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157) ABSTRACT 

Provided are a heat-pump cooler 1A) having a first circulation 
channel 11) and a heater circulator 1B) having a second cir- 
culation channel 1S). A water-cooling condenser 13) in the 
first circulation channel 11) is placed in the second circulation 
channel 1S), and causes the first coolant to release its heat to 
the second coolant. The second circulation channel 1S) 
includes a passage switching valve 114) for switching the 
passage between a passage passing a radiator 110) and a 
radiator bypass passage 113). During a heating operation, the 
passage switching valve 114) causes the second coolant to 
flow into the radiator bypass passage 113), and the air heated 

by a heater core 112) is introduced as air-conditioned air into 
the vehicle cabin. During a cooling operation, the passage 
switching valve 114) causes the second coolant to flow into 
the radiator 110), and the air cooled by an evaporator 16) is 
introduced as air-conditioned air into the vehicle cabin. 
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FIG. 1 
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FIG. 2 
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FIG. 4 
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FIG. 7 
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VEHICLE AIR CONDITIONING SYSTEM 

TECHNICAL FIELD 

[0001] The present invention relates to a vehicle air condi- 
tioning system capable of heating and cooling. 

BACKGROUND ART 

[0002] One of the related vehicle air conditioning systems 
is a system disclosed by Japanese Unexamined Patent Appli- 
cation Publication No. 2002-98430 (FIGS. I and 9, a fourth 
embodiment and the like). This vehicle air conditioning sys- 
tem includes: a heat-pump cooler having a first circulation 
passage in which a first coolant circulates; and a heater cir- 
culator having a second circulation passage in which a second 
coolant circulates. 
[0003] The first circulation passage in the heat-pump cooler 
includes a compressor, a radiator of an internal heat 
exchanger, a heat exchanger for cabin, an expansion valve and 
a heat exchanger for outside. The heat exchanger for cabin is 
placed inside an air conditioning duct open to the cabin. The 
first circulation passage includes various bypass channels and 
many switching valves for switching the channel of the first 
coolant. 
[0004] During a heating operation, the channel of the first 
coolant is switched so that the internal head exchanger and the 
heat exchanger for cabin function as a condenser for causing 
the first coolant to release its heat, and that the heat exchanger 
for outside functions as an evaporator for causing the first 
coolant to absorb heat. During a cooling operation, the chan- 
nel of the first coolant is switched so that the heat exchanger 
for outside functions as a condenser for causing the first 
coolant to release its heat and that the heat exchanger for 
cabin functions as an evaporator for causing the first coolant 
to absorb heat. 
[0005] The second circulation passage in the heater circu- 
lator includes a pump for circulating the second coolant, a 
heat receiver of the internal heat exchanger, and a heater core. 
The heater core is placed inside the air conditioning duct open 
to the cabin. 
[0006] The vehicle air conditioning system heats the inside 
of the vehicle cabin by using the heat exchanger for cabin of 
the heat-pump cooler and the heater core as its heat sources 
during its heating operation, and cools the inside of the 
vehicle cabin by using the heat exchanger for cabin of the 
heat-pump cooler as its cooling source during its cooling 
operation. 

[0007] However, in the related example where the heat- 

pump cooler is used for the heating and cooling operations, 
the heat-pump cooler needs many bypass passages and 
switching valves to switch the passage of the first coolant. 
This brings about a problem of making the configuration of 
the heat-pump cooler complicated. 

[0008] Furthermore, FIG. I of Japanese Unexamined 
Patent Application Publication No. 2002-98430 discloses a 
system including: a heat-pump heater having a first circula- 
tion passage in which a first coolant circulates; and a heater 
hot-water supply circulator having a second circulation pas- 
sage in which a second coolant circulates. The first circulation 
passage of the heat-pump heater includes a compressor, a 
radiator of an internal heat exchanger, a high-pressure heat 
exchanger, an expansion valve and a low-pressure heat 
exchanger. The second circulation passage of the heater hot- 
water supply circulator includes a pump, a heat receiver of the 

internal heat exchanger, and a heating heater. This system 
uses heat, produced by the heat-pump heater, through the 
high-pressure heat exchanger or the heater hot-water supply 
circulator. For this reason, this system does not need switch- 
ing the passage of the first coolant, and thereby has a simple 
configuration. However, this system is incapable of cooling. 
Moreover, this system is a heating system for household use, 
but not for vehicle use. 

DISCLOSURE OF THE INVENTION 

[0009] The present invention has been made to solve the 
above-described problems of the related art. An object of the 
present invention is to provide a system for heating and cool- 
ing by use of a heat-pump cooler, specifically, a vehicle air 
conditioning system which includes a heat-pump cooler 
whose configuration can be simplified, and accordingly has a 
simple configuration as a whole system. 
[0010] In order to accomplish the above-mentioned object, 
a first aspect of the present invention is a vehicle air condi- 
tioning system comprising: a heat-pump cooler including a 
first circulation channel for circulation of a first coolant; and 
a heating circulator including a second circulation channel for 
circulation of a second coolant, wherein the first circulation 
channel of the heat-pump cooler includes a compressor con- 
figured to compress the first coolant, a condenser disposed in 
the second circulation channel and configured to cause heat of 
the first coolant to be released to the second coolant, an 
expander 

