaning
of PCT Article 6, so that the novelty and inventive step are determined
referring to the statements in the relevant portions c¢f the description
and drawings.

(1) In general, heat exchangers are configured in such a manner that
a2 high temperature fluid and a low temperature fluid exchange heat with
sach other while flowing in respective flow paths formed on both sides
of 2 heat transferpartitionwall (heat transfer surface). Ineachclaim,
it is assumed that, in general, the word "heat exchange means" is used
to nean an ordinary heat exchanger and the word "heat exchanger™ is used
to mean the flow path. However, there are statements (claim 1) that a
heat exchange means is provided with another heat exchange means and
that arefrigerant heat exchange means performs transmissionandreception
of heat to and froma water heat exchangemeans. Thus, the "heat exchange
means”" and the "heat exchanger" are nct clearly distirguished from each
other and are mixed, and therefore the use of the terms is inappropriate.

(2) In the irvention in claim 4, there is a statement that a water
heat exchanger isprovided in the middle of a flow path which leads cooling
waler [rom a healer core (Lhal 1s, Lhe waler heal exchanger 1s localed
on the downstream side of a heater core). However, claiml cited in claim
4 staces that a water heat exchange means provided with a water heat
exchanger is proviced in the middle of a f_ow path which leads coo_ing

watsr to the heater core (that is, the water heat exchance means is located

on the upstream side of the heater core). Thus, the configuration of
the invention in claim 4 is contradictory to the configuration of the
invention in clain 1. In order that the conZigurations are not

contradictory tc each other, it is necessary to limit the configuration
of the water heat exchanger to a configuration in whica, as stated in
claim 5, water upstream of tkhe heater cors is allowed to flow in the
water heat exchanger and water downstream of the heater core is also
allowed to flow in the water heat exchanger.

(3) Inthe iaventioninclaim 5, there is a statement "the first external
heat exchanger"; however, the constituting element named "external heat
exchanger" does not appear before this statement and, therefore, it is
not clear what the "external heat exchanger" is like and what the article
"the" means. Also, it is not clear what kind of state is meant by "first
extarnal heat exchanger is provided between first and second water heat
exchangers.™

(4) In the invention ir claim 6, there is a statement "the second
and third heat exchangers"; however, such configurations do not appear
before tais statement in claim 6 and are not stated in claim 1 cited
in claim 6. Therefore, it is not clear what the configurations are 1:ke.

(5) In the invention in claim 7, there is a statement "a taizd flow
from the first heat exchanger to the first expansion/pressure-reduction
means side"; however, the configuration relating to the flow path for
such a flow does not appear betfore this statement and therefore it is
not clear what the "third flow" is like. For example, the scope of the
flow path of each name and the constituticn relating to the positions
of connection between such flow paths in the statement "a third flow
path for interconnecting the first flow path and the second flow path"
(continued to next sheet)
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in claim 11 and in the statements appearing before after this stazement
are required to be clearly defined.

Also, it is stated that a "switching means"” is a means for swizching
between three flows which are a first flow, a second flow, and a third
flow; however, it s not clear what kind of means the "switching means"
is. Forexample, there is no statement about the start point of the first
flow, and the second and third flows both start from the exit of a first
heat exchanger. However, that flow path of the thirc flow which merges
with the first flow is not defined, and therefore, hcw the flow having
no cleer start point is switched is not clear.

In addition, in claim 1, there is already a statement about the
configuration of "a switching valve for switching anc connecting the
refrigerant exit of a compressor to either the condenser (correspording
to the first flow) or the bypass flow path (corresponding to the second
flow)"; however, -t is not clear what kind of relationship does the
"switching means" has with the "switching valve," nor clear whether the
"switching means" has no relationship with the "swizching valve" and
is a separate body from the "switching valve."

(6) 2 the invention in claim 8, what kind of condition "prowvided
in the middle of first and second flow patas" means is not clear. For
example, as stated above for claim 7, the presence of the configuration
relating to the flow path for interconnecting the first and second flow
paths is not stated.

(7) In the invention in claim 11, there is a statement "engine cooling
water in a first water heat exchanger is adapted to be able to be heated
by a first heat exchanger for refrigerant condensation, andengine cocling
water in “he second water heat exchanger is adapted to be able to heat
the refrigerant 1in the second heat sexchanger for refrigerant
condensation.”™ From this statement and the statement before this
statement, it can be understood that the first and second water heat
exchangers areprovidedupstreamanddownstream, respeccively, of aheater
core and that cooling water passing through the first and second water
heat exchangersis first heatedbytnhe first heat exchanger for refrigerant
condensation, is then cooled by the heater core, and finally heat the
refrigerant in the second heat exchanger for refrigerant condensation.
Also, it is understood from the statements that the temperatures of the
refrigerants in the first and second heat exchangers for refrigerant
condensation are practically the same and are constant (assuming that
each refrigerant is & single-component refrigerant and that pressure
loss is neglected) and that the coolingwater is not raised in temperature
by the first heat exchanger for reZrigerant condensation to a level which
can heat the refrigerant in the second heat exchanger for refrigerant
condensation. However, the configurations of other heat sources for
achieving the above statements and conditions relating to the elapse
of time after the start of an engine are not stated, and therefore, now
"is adaoted to be able to heat the refrigerant," which is in the statenent
above, s not clear.
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