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VEHICLE AIR-CONDITIONING SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims benefit of the filing
date of Japanese Patent Application No. 2007-287970 filed on
Nov. 6, 2007 which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to suppression of dew
condensation in heating operation of a vehicle air-condition-
ing system.

DESCRIPTION OF THE RELATED ART

[0003] As a prior art vehicle air-conditioning system, JP
2992779 B2 discloses a vehicle air-conditioning system in
which an air-conditioning operation is changed between
cooling operation and heating operation by actuating a four-
way valve so as to reverse a flow direction of a refrigerant in
a pipe and to reverse roles of an evaporator (heat exchanger
for heat-absorbing) and a condenser (heat exchanger for heat-
radiating) (see [0016]-[0020]). In this vehicle air-condition-
ing system, the refrigerant is circulated by expanding a high-
pressure gas discharged from a compressor with an electric
expansion valve and by introducing the gas into the compres-
sor again after absorbing heat from an air for air-conditioning
at the evaporator or radiating heat to the air for air-condition-
ing at the condenser. Therefore, the refrigerant is kept at high
pressure until the refrigerant is expanded by the electric
expansion valve, and requires all pipes to be pressure-resis-
tant (e.g., radially thick) because the flow direction of the
refrigerant in cooling operation is different from that in heat-
ing operation.

[0004] In addition, other than the vehicle air-conditioning
system described in JP 2992779 B2, as a prior art vehicle
air-conditioning system, JP 10-100662 A discloses a vehicle
air-conditioning system in which the flow direction of the
refrigerant in cooling operation is the same as that in heating
operation (see [0034]-[0052]). In this vehicle air-condition-
ing system, unlike the vehicle air-conditioning system
described in JP 2992779 B2, the refrigerant can be circulated
without making all pipes to be pressure-resistant (i.e., without
making the other pipes than those used in a path from the
compressor to the expansion valve to be pressure-resistant).

[0005] Further, in this vehicle air-conditioning system, the
air for air-conditioning is supplied to a front seat or a rear seat
of the vehicle via the condenser in heating operation, and is
supplied to the front seat or the rear seat of the vehicle via the
evaporator in cooling operation. Also, JP 10-100662 A dis-
closes the vehicle air-conditioning system in which a pipe
having units (condenser, evaporator) to exchange heat with
the air for air-conditioning supplied to the front seat and
another pipe having other units (condenser, evaporator) to
exchange heat with the air for air-conditioning supplied to the
rear seat are connected in parallel, and each of the pipes
connected in parallel is provided with the condenser and the
evaporator (see FIG. 4).

[0006] In addition, in heating operation, a temperature of
the air for air-conditioning supplied to the front seat is once
decreased by passing by the evaporator, and is increased by
passing by the condenser. The reason why the temperature of
the air for air-conditioning is once decreased by passing by
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the evaporator is that a moisture contained in the air intro-
duced from the outside of the vehicle should be removed (i.e.,
dehumidified).

[0007] As described above, comparing the prior art vehicle
air-conditioning system described in JP 10-100662 A to that
described in JP 2992779 B2, it is possible to reduce a manu-
facturing cost because not all pipes should be pressure-resis-
tant. However, in the prior art vehicle air-conditioning system
described in JP 10-100662 A, when heating operation is per-
formed in succession, and especially when a temperature of
an outside air is low, a problem arises that a dew condensation
occurs at the evaporator by which the air for air-conditioning
supplied to the front seat passes, and that when a dew con-
densation water is frozen at the evaporator, the operation can
not be restarted until the dew condensation water is melted.
[0008] Also, as described above, JP 10-100662 A discloses
the prior art vehicle air-conditioning system in which a pipe
having an evaporator to absorb heat from the air for air-
conditioning supplied to the front seat and another pipe hav-
ing an evaporator to absorb heat from the air for air-condi-
tioning supplied to the rear seat are connected in parallel.
With this configuration, when an amount of absorbed heat of
one evaporator is greater than that of another evaporator (that
is, when an amount of evaporation of a refrigerant of one
evaporator is greater than that of another evaporator), a resis-
tance to the refrigerant flow of one evaporator becomes
greater than that of another evaporator. As a result, because
much refrigerant flows through another evaporator while few
refrigerant flows through one evaporator, a problem arises
that enough heating capacity can not be obtained at one
evaporator.