configured 

t expand the first coolant, and an evapo- 
rator configured to cool the air by a heat exchange between 
the first coolant expanded by the expander and the air, 
wherein the second circulation channel of the heating circu- 
lator includes a pump configured to circulate the second cool- 
ant, a heater core configured to heat the air by a heat exchange 
between the second coolant and the air, and a radiator con- 
figured to cause heat of the second coolant to be released, the 
second coolant being a fluid and exchanging heat with the air 
through sensible heat transfer, wherein the radiator releases 
heat to the air outside a vehicle cabin, and wherein the evapo- 
rator and the heater core are disposed inside an air condition- 
ing duct allowing the air to be introduced by a fan into the 
vehicle cabin, the air having passed the air conditioning duct 
being introduced as air-conditioned air into the vehicle cabin. 
[0011] According to the above-described aspect of the 
present invention, the first coolant in the heat-pump cooler 
may be circulated through a constant route in the first circu- 
lation channel in both heating and cooling operations. This 
allows the heat-pump cooler to have a simple configuration. 
In addition, the heater circulator may have the configuration 
in which the second coolant receiving heat from the con- 
denser is circulated in the channel passing the heater core and 
the radiator. Thus, the vehicle air conditioning system can be 
used for both cooling and heating by releasing the heat, 
received from the condenser, to the air outside the vehicle 
cabin by the radiator, and by releasing the heat, received from 
the condenser, from the heater core to the inside of the vehicle 
cabin. Consequently, in the system for heating and cooling by 
use of the heat-pump cooler, the configuration of the heat- 

pump cooler can be simplified, and the overall configuration 
of the air conditioning system can be simple as well. Further- 
more, the coolant in the second circulation channel has sen- 
sible heat transfer while remaining as a liquid without causing 
a phase transition. This enhances the heat-transfer efficiency, 
and enables the vehicle air conditioning system to be com- 
pact. 
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[0012] The vehicle air conditioning system may further 
comprise: a radiator bypass passage configured to bypass the 
radiator; and a passage switching valve configured to switch 
passages such that the second coolant flows into any one of 
the radiator and the radiator bypass passage. 
[0013] In the above-described configuration, the channel 
can be changed selectively to allow the second coolant to pass 
or not to pass the radiator, and thereby its heating perfor- 
mance can be prevented from deteriorating. 

[0014] The vehicle air conditioning system may further 
comprise: a heater core bypass passage configured to bypass 
the heater core; and a passage switching valve configured to 
switch passages such that the second coolant flows into any 
one of the heater core and the heater core bypass passage. 
[0015] In the above-described configuration, the channel 
can be changed selectively to allow the second coolant to pass 
or not to pass the heater core, and thereby its cooling perfor- 
mance can be prevented from deteriorating. 
[0016] The second circulation channel may include a heater 
configured to heat the second coolant. 
[0017] During the heating operation, the above-described 
configuration heats air-conditioned air by using both heat 
produced in the heat-pump cooler and heat generated by the 
heater. Even when the vehicle has no large heat source con- 
figured of an engine or the like, the above-described configu- 
ration is able to exert a sufficient heating performance under 
a condition where the outdoor temperature is extremely low. 

[001S] The condenser may be provided upstream of the 
heater and downstream of the radiator, in the second circula- 
tion channel. 
[0019] According to the above-described configuration, the 
condenser whose surface temperature is lower than that o f the 
heater exchanges heat with the second coolant earlier than the 
heater, since the condenser is provided upstream of the heater. 
This makes the difference in temperature between the con- 
denser and the second coolant larger to a maximum extent, 
and accordingly enhances the heat exchange efficiency of the 
condenser. 
[0020] The vehicle air conditioning system may further 
comprise discharge means for discharging at least part of 
air-conditioned air cooled by the evaporator to the outside of 
the vehicle cabin. 
[0021] During the heating operation, the above-described 
configuration prevents lower-temperature air-conditioned air 
from being mixed with high-temperature air-conditioned air 
heated by the heater core, because the vehicle air conditioning 
system includes the discharge means for discharging at least 
part of air-conditioned air cooled by the evaporator to the 
outside of the vehicle cabin. Thus, it is possible to further 
improve the heating performance. 
[0022] The evaporator and the heater core may be provided 
in parallel to each other inside the air conditioning duct, and 
the vehicle air conditioning system may further comprise: 
separation means for separating air-conditioned air to flow 
toward the evaporator and air-conditioned air to flow toward 
the heater core; and mixture means for mixing air-condi- 
tioned air cooled by the evaporator and air-conditioned air 
heated by the heater core together with a predetermined ratio. 
[0023] The above-described configuration is capable of set- 
ting the temperature o f air-conditioned air blown out o f the air 
conditioning duct at a desired temperature on the basis of the 
passenger's temperature setting and the outdoor temperature. 
This is because the evaporator and the heater core are located 
in parallel to each other in the air conditioning duct, and 

because the vehicle air conditioning system includes: the 
separation means for separating air-conditioned air to flow 
into the evaporator and air-conditioned air to flow into the 
heater core; and the mixture means for mixing air-condi- 
tioned air cooled by the evaporator and air-conditioned air 
heated by the heater core together with a predetermined ratio. 
[0024] The fan may include a first fan configured to blow 
air-conditioned air toward the evaporator and a second fan 
configured to blow air-conditioned air toward the heater core. 
[0025] The above-described configuration has the two fans 
including the first fan for blowing air-conditioned air to the 
evaporator, and the second fan for blowing air-conditioned air 
to the heater core, and thus is capable of controlling the 
heating performance and the cooling performance of the 
vehicle air conditioning system by controlling outputs from 
the two fans. 
[0026] The vehicle air conditioning system may further 
comprise air allocation means capable of changing a mixture 
ratio between the air-conditioned air to flow toward the 
evaporator and the air-conditioned air to flow toward the 
heater core, out of the air-conditioned air blown by the first 
fan and the air-conditioned air blown by the second fan. 
[0027] The above-described configuration includes the air 
allocation means capable of changing the mixture ratio 
between the air-conditioned air to flow into the evaporator 
and the air-conditioned air to flow into the heater core, out of 
the air-conditioned air blown by the first fan and the air- 
conditioned air blown by the second fan. Accordingly, the 
vehicle air conditioning system is capable of controlling the 
amount of heated air or cooled air blown to the inside of the 
vehicle cabin, and of controlling the heating performance and 
the cooling performance with a finer tuning. Moreover, the 
vehicle air conditioning system is capable of increasing the 
maximum amount of air to be blown to the inside of the 
vehicle cabin by causing the air allocation means to fully 
close the passage on the evaporator side or the passage on the 
heater core side, and concurrently by operating the fans in 
parallel running. 

[002S] The first coolant may be carbon dioxide. 
[0029] The above-described configuration keeps the satu- 
ration pressure of the first coolant high even in an extremely 
low temperature state because the first coolant is carbon diox- 
ide, and accordingly is capable of securing the flow rate of the 
coolant more reliably. 

[0030] During a heating operation, the second coolant may 
be made to flow into the radiator bypass passage by switching 
the passage switching valve, and the air heated by the heater 
core may be introduced as air-conditioned air into the vehicle 
cabin, and during a cooling operation, the second coolant may 
be made to flow into the radiator by switching the passage 
switching valve, and the air cooled by the evaporator may be 
introduced as air-conditioned air into the vehicle cabin. 
[0031] The above-described configuration achieves a sim- 

pler configuration of the vehicle air conditioning system than 
otherwise, because the channel of the second coolant in the 
heater circulator may be changed selectively to allow the 
second coolant to pass or not to pass the radiator, on the basis 
of whether to perform the heating or cooling operation. Con- 
sequently, in the heating and cooling system using the heat- 

pump cooler, the configuration of the heat-pump cooler can 
be simplified, and the overall configuration of the air condi- 
tioning system can be simple as well. 

[0032] During a heating operation, the second coolant may 
be made to flow into the heater core by switching the passage 
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switching valve, and during a cooling operation, the second 
coolant may be made to flow into the heater core bypass 
passage by switching the passage switching valve. 

[0033] During a cooling operation, the above-described 
configuration is capable of preventing the second coolant 
from releasing its heat in the heater core. For this reason, even 
though the vehicle air conditioning system has the configu- 
ration in which air-conditioned air having passed the evapo- 
rator subsequently passes the inside of the heater core, the 
air-conditioned air cooled by the evaporator is not reheated. 

[0034] The pump may be provided at an outlet side of the 
radiator and between a position of the condenser and a con- 
fluent point where the radiator and the radiator bypass pas- 
sage come together. 

[0035] Even in a case where the second coolant flows via 
the heater core bypass passage due to failure or the like of the 

passage switching valve during the heating operation, the 
above-described configuration causes the pump to suck the 
second coolant which has flown through the radiator bypass 
passage, and whose temperature has decreased while flowing 
in the radiator bypass passage. Accordingly, the pump is 
prevented from sucking the second coolant immediately after 
the second coolant is heated by the heater, and the reliability 
and durability of the pump is enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is a system block diagram of a vehicle air 
conditioning system according to a first embodiment of the 
present invention. 

[0037] FIG. 2 is a block diagram showing how an air con- 
ditioning duct is configured when the vehicle air conditioning 
system according to the first embodiment of the present 
invention performs a heating operation. 

[003S] FIG. 3 is a block diagram showing how the air 
conditioning duct is configured when the vehicle air condi- 
tioning system according to the first embodiment of the 
present invention performs a cooling operation. 

[0039] FIG. 4 is a block diagram showing how an air con- 
ditioning duct is configured when a vehicle air conditioning 
system according to a second embodiment of the present 
invention performs a heating operation. 

[0040] FIG. 5 is a block diagram showing how the air 
conditioning duct is configured when the vehicle air condi- 
tioning system according to the second embodiment of the 
present invention performs a cooling operation. 

[0041] FIG. 6 is a system block diagram of a vehicle air 
conditioning system according to a third embodiment of the 
present invention. 

[0042] FIG. 7 is a system block diagram of a vehicle air 
conditioning system according to a fourth embodiment of the 
present invention. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

[0043] Hereinbelow, descriptions will be provided for the 
embodiments of the present invention on the basis of the 
drawings. As for the descriptions in the drawings, parts which 
are the same as or similar to one another are denoted by the 
same or similar reference numerals. Note that the drawings 

are schematic, and that relationships between thicknesses and 
flat dimensions, thickness ratios among layers and the like are 
different from the real ones. 