[0009] Further, as shown in FIG. 4, JP 10-100662 A dis-
closes the prior art vehicle air-conditioning system in which
the pipe having the units (condenser, evaporator) to exchange
heat with the air for air-conditioning supplied to the front seat
and the other pipe having the other units (condenser, evapo-
rator) to exchange heat with the air for air-conditioning sup-
plied to the rear seat are provided with expansion valves
respectively. That is, being provided with a plurality of the
expansion valves requires more manufacturing cost than that
of being provided with only one expansion valve.

[0010] Therefore, the present invention aims at providing
the vehicle air-conditioning system to achieve the following
objects (1)-(3), i.e.,

(1) to suppress an occurrence of the dew condensation at the
evaporator in successive heating operation,

(2) to obtain enough heating capacity in heating operation,
and

(3) to reduce the manufacturing cost.

SUMMARY OF THE INVENTION

[0011] Inorderto achieve the above objects, in accordance
with a first aspect of the present invention, there is provided a
vehicle air-conditioning system including: a first condenser
in which a refrigerant circulates and exchanges heat with an
outside air; a decompressing means (automated expansion
valve) for decompressing the refrigerant exhausted from the
first condenser; a first evaporator (radiator) in which the
refrigerant passing through the decompressing means
exchanges heat with an air for air-conditioning; a compressor
disposed downstream of the first evaporator; a second con-
denser in which the refrigerant exhausted from the compres-
sor exchanges heat with the air for air-conditioning with
which the first evaporator exchanges heat; a second con-
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denser air bypass means to supply the air for air-conditioning
with which the first evaporator exchanges heat to a vehicle
interior without exchanging heat at the second condenser; a
bypass means control unit (ECU) to control the second con-
denser air bypass means such that the supplied air for air-
conditioning bypasses/passes by the second condenser in
cooling/heating operation, the first evaporator and the second
condenser are disposed in series with a flow path of the air for
air-conditioning, an air-conditioning operation is changed
between cooling operation and heating operation by control-
ling with the bypass means control unit; and a second evapo-
rator disposed in a flow path of the refrigerant between the
decompressing means and the first evaporator, a temperature
of the second evaporator is higher than that of the refrigerant
decompressed by the decompressing means, and a heat
exchange is performed between a fluid having a temperature
higher than that of the air for air-conditioning with which the
first evaporator exchanges heat and the refrigerant passing
through the decompressing means.

[0012] By such a structure, in heating operation, because
the refrigerant flowing into the first evaporator is heated at the
second evaporator so as to reduce the absorbed heat at the first
evaporator, itis possible to suppress the occurrence of the dew
condensation at the first evaporator. Further, in heating opera-
tion, because the refrigerant flowing into the first evaporator
is heated by a fluid having higher temperature than those of
the refrigerant and the air for air-conditioning at the second
evaporator, it is possible to obtain enough heating capacity.
Also, because the only one decompressing means is provided,
it is possible to reduce the manufacturing cost.

[0013] In accordance with a second aspect of the present
invention, there is provided a vehicle air-conditioning system
including a second evaporator bypass path through which the
refrigerant decompressed by the decompressing means
bypasses the second evaporator and flows into the first evapo-
rator in cooling operation.

[0014] Being provided with the second evaporator bypass
path, by controlling the vehicle air-conditioning system so as
to bypass the second evaporator in cooling operation, it is
possible to obtain a cooling efficiency comparable to that of
the vehicle air-conditioning system having only the first
evaporator because there is no increase in a temperature of the
refrigerant by the second evaporator even if the first and
second evaporators are provided.

[0015] In accordance with a third aspect of the present
invention, there is provided a vehicle air-conditioning system
in which the fluid which exchanges heat with the refrigerant
at the second evaporator is an air exhausted from the vehicle
interior.

[0016] By using the air exhausted from the vehicle interior
as the fluid which exchanges heat with the refrigerant, it is
possible to prevent the occurrence of the dew condensation
and a freeze of the dew condensation water at the first evapo-
rator. The reason is that the first and second evaporators
absorb heat at a start time of heating operation because a
temperature difference between the interior and the outside of
the vehicle is small, and as the interior temperature increases,
the second evaporator mainly absorbs heat and the first evapo-
rator absorbs less heat. Also, there is no need to provide a heat
source to exchange heat with the second evaporator because
the air exhausted from the vehicle interior can be reused as it
is.

[0017] In accordance with a fourth aspect of the present
invention, there is provided a vehicle air-conditioning system
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in which the fluid which exchanges heat with the refrigerant
at the second evaporator is a coolant used in an engine or fuel
cell.

[0018] By usingthe coolant used in the engine or fuel cell as
the fluid which exchanges heat with the refrigerant, it is
possible to prevent the occurrence of the dew condensation
and a freeze of the dew condensation water at the first evapo-
rator. Because as a temperature of the coolant used in the
engine or fuel cell increases, the second evaporator mainly
absorbs heat and the first evaporator absorbs less heat. Also,
there is no need to provide a heat source to exchange heat with
the second evaporator because an exhaust heat from the cool-
ant (heated coolant) used in the engine or fuel cell can be
reused as it is.

[0019] In accordance with a fifth aspect of the present
invention, there is provided a vehicle air-conditioning system
in which the fluid which exchanges heat with the refrigerant
at the second evaporator is an exhaust gas from the fuel cell.
[0020] By using the exhaust gas from the fuel cell as the
fluid which exchanges heat with the refrigerant, it is possible
to prevent the occurrence of the dew condensation and a
freeze of the dew condensation water at the first evaporator.
Because as a temperature of the exhaust gas from the fuel cell
increases with increasing in a temperature of the fuel cell, the
second evaporator mainly absorbs heat and the first evapora-
tor absorbs less heat. Also, there is no need to provide a heat
source to exchange heat with the second evaporator because
heat of the exhaust gas from the fuel cell can be reused as it is.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The object and features of the present invention will
become more readily apparent from the following detailed
description taken in conjunction with the accompanying
drawings in which:

[0022] FIG. 1 is a block diagram of a first embodiment of
the vehicle air-conditioning system according to the present
invention.

[0023] FIG. 2 is a cooling operational diagram of the first
embodiment of the vehicle air-conditioning system according
to the present invention.

[0024] FIG. 3 is a heating operational diagram of the first
embodiment of the vehicle air-conditioning system according
to the present invention.

[0025] FIG. 4A and FIG. 4B are diagrams showing circu-
lation paths of'the air for air-conditioning in cooling operation
and heating operation in a vehicle equipped with the first
embodiment of the vehicle air-conditioning system according
to the present invention.

[0026] FIG. 5A and FIG. 5B are diagrams showing circu-
lation paths of'the air for air-conditioning in cooling operation
and heating operation in a vehicle equipped with a second
embodiment of the vehicle air-conditioning system according
to the present invention.

[0027] FIG. 6A and FIG. 6B are diagrams showing circu-
lation paths of'the air for air-conditioning in cooling operation
and heating operation in a vehicle equipped with a third
embodiment of the vehicle air-conditioning system according
to the present invention.

[0028] FIG. 7A and FIG. 7B are diagrams showing circu-
lation paths of'the air for air-conditioning in cooling operation
and heating operation in a vehicle equipped with a fourth
embodiment of the vehicle air-conditioning system according
to the present invention.
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[0029] FIG. 8A and FIG. 8B are diagrams showing circu-
lation paths of the air for air-conditioning in cooling operation
and heating operation in a vehicle equipped with a fifth
embodiment of the vehicle air-conditioning system according
to the present invention.

[0030] FIG. 9A and FIG. 9B are diagrams showing circu-
lation paths of the air for air-conditioning in cooling operation
and heating operation in a vehicle equipped with a sixth
embodiment of the vehicle air-conditioning system according
to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0031] Embodiments of the vehicle air-conditioning sys-
tem according to the present invention will be explained
below.

1. Configuration of First Embodiment

[0032] First, with reference to FIG. 1, a configuration of a
first embodiment of the vehicle air-conditioning system
according to the present invention will be explained. FIG. 11s
a block diagram of the first embodiment of the vehicle air-
conditioning system according to the present invention. Here-
inafter, the first embodiment of the vehicle air-conditioning
system according to the present invention will be referred to
as a vehicle air-conditioning system 1.