First Embodiment 

[0044] FIG. 1 is a system block diagram of a vehicle air 
conditioning system according to a first embodiment of the 
present invention. The vehicle air conditioning system 
according to the present embodiment is a combination of a 
heat-pump cooler A and a heater circulator B. 
[0045] The heat-pump cooler A includes a first circulation 
channel 1 in which carbon dioxide serving as a first coolant is 
filled. The heat-pump cooler A is so configured that this first 
circulation channel 1 sequentially includes a compressor 2, a 
water-cooling condenser 3 serving as a condenser, an internal 
heat exchanger 4, an expansion valve 5 serving as an 
expander, an evaporator 6, and an accumulator 7. 
[0046] The compressor 2 sucks the first coolant with rela- 
tively low temperature and pressure, and compresses the 
sucked first coolant, thus discharging the resultant first cool- 
ant as a coolant with high temperature and pressure. 
[0047] The water-cooling condenser 3 is placed inside a 
machinery housing cabin 15 in a second circulation channel 
S. The first coolant is compressed and transferred from the 
compressor 2 to the water-cooling condenser 3 so as to be 
cooled by a second coolant. In other words, heat is exchanged 
between the first coolant and the second coolant in the water- 
cooling condenser 3. Thus, the second coolant is heated by the 
first coolant. 
[004S] The internal heat exchanger 4 causes heat to be 
exchanged between the first coolant having been transferred 
from the water-cooling condenser 3 and the first coolant with 
a lower temperature having been transferred from the accu- 
mulator 7. Thereby, the first coolant having been transferred 
from the water-cooling condenser 3 is further cooled. 
[0049] The expansion valve 5 expands (decompresses) the 
first coolant having passed the internal heat exchanger 4, and 
transfers the resultant first coolant as a gas with lower tem- 
perature and pressure to the evaporator 6. 
[0050] The evaporator 6 causes heat to be exchanged 
between the first coolant having been transferred from the 
expansion valve 5 and the air passing the evaporator 6. Thus, 
the air passing the evaporator 6 is cooled by the first coolant. 
[0051] The accumulator 7 separates the first coolant having 
been transferred from the evaporator 6 into the first gas-phase 
coolant and the first liquid-phase coolant. Thus, the accumu- 
lator 7 transfers only the first gas-phase coolant to the internal 
heat exchanger 4, and temporarily reserves the first liquid- 
phase coolant in the accumulator 7. 
[0052] The heater circulator B includes the second circula- 
tion channel S in which liquids including water and an anti- 
freeze as the second coolant are filled. This second circulation 
channel S sequentially includes a pump 9, a radiator 10, the 
machinery housing cabin 15 and a heater core 12. The 
machinery housing cabin 15 is a space whose cross-sectional 
area is larger than that of the second circulation channel S. 
The water-cooling condenser 3 and an electric heater 11 serv- 
ing as a heater are housed inside the machinery housing cabin 
15. 
[0053] In order to circulate the second coolant in the second 
circulation channel S, the pump 9 compresses the second 
coolant which the pump 9 sucks, and transfers the resultant 
second coolant. The liquid coolant resulting from being com- 
pressed by and transferred from the pump 9 circulates in the 
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second circulation channel S while remaining in the liquid 
phase without changing its liquid phase, and thus changes in 
sensible heat through heat exchange. 
[0054] The radiator 10 causes the second coolant to release 
its heat to the external air. To this end, the external air is blown 
to the radiator 10 by an electrically-powered fan and a wind 
occurring while the vehicle is running. Thus, heat is 
exchanged between the second coolant and the external air. 

[0055] The electric heater 11 is provided downstream of the 
water-cooling condenser 3. When electrified, the electric 
heater 11 generates heat, and thus heats the second coolant. 
[0056] The heater core 12 causes heat to be exchanged 
between the second coolant and the air passing the heater core 
12, and thus heats the air passing the heater core 12. 
[0057] The second circulation channel S includes a radiator 
bypass passage 13 bypassing the radiator 10. The flow of the 
second coolant can be switched to the radiator 10 or the 
radiator bypass passage 13 by switching a passage switching 
valve 14 provided upstream o f the radiator bypass passage 13. 
[005S] Next, descriptions will be provided for how the 
vehicle air conditioning system according to the first embodi- 
ment operates during its heating operation and during its 
cooling operation. 
[0059] During the heating operation and the cooling opera- 
tion, the heat-pump cooler A operates, and the first coolant 
circulates through a constant route in the first circulation 
channel. Thus, the second coolant is heated by the first cool- 
ant which flows in the water-cooling condenser 3, and whose 
temperature is higher than that of the second coolant. 
[0060] During the heating operation, the air passing the 
heater core 12 is heated because the second coolant whose 
temperature becomes higher as a result of being heated by the 
water-cooling condenser 3 flows in the heater core 12. 
Thereby, warm air can be taken into the vehicle cabin. Addi- 
tionally, in order to prevent heat from being further released 
from the second coolant having released its heat in the heater 
core 12, the second coolant is made to flow into the radiator 
bypass passage 13 by switching the passage switching pas- 
sage 14. With this, the second coolant is heated by the water- 
cooling condenser 3 once again without releasing its heat in 
the radiator 10. 
[0061] During this heating operation, once the electric 
heater 11 is turned on, the second coolant having been heated 

by the water-cooling condenser 3 is further heated by the 
electric heater 11. Thereby, the vehicle air conditioning sys- 
tem can obtain a higher heating performance. The air passing 
the evaporator 6 is cooled by the evaporator 6. For this reason, 
the air having passed the evaporator 6 is not made to flow into 
the vehicle cabin, but is discharged to the engine room and the 
like. 