[0033] The vehicle air-conditioning system 1 includes a
compressor 10 to discharge a compressed high-pressure gas
as a refrigerant; a pipe 11 to circulate the refrigerant dis-
charged from the compressor 10; a plurality of heat exchang-
ers (condenser, evaporator) provided at the pipe 11 to
exchange heat with an air for air-conditioning; and an auto-
mated expansion valve 12 provided with the pipe 11 to
expand the refrigerant. Therefore, the high-pressure gas dis-
charged from the compressor 10 as the refrigerant exchanges
heat at the heat exchangers, and is introduced into the com-
pressor 10 again after being expanded by the automated
expansion valve 12.

[0034] Also, the vehicle air-conditioning system 1 includes
four heat exchangers (i.e., a first condenser (radiator) 13, a
second condenser 14, a first evaporator 15, and a second
evaporator 16), and changes the heat exchangers through
which the refrigerant passes between cooling operation and
heating operation. For example, in cooling operation, the
refrigerant passes through the second condenser 14, the first
condenser 13, and the first evaporator 15, while in heating
operation, the refrigerant passes through the second con-
denser 14, the second evaporator 16, and the first evaporator
15. In addition, the heat exchangers through which the refrig-
erant passes are changed by actuating changing means 17«
and 175 (e.g., three-way valves) so as to change one flow path
of' the refrigerant to the other flow path. And, the flow path of
the refrigerant is changed by actuating the changing means
174 and 175 in accordance with instructions from an ECU
(Electronic Control Unit) 20 based on user’s operation of an
operating unit (not shown).

2. Operation of the First Embodiment

[0035] Next, with reference to FIG. 2-FIG. 4, operations of
the vehicle air-conditioning system 1 in cooling operation and
heating operation will be explained. FIG. 2 is a cooling opera-
tional diagram of the vehicle air-conditioning system 1. FIG.
3 is a heating operational diagram of the vehicle air-condi-
tioning system 1. FIG. 4A and FIG. 4B are diagrams showing
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circulation paths of the air for air-conditioning in cooling
operation and heating operation in a vehicle equipped with
the vehicle air-conditioning system 1.

2.1 Cooling Operation

[0036] First, with reference to FIG. 2 and FIG. 4A, the
cooling operation of the vehicle air-conditioning system 1
will be explained. As shown in FIG. 2, in cooling operation,
the high-pressure gas discharged from the compressor 10 as
the refrigerant radiates heat at the second condenser 14 and
the first condenser 13, is expanded by the automated expan-
sion valve 12, passes through the second evaporator bypass
path 21, absorbs heat at the first evaporator 15, and flows into
the compressor 10 again. The refrigerant passes through the
second condenser 14, the first condenser 13, and the first
evaporator 15, and the air for air-conditioning 19 is cooled by
the refrigerant absorbing heat from the air for air-condition-
ing 19 at the first evaporator 15.

[0037] Inaddition, the automated expansion valve 12 has a
means (not shown) for sensing a temperature of the refriger-
ant which flowed out of the first evaporator 15 to cool the air
for air-conditioning 19 and regulates a flow rate of the refrig-
erant by changing a degree of opening of the automated
expansion valve 12 depending on the temperature of the
refrigerant which flowed out of the first evaporator 15. Con-
cretely, as an outflowing temperature relative to an evaporat-
ing temperature at a pressure of the refrigerant which flowed
out of the first evaporator 15 increases, the flow rate of the
refrigerant which flowed out of the automated expansion
valve 12 is increased by increasing the degree of opening.
Conversely, as the temperature of the refrigerant which
flowed out of the first evaporator 15 decreases, the flow rate of
the refrigerant which flowed out of the automated expansion
valve 12 is decreased by decreasing the degree of opening.
[0038] That is, because a heat-absorbing capacity of the
first evaporator 15 is insufficient owing to a low flow rate of
the refrigerant, when the heat-absorbing capacity of the first
evaporator 15 is insufficient owing to increase in the outflow-
ing temperature relative to the evaporating temperature at the
pressure of the refrigerant which flowed out of the first evapo-
rator 15, the heat-absorbing capacity of the first evaporator 15
is increased by increasing the degree of opening of the auto-
mated expansion valve 12 so as to increase the flow rate of the
refrigerant. Conversely, because the heat-absorbing capacity
of the first evaporator 15 is increased as the flow rate of the
refrigerant is increased, when the heat-absorbing capacity of
the first evaporator 15 is too large owing to the outflowing
temperature approaching the evaporating temperature at the
pressure of the refrigerant which flowed out of the first evapo-
rator 15, the heat-absorbing capacity of the first evaporator 15
is decreased by decreasing the degree of opening of the auto-
mated expansion valve 12 so as to decrease the flow rate of the
refrigerant.