[0062] During the cooling operation, the electric heater 11 
is turned off and the passage switching valve 14 is switched to 
cause the second coolant to flow into the radiator 10. With 
this, the second coolant having absorbed heat in the water- 
cooling condenser 3 can release its heat in the radiator 10. 
[0063] Specifically, the vehicle air conditioning system 
performs its cooling operation by operating the heat-pump 
cooler A, and concurrently the second coolant is heated by the 
water-cooling condenser 3. When the air condition system 
needs heat produced by the heater core 12, warm air having 
passed the heater core 12 is taken into the vehicle cabin. When 
the air conditioning system needs no heat from the second 
coolant, the passage switching valve 14 is switched such that 
the second coolant releases its heat in the radiator 10. In 

addition, when the vehicle air conditioning system performs 
its heating operation efficiently with its best performance, the 
passage switching valve 14 is switched such that the second 
coolant passes the radiator bypass passage 13 without passing 
the radiator 10. 
[0064] Next, descriptions will be provided for the configu- 
ration of an air conditioning duct 20 in the vehicle air condi- 
tioning system according to the first embodiment by referring 
to FIGS. 2 and 3. FIGS. 2 and 3 are schematic block diagrams 
each showing the configuration of the air conditioning duct 
20. FIG. 2 shows how the air conditioning duct 20 is config- 
ured during the heating operation. FIG. 3 shows how the air 
conditioning duct 20 is configured during the cooling opera- 
tion. 

[0065] The air conditioning duct includes a blower fan 21. 
The blower fan 21 takes internal air or external air into the air 
conditioning duct 20, and blows the air from the air condi- 
tioning duct 20 to the vehicle cabin. Part of the inside of the air 
conditioning duct 20 is separated into two parallel passages 
23, 24 by partitioning plate 22 serving as separation means. 
The evaporator 6 is provided in one passage 23, whereas the 
heater core 12 is provided in the other passage 24, in such a 
way that the evaporator 6 and the heater core 12 are in parallel 
to each other. Thereby, out of air-conditioned air taken into 
the air conditioning duct 20, part of the air-conditioned air to 
flow into the passage 23 is cooled by the evaporator 6, the 
other part of the air-conditioned air to flow into the passage 24 
is heated by the heater core 12. 
[0066] A mixture door 25 serving as mixture means is 
provided downstream of the partitioning plate 22. The mix- 
ture door 25 is a valve capable of closing the passage 23 on the 
side of the evaporator 6 or the passage 24 on the side of the 
heater core 12. A bypass door 26 is provided in a part of the 
side panel o f the air conditioning duct 20, and the bypass door 
26 causes the air condition duct 20 to communicate with the 
outside of the vehicle cabin, for instance, the engine room. 
When the mixture door 25 closes the passage 23 on the side of 
the evaporator 6, the bypass door 26 opens, and thus the 
air-conditioned air having been cooled by the evaporator 6 is 
discharged to the outside of the vehicle cabin. Multiple mode 
doors 27 serving as air allocation means are provided in the 
downstream end of the air conditioning duct 20, and the 
multiple mode doors 27 cause the air conditioning duct 20 to 
communicate with the vehicle cabin. By changing the com- 
bination of mode doors 27 to be opened, the air-conditioned 
air can be blown to a desired position in the vehicle cabin. 

[0067] Next, descriptions will be provided for how the air 
conditioning duct 20 operates during the heating operation 
and during the cooling operation. 

[006S] During the heating operation, as shown in FIG. 2, 
the low-temperature air-conditioned air passed the evaporator 
6 is discharged to the outside of the vehicle cabin by closing 
the passage 23 on the side of the evaporator 6 by use of the 
mixture door 25, and concurrently by opening the bypass 
door 26. In addition, the high-temperature air-conditioned air 
passed the heater core 12 is blown into the inside of the 
vehicle cabin by opening at least one of the mode doors 27. 
[0069] During the cooling operation, as shown in FIG. 3, 
the passage 24 on the heater core 12 is closed by the mixture 
door 25. In addition, the bypass door 25 is closed, and at least 
one of the mode doors 27 is opened. Thereby, the low-tem- 
perature air-conditioned air passed the evaporator 6 is blown 
into the inside of the vehicle cabin. 
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[0070] Moreover, during the heating operation and during 
the cooling operation, the mixture ratio between the low- 
temperature air-conditioned air resulting from passing the 
evaporator 6 and the high-temperature air-conditioned air 
resulting from passing the heater core 12 can be changed by 
controlling the opening of the mixture door 25. This makes it 
possible to control the temperature of the air-conditioned air 
to be blown into the inside of the vehicle cabin. 
[0071] In the first embodiment, as described above, the first 
coolant in the heat-pump cooler A may be circulated through 
the constant route in the first circulation channel 1 for both the 
heating and cooling operations. In addition, the heater circu- 
lator B may have the configuration in which the second cool- 
ant which receives heat from the water-cooling condenser 3 is 
circulated in the channel passing the heater core 12 and the 
radiator 10. Then, in the first embodiment, the vehicle air 
conditioning system can be used for both cooling and heating 
by causing the heat received from the water-cooling con- 
denser 3 to be released to the air outside the vehicle cabin by 
the radiator 10, and by causing the heat received from the 
water-cooling condenser 3 to be released from the heater core 
12 to the inside of the vehicle cabin. Consequently, in the 
system for heating and cooling by use of the heat-pump cooler 
A, the configuration of the heat-pump cooler A can be sim- 

plified, and the overall configuration of the air conditioning 
system can be simple as well. 

[0072] Furthermore, the coolant in the second circulation 
channel remains a liquid, and accordingly does not change its 
phase. The coolant changes its sensible heat. This enhances 
the heat-transfer efficiency of the vehicle air conditioning 
system, and accordingly enables the vehicle air conditioning 
system to be compact. 
[0073] In the first embodiment, the second circulation 
channel S includes: the radiator bypass passage 13 bypassing 
the radiator 10; and the passage switching valve 14 for 
switching the passage such that the second coolant flows into 
the radiator 10 or the radiator bypass passage 13. In the first 
embodiment, the channel can be changed selectively to allow 
the second coolant to pass or not to pass the radiator 10. 
Accordingly, the vehicle air conditioning system is capable of 
preventing its heating performance from decreasing. 

[0074] In the first embodiment, during the heating opera- 
tion, the air-conditioned air can be heated by using both heat 
produced in the heat-pump cooler A and heat generated by the 
electric heater 11. Thus, the vehicle air conditioning system is 
able to exert a sufficient heating performance even under a 
condition where the outdoor temperature is extremely low, 
even when the vehicle has no large heat source configured of 
an engine or the like, the above-described configuration is 
able to exert a sufficient heating performance under a condi- 
tion where the outdoor temperature is extremely low. 

[0075] In the first embodiment, the condenser 3 is of a 
water-cooling type. Because the condenser 3 has a heat trans- 
fer efficiency which is better than that of an air-cooling con- 
denser, the condenser 3 can be compact, and the passage 
resistance of the first coolant can be reduced. This makes it 
possible to reduce an electric power needed for the compres- 
sor 2 to such an extent that the passage resistance is reduced, 
and accordingly to save the driving force of the compressor 2, 
as well as enabling the compressor 2 to be compact. 
[0076] Moreover, because the water-cooling condenser 3 is 
placed upstream of the electric heater 11, the water-cooling 
condenser 3 whose surface temperature is lower than that of 
the electric heater 11 exchanges heat with the second coolant 

earlier than the electric heater 11 exchanges heat with the 
second coolant. This makes the difference in temperature 
between the water-cooling condenser 3 and the second cool- 
ant larger to a maximum extent, and accordingly enhances the 
heat exchange efficiency of the water-cooling condenser 3. 
[0077] In addition, during the heating operation, the air- 
conditioned air having passed the evaporator 6 is discharged 
to the outside of the vehicle cabin through the air conditioning 
duct 20 by causing the mixture door 25 to close the passage 23 
on the side of the evaporator 6, and concurrently by opening 
bypass door 26. This prevents the low-temperature air-con- 
ditioned air from being mixed with the high-temperature 
air-conditioned air heated by the heater core 12, and accord- 
ingly enhances the heating performance of the vehicle air 
conditioning system. 
[007S] Furthermore, the air-conditioned air cooled by the 
evaporator 6 and the air-conditioned air heated by the heater 
core 12 can be mixed with a predetermined ratio by changing 
the opening of the mixture door 25. Thus, the temperature of 
air-conditioned air blown out of the air conditioning duct can 
be set at a desired temperature on the basis of the passenger's 
temperature setting and the outdoor temperature. 
[0079] Moreover, because carbon dioxide is used as the first 
coolant, the saturation pressure of the first coolant can be kept 
high, and the flow rate of the coolant can be secured more 
reliably. 

Second Embodiment 

[00SO] The second embodiment is the same as the first 
embodiment in that the vehicle air conditioning system is 
configured by including the heat-pump cooler A and the 
heater circulator B. However, the second embodiment is dif- 
ferent from the first embodiment in terms of the configuration 
of the air conditioning duct 20. FIGS. 4 and 5 are schematic 
block diagrams each showing the configuration of the air 
conditioning duct 20. FIG. 4 shows how the air conditioning 
duct 20 is configured during a heating operation. FIG. 5 
shows how the air conditioning duct 20 is configured during 
a cooling operation. 
[00S1] Two blower fans 30, 31 are provided in parallel with 
each other in the air conditioning duct 20 according to the 
second embodiment. The two blower fans 30, 31 are provided 
there in such a way that one blower fan 30 can easily blow the 
air to the passage 23 on the side of the evaporator 6, whereas 
the other blower fan 31 can easily blow the air to the passage 
24 on the side of the heater core 12. An air allocation door 32 
is provided upstream of the partitioning plate 22. The air 
allocation ratio between the amount of air from one blower 
fan 30 and the amount of air from the other blower fan 31 can 
be changed by changing the angle of the air allocation door 
32. 
[00S2] During the heating operation, as shown in FIG. 4, 
low-temperature air-conditioned air having passed the evapo- 
rator 6 is discharged to the outside of the vehicle cabin by 
causing the mixture door 25 to close the passage 23 on the 
side of the evaporator 6, and concurrently by opening the 
bypass door 26. Furthermore, high-temperature air-condi- 
tioned air having passed the heater core 12 is blown to the 
inside of the vehicle cabin by opening at least one of the mode 
doors 27. 
[00S3] During the cooling operation, as shown in FIG. 5, 
the passage 24 on the side of the heater core 12 is closed by the 
mixture door 25. Furthermore, low-temperature air-condi- 
tioned air having passed the evaporator 6 is blown to the 