[0039] As described above, in cooling operation, because
there is no increase in a temperature of the refrigerant by the
second evaporator 16 owing to the refrigerant not passing
through the second evaporator 16 (that is, the refrigerant
bypassing the second evaporator 16), there is no decrease in
the cooling efficiency of the air for air-conditioning 19. That
is, it is possible to obtain a cooling efficiency comparable to
that of the vehicle air-conditioning system having only the
first evaporator 15. Also, prior to absorbing heat from the air
for air-conditioning 19 at the first evaporator 15, the refriger-
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ant radiates heat to the outside air at the first condenser 13 so
as to decrease temperature of the refrigerant.

[0040] On the other hand, after being cooled at the first
evaporator 15, the air for air-conditioning 19 bypasses the
second condenser 14 through a second condenser air bypass
means 18 so as to be supplied to the vehicle interior. In
addition, for example, as shown in FIG. 4A, the second con-
denser air bypass means 18 is an air mix damper 40 to prevent
the air for air-conditioning passing by the first evaporator 15
from passing by the second condenser 14 so as not to be
heated.

2.2 Heating Operation

[0041] Next, with reference to FIG. 3 and FIG. 4B, the
heating operation of the vehicle air-conditioning system 1
will be explained. As shown in FIG. 3, in heating operation,
the high-pressure gas discharged from the compressor 10 as
the refrigerant radiates heat at the second condenser 14, is
expanded by the automated expansion valve 12, bypasses the
second evaporator bypass path 21, absorbs heat at the second
evaporator 16 and the first evaporator 15, and flows into the
compressor 10 again. In addition, the reason why the refrig-
erant absorbs heat at the second evaporator 16 prior to absorb-
ing heat at the first evaporator 15 is that the occurrence of the
dew condensation at the first evaporator 15 is suppressed to
prevent the freeze of the dew condensation water.

[0042] That is, as shown in FIG. 4B, because the air for
air-conditioning 19 is introduced from the outside of the
vehicle in heating operation, even if the temperature of the
outside air is low and the temperature of the air for air-
conditioning 19 passing by the first evaporator 15 is low, the
refrigerant flowing into the first evaporator 15 can be heated
by absorbing heat from heat sources (e.g., an exhaust heat gas
in the vehicle interior, an engine coolant, or a hot-water
heater, etc.) at the second evaporator 16. Therefore, it is
possible to suppress the occurrence of the dew condensation
at the first evaporator 15 to prevent the freeze of the dew
condensation water by decreasing heat absorbed at the first
evaporator 15.

[0043] On the other hand, the air for air-conditioning 19 is
once cooled by the refrigerant absorbing heat from the air for
air-conditioning 19 at the first evaporator 15, is heated by the
refrigerant radiating heat at the second condenser 14, and is
exhausted into the vehicle interior. In addition, the reason
why the air for air-conditioning 19 is heated at the second
condenser 14 after being once cooled at the first evaporator 15
is that the moisture contained in the air introduced from the
outside of the vehicle should be removed (i.e., dehumidified).

2.3 Summary

[0044] As described above, in the vehicle air-conditioning
system 1, it is possible to obtain a cooling efficiency compa-
rable to that of the vehicle air-conditioning system having
only the first evaporator 15, because there is no increase in the
temperature of the refrigerant at the second evaporator 16 in
cooling operation in spite of the presence of the first and
second evaporators. On the other hand, in heating operation,
it is possible to suppress the occurrence of the dew conden-
sation at an evaporator which exchanges heat with the air for
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air-conditioning 19 (i.e., first evaporator 15) to prevent the
freeze of the dew condensation water.

3. Other Embodiments of the Vehicle
Air-Conditioning System

[0045] Embodiments of the vehicle air-conditioning sys-
tem other than the first embodiment will be explained below.

3.1 Second Embodiment of Vehicle Air-Conditioning
System

[0046] First, with reference to FIG. 5A and FIG. 5B, a
second embodiment of the vehicle air-conditioning system
according to the present invention will be explained. FIG. 5A
and FIG. 5B are diagrams showing a configuration of the
second embodiment of the vehicle air-conditioning system
and circulation paths of the air for air-conditioning in cooling
operation and heating operation. Hereinafter, the second
embodiment of the vehicle air-conditioning system according
to the present invention will be referred to as a vehicle air-
conditioning system 5.

[0047] With reference to FIG. 5A and FIG. 5B, the vehicle
air-conditioning system 5 has a configuration in which the
second condenser 14 of the vehicle air-conditioning system of
the first embodiment according to the present invention is
replaced with a second condenser including a pump 50 to
discharge a hot water, and a pipe 51 in which the hot water
circulates. And, the pipe 51 has a first heat exchanger 514 to
exchange heat with the refrigerant, and a second heat
exchanger 515 to exchange heat with the air for air-condition-
ing 19.

[0048] Further, like the first embodiment of the vehicle
air-conditioning system according to the present invention,
the vehicle air-conditioning system 5 changes the heat
exchangers through which the refrigerant passes between
cooling operation and heating operation. For example, in
cooling operation, the refrigerant passes through the first heat
exchanger 51a of the second condenser, the first condenser
13, and the first evaporator 15, while in heating operation, the
refrigerant passes through the first heat exchanger 51a of the
second condenser, the second evaporator 16, and the first
evaporator 15. In addition, like the first embodiment of the
vehicle air-conditioning system according to the present
invention, the heat exchangers through which the refrigerant
passes are changed by actuating changing means 174 and 175
(e.g., three-way valves) so as to change one flow path of the
refrigerant to the other flow path. And, the flow path of the
refrigerant is changed by actuating the changing means 17«
and 1754 in accordance with instructions from an ECU (Elec-
tronic Control Unit) 20 based on user’s operation of an oper-
ating unit (not shown).

[0049] With reference to FIG. 5A, the cooling operation of
the vehicle air-conditioning system 5 will be explained. In
cooling operation, the high-pressure gas discharged from the
compressor 10 as the refrigerant radiates heat at the first heat
exchanger 51a of the second condenser and the first con-
denser 13, is expanded by the automated expansion valve 12,
absorbs heat at the first evaporator 15, and flows into the
compressor 10 again. The refrigerant passes through the first
heat exchanger 51a of the second condenser, the first con-
denser 13, and the first evaporator 15, and the air for air-
conditioning 19 is cooled by the refrigerant absorbing heat
from the air for air-conditioning 19 at the first evaporator 15.
In addition, like the first embodiment of the vehicle air-con-
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ditioning system according to the present invention, because
there is no increase in a temperature of the refrigerant by the
second evaporator 16, there is no decrease in the cooling
efficiency. That is, it is possible to obtain a cooling efficiency
comparable to that of the vehicle air-conditioning system
having only the first evaporator 15.

[0050] On the other hand, after being cooled at the first
evaporator 15, the air for air-conditioning 19 bypasses the
second heat exchanger 516 of the second condenser through
a second condenser air bypass means so as to be supplied to
the vehicle interior. In addition, for example, as shown in FI1G.
5A, the second condenser air bypass means is an air mix
damper 52 to prevent the air for air-conditioning 19 passing
by the first evaporator 15 from passing by the second heat
exchanger 515 of the second condenser so as not to be heated.
[0051] With reference to FIG. 5B, the heating operation of
the vehicle air-conditioning system 5 will be explained. In
heating operation, the high-pressure gas discharged from the
compressor 10 as the refrigerant radiates heat at the first heat
exchanger 51a of the second condenser, is expanded by the
automated expansion valve 12, absorbs heat at the second
evaporator 16 and the first evaporator 15, and flows into the
compressor 10 again. In addition, the reason why the refrig-
erant absorbs heat at the second evaporator 16 prior to absorb-
ing heat at the first evaporator 15 is that the occurrence of the
dew condensation at the first evaporator 15 is suppressed to
prevent the freeze of the dew condensation water.