US 2010/0000713 A1 Jan. 7, 2010 

inside of the vehicle cabin by closing the bypass door 26, and 
concurrently by opening at least one of the mode doors 27. 
[00S4] Moreover, the angle of the air allocation door 32 is 
changed so as to change the air allocation ratio between the air 
blown to the passage 23 on the evaporator 6 side and the air 
blown to the passage 24 on the heater core 12 side. Thus, the 
amount of warm or cold air to be blown to the inside of the 
vehicle cabin can be controlled. For instance, during a full 
cool operation, as shown in FIG. 5, the passage 24 on the 
heater core 12 side is fully closed by the air allocation door 25. 
Thus, all the amount of air from the blower fans 30, 31 can be 
blown to the evaporator 6 side, and subsequently to the inside 
of the vehicle cabin. 
[00S5] In addition, the amount of cold air from the evapo- 
rator 6 side and the amount of warm air from the heater core 
12 side can be controlled by controlling the two blower fans 
30, 31. This also makes it possible to control the temperature 
of the air to be blown to the inside of the vehicle cabin, and 
accordingly to control the heating performance and the cool- 
ing performance of the vehicle air conditioning system. 
[00S6] In the second embodiment, the two blower fans 30, 
31 are provided in the air conditioning duct 20: one blower fan 
30 blows the air to the evaporator 6; and the other fan 31 blows 
the air to the heater core 12. Consequently, the heating per- 
formance and the cooling performance can be controlled by 
controlling outputs from the respective two blower fans 30, 
31. 
[00S7] Furthermore, the angle of the air allocation door 32 
is changed so as to change the air allocation ratio between the 
air blown to the passage 23 on the evaporator 6 side and the air 
blown to the passage 24 on the heater core 12 side. Thus, the 
amount of warm or cold air to be blown to the inside of the 
vehicle cabin can be controlled, and thereby the heating per- 
formance and the cooling performance can be controlled with 
a finer tuning. Moreover, it is possible to increase the maxi- 
mum amount of air to be blown to the inside of the vehicle 
cabin by causing the air allocation door 32 to fully close the 
passage 23 on the evaporator 6 side or the passage 24 on the 
heater core 12 side, and concurrently by causing the blower 
fans 30, 31 to operate at the same time. 

Third Embodiment 

[00SS] FIG. 6 is a system block diagram of a vehicle air 
conditioning system according to a third embodiment. As 
shown in FIG. 6, the comparison between the third embodi- 
ment and the first embodiment shows that, in the third 
embodiment, a passage switching valve 42 is provided 
between the expansion valve 5 and the evaporator 6. The 
passage switching valve 42 allows the first coolant to return to 
the evaporator 6 after passing a motor 40 and an inverter 41. 
[00S9] The rest of the configuration of the third embodi- 
ment is the same as that of the first embodiment. For this 
reason, the same components are denoted by the same refer- 
ence numerals, and descriptions thereof are omitted. 
[0090] During a heating operation, the passage is switched 

by use of the passage switching valve 42 such that the first 
coolant having passed the expansion valve 5 can be trans- 
ferred to the evaporator 6 after passing the motor 40 and the 
inverter 41. This heats the second coolant with heat generated 
in the motor 40 and the inverter 41, and accordingly enhances 
the heating performance further. 

Fourth Embodiment 

[0091] FIG. 7 is a system block diagram of a vehicle air 
conditioning system according to a fourth embodiment. In the 

fourth embodiment, the second circulation channel S 
includes: a heater core bypass passage 50 bypassing the 
heater core 12; and a passage switching valve 51 for switch- 
ing the passage such that the second coolant flows into the 
heater core 12 or the heater core bypass passage 50. Thus, the 
second coolant is controlled by switching the passage switch- 
ing valve 51 such that the second coolant flows into the heater 
core 12 during the heating operation. In addition, the second 
coolant is controlled by switching the passage switching 
valve 51 such that the second coolant flows into the heater 
core bypass passage 50 during the cooling operation. 

[0092] The pump 9 is provided between a position where 
the water-cooling condenser 3 is placed and a point which is 
at the outlet side of the radiator 10, and which is a confluent 
point a where the radiator 10 and the radiator bypass passage 
13 come together. 

[0093] The rest of the configuration of the fourth embodi- 
ment is the same as that of the first embodiment. For this 
reason, the same components are denoted by the same refer- 
ence numerals, and descriptions thereof are omitted. 

[0094] In the fourth embodiment, the second coolant can be 
prevented from releasing its heat in the heater core 12 during 
a cooling operation. For this reason, even though the vehicle 
air conditioning system has the configuration in which air- 
conditioned air having passed the evaporator 6 subsequently 
passes the inside of the heater core, the air-conditioned air 
cooled by the evaporator 6 is not reheated. 

[0095] In the fourth embodiment, even if the second cool- 
ant flows via the heater core bypass passage 50 due to failure 
or the like of the passage switching valve 51 during a heating 
operation, the pump 9 sucks the second coolant which flows 
in the radiator bypass passage 13, and whose temperature 
decreases in the process of the second coolant's pass of the 
radiator bypass passage 13. Thereby, the pump 9 can be 
prevented from sucking the high-temperature second coolant 
immediately after the second coolant is heated by the electric 
heater 11. This enhances the reliability and durability of the 
pump 9. 
[0096] The pump 9 may be provided in a position between 
the water-cooling condenser 3 and the electric heater 11. 

(Modifications) 

[0097] In the above-described embodiments, the electric 
heater 11 is used as the heater. However, even if a burning 
heater is used as the heater, the same operation effect can be 
obtained. 

[009S] In the above-described embodiments, carbon diox- 
ide is used as the first coolant, while liquids including water 
and an antifreeze are used as the second coolant. However, 
other substances may be used as the coolants. 