[0052] That is, as shown in FIG. 5B, because the air for
air-conditioning 19 is introduced from the outside of the
vehicle in heating operation, even if the temperature of the
outside air is low and the temperature of the air for air-
conditioning 19 passing by the first evaporator 15 is low, the
refrigerant flowing into the first evaporator 15 can be heated
by absorbing heat from heat sources (e.g., an exhaust heat gas
in the vehicle interior, an engine coolant, and a hot-water
heater, etc.) at the second evaporator 16. Therefore, it is
possible to suppress the occurrence of the dew condensation
at the first evaporator 15 to prevent the freeze of the dew
condensation water by decreasing heat absorbed at the first
evaporator 15.

[0053] On the other hand, the air for air-conditioning 19 is
once cooled by the refrigerant absorbing heat from the air for
air-conditioning 19 at the first evaporator 15, is heated by the
refrigerant radiating heat at the second heat exchanger 515 of
the second condenser, and is exhausted into the vehicle inte-
rior. In addition, the reason why the air for air-conditioning 19
is heated at the second heat exchanger 515 of the second
condenser after being once cooled at the first evaporator 15 is
that the moisture contained in the air introduced from the
outside of the vehicle should be removed (i.e., dehumidified).

[0054] As described above, like the first embodiment of the
vehicle air-conditioning system according to the present
invention, in the vehicle air-conditioning system 5, it is pos-
sible to obtain a cooling efficiency comparable to that of the
vehicle air-conditioning system having only the first evapo-
rator 15, because there is no increase in the temperature of the
refrigerant at the second evaporator 16 in cooling operation in
spite of the presence of the first and second evaporators. On
the other hand, in heating operation, it is possible to suppress
the occurrence of the dew condensation at an evaporator
which exchanges heat with the air for air-conditioning 19
(i.e., first evaporator 15) to prevent the freeze of the dew
condensation water. Especially, when the temperature of the
hot water circulating in the pipe 51 is high, because the second
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evaporator 16 mainly absorbs heat and the first evaporator 15
absorbs less heat, it is easy to prevent the occurrence of the
dew condensation and a freeze of the dew condensation water
at the first evaporator 15.

3.2 Third Embodiment of Vehicle Air-Conditioning
System

[0055] Next, with reference to FIG. 6A and FIG. 6B, a third
embodiment of the vehicle air-conditioning system according
to the present invention will be explained. FIG. 6 A and FIG.
6B are diagrams showing a configuration of the third embodi-
ment of the vehicle air-conditioning system and circulation
paths of the air for air-conditioning in cooling operation and
heating operation. Hereinafter, the third embodiment of the
vehicle air-conditioning system according to the present
invention will be referred to as a vehicle air-conditioning
system 6.

[0056] With reference to FIG. 6 A and FIG. 6B, the vehicle
air-conditioning system 6 uses an engine coolant as a heat
source in heating operation. In addition, in heating operation,
a heat of the engine coolant from an engine 60 is absorbed at
a second evaporator 61. And, the heat of the engine coolant
absorbed at the second evaporator 61 is conducted to the first
evaporator 15 via the refrigerant circulating in the pipe 11,
and is further conducted to the air for air-conditioning 19 to be
supplied to the vehicle interior from the first evaporator 15.
[0057] Further, like the first embodiment of the vehicle
air-conditioning system according to the present invention,
the vehicle air-conditioning system 6 changes the heat
exchangers through which the refrigerant passes between
cooling operation and heating operation. For example, in
cooling operation, the refrigerant passes through the second
condenser 14, the first condenser 13, and the first evaporator
15, while in heating operation, the refrigerant passes through
the second condenser 14, the second evaporator 61, and the
first evaporator 15. In addition, like the first embodiment of
the vehicle air-conditioning system according to the present
invention, the heat exchangers through which the refrigerant
passes are changed by actuating changing means 174 and 175
(e.g., three-way valves) so as to change one flow path of the
refrigerant to the other flow path. And, the flow path of the
refrigerant is changed by actuating the changing means 17«
and 1754 in accordance with instructions from an ECU (Elec-
tronic Control Unit) 20 based on user’s operation of an oper-
ating unit (not shown).