[0099] In the above-described embodiments, the evapora- 
tor 6 and the heater core 12 inside the air conditioning duct 20 
are placed in parallel to each other. However, the evaporator 6 
and the heater core 12 may be placed in series in a way that the 
evaporator 6 is located upstream of the heater core 12 to 
enhance the dehumidifying/heating effect. In addition, 
although not illustrated, the air to be introduced to the blower 
fans 21, 30, 31 can be introduced from the inside or the 
outside of the vehicle cabin depending on the necessity. In a 
case where the air having been cooled while passing the 
evaporator 6 is discharged to the engine room and the like, it 
is desirable to introduce the air from the outside of the vehicle 
correspondingly to the discharge. 
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[0100] The foregoing descriptions have been provided for 
the present invention on the basis of the embodiments. How- 
ever, the present invention is not limited to these embodi- 
ments. The configuration of each part may be replaced with an 
arbitrary configuration having the same function. 

INDUSTRIAL APPLICABILITY 

[0101] It is possible to provide the system for heating and 
cooling by use of the heat-pump cooler, specifically, the 
vehicle air conditioning system which enables the configura- 
tion of the heat-pump cooler to be simplified, and which 
accordingly has a simple overall configuration as the air con- 
ditioning system. 

1. A vehicle air conditioning system comprising: 
a heat-pump cooler including a first circulation channel for 

circulation of a first coolant; and 
a heating circulator including a second circulation channel 

for circulation of a second coolant, 
wherein the first circulation channel of the heat-pump 

cooler includes 
a compressor configured to compress the first coolant, 
a condenser disposed in the second circulation channel 

and configured to cause heat of the first coolant to be 
released to the second coolant, 

an expander configured to expand the first coolant, and 
an evaporator configured to cool the air by a heat 

exchange between the first coolant expanded by the 
expander and the air, 

wherein the second circulation channel of the heating cir- 
culator includes 
a pump configured to circulate the second coolant, 
a heater core configured to heat the air by a heat 

exchange between the second coolant and the air, and 
a radiator configured to cause heat of the second coolant 

to be released, the second coolant being a fluid and 
exchanging heat with the air through sensible heat 
transfer, 

wherein the radiator releases heat to the air outside a 
vehicle cabin, and 

wherein the evaporator and the heater core are disposed 
inside an air conditioning duct allowing the air to be 
introduced by a fan into the vehicle cabin, the air having 
passed the air conditioning duct being introduced as 
air-conditioned air into the vehicle cabin. 

2. The vehicle air conditioning system according to claim 
1, further comprising: 

a radiator bypass passage configured to bypass the radiator; 
and 

a passage switching valve configured to switch passages 
such that the second coolant flows into any one of the 
radiator and the radiator bypass passage. 

3. The vehicle air conditioning system according to claim 
1, further comprising: 

a heater core bypass passage configured to bypass the 
heater core; and 

a passage switching valve configured to switch passages 
such that the second coolant flows into any one of the 
heater core and the heater core bypass passage. 

4. The vehicle air conditioning system according to claim 
1, wherein the second circulation channel includes a heater 
configured to heat the second coolant. 

5. The vehicle air conditioning system according to claim 
4, wherein the condenser is provided upstream of the heater 
and downstream of the radiator, in the second circulation 
channel. 

6. The vehicle air conditioning system according to claim 
1, further comprising discharge means for discharging at least 
part of air-conditioned air cooled by the evaporator to the 
outside of the vehicle cabin. 

7. The vehicle air conditioning system according to claim 
1, 

wherein the evaporator and the heater core are provided in 
parallel to each other inside the air conditioning duct, 

the vehicle air conditioning system further comprising: 
separation means for separating air-conditioned air to 

flow toward the evaporator and air-conditioned air to 
flow toward the heater core; and 

mixture means for mixing air-conditioned air cooled by 
the evaporator and air-conditioned air heated by the 
heater core together with a predetermined ratio. 

S. The vehicle air conditioning system according to claim 
1, wherein the fan includes a first fan configured to blow 
air-conditioned air toward the evaporator and a second fan 
configured to blow air-conditioned air toward the heater core. 

9. The vehicle air conditioning system according to claim 
S, further comprising air allocation means capable of chang- 
ing a mixture ratio between the air-conditioned air to flow 
toward the evaporator and the air-conditioned air to flow 
toward the heater core, out of the air-conditioned air blown by 
the first fan and the air-conditioned air blown by the second 
fan. 

10. The vehicle air conditioning system according to claim 
1, wherein the first coolant is carbon dioxide. 

11. The vehicle air conditioning system according to claim 
2, wherein 

during a heating operation, the second coolant is made to 
flow into the radiator bypass passage by switching the 

passage switching valve, and the air heated by the heater 
core is introduced as air-conditioned air into the vehicle 
cabin, and 

during a cooling operation, the second coolant is made to 
flow into the radiator by switching the passage switching 
valve, and the air cooled by the evaporator is introduced 
as air-conditioned air into the vehicle cabin. 

12. The vehicle air conditioning system according to claim 
3, wherein 

during a heating operation, the second coolant is made to 
flow into the heater core by switching the passage 
switching valve, and 

during a cooling operation, the second coolant is made to 
flow into the heater core bypass passage by switching the 
passage switching valve. 

13. The vehicle air conditioning system according to claim 
12, wherein the pump is provided at an outlet side of the 
radiator and between a position of the condenser and a con- 
fluent point where the radiator and the radiator bypass pas- 
sage come together. 
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