[0058] With reference to FIG. 6 A, the cooling operation of
the vehicle air-conditioning system 6 will be explained. In
cooling operation, the high-pressure gas discharged from the
compressor 10 as the refrigerant radiates heat at the second
condenser 14 and the first condenser 13, is expanded by the
automated expansion valve 12, absorbs heat at the first evapo-
rator 15, and flows into the compressor 10 again. The refrig-
erant passes through the second condenser 14, the first con-
denser 13, and the first evaporator 15, and the air for air-
conditioning 19 is cooled by the refrigerant absorbing heat
from the air for air-conditioning 19 at the first evaporator 15.
In addition, like the first embodiment of the vehicle air-con-
ditioning system according to the present invention, because
there is no increase in a temperature of the refrigerant by the
second evaporator 61, there is no decrease in the cooling
efficiency. That is, it is possible to obtain a cooling efficiency
comparable to that of the vehicle air-conditioning system
having only the first evaporator 15.
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[0059] On the other hand, after being cooled at the first
evaporator 15, the air for air-conditioning 19 bypasses the
second condenser 14 through a second condenser air bypass
means so as to be supplied to the vehicle interior. In addition,
for example, as shown in FIG. 6 A, the second condenser air
bypass means is an air mix damper 40 to prevent the air for
air-conditioning 19 passing by the first evaporator 15 from
passing by the second condenser 14 so as not to be heated.

[0060] With reference to FIG. 6B, the heating operation of
the vehicle air-conditioning system 6 will be explained. In
heating operation, the high-pressure gas discharged from the
compressor 10 as the refrigerant radiates heat at the second
condenser 14, is expanded by the automated expansion valve
12, absorbs heat at the second evaporator 61 and the first
evaporator 15, and flows into the compressor 10 again. In
addition, the reason why the refrigerant absorbs heat at the
second evaporator 61 prior to absorbing heat at the first evapo-
rator 15 is that the occurrence of the dew condensation at the
first evaporator 15 is suppressed to prevent the freeze of the
dew condensation water.

[0061] That is, as shown in FIG. 6B, because the air for
air-conditioning 19 is introduced from the outside of the
vehicle, even if the temperature of the outside air is low and
the temperature of the air for air-conditioning 19 passing by
the first evaporator 15 is low, the refrigerant flowing into the
first evaporator 15 can be heated by absorbing heat from an
engine coolant at the second evaporator 61 as described
above. Therefore, it is possible to suppress the occurrence of
the dew condensation at the first evaporator 15 to prevent the
freeze of the dew condensation water by decreasing heat
absorbed at the first evaporator 15. In addition, the engine
coolant used as a heat source in the vehicle air-conditioning
system 6 is circulated by being introduced into the engine 60
again after being supplied to the second evaporator 61 from
the engine 60 via a pipe 62 which is a flow path.

[0062] On the other hand, the air for air-conditioning 19 is
once cooled by the refrigerant absorbing heat from the air for
air-conditioning 19 at the first evaporator 15, is heated by the
refrigerant radiating heat at the second condenser 14, and is
exhausted into the vehicle interior. In addition, the reason
why the air for air-conditioning 19 is heated at the second
condenser 14 after being once cooled at the first evaporator 15
is that the moisture contained in the air introduced from the
outside of the vehicle should be removed (i.e., dehumidified).

[0063] As described above, like the first embodiment of the
vehicle air-conditioning system according to the present
invention, in the vehicle air-conditioning system 6, it is pos-
sible to obtain a cooling efficiency comparable to that of the
vehicle air-conditioning system having only the first evapo-
rator 15, because there is no increase in the temperature of the
refrigerant at the second evaporator 61 in cooling operation in
spite of the presence of the first and second evaporators. On
the other hand, in heating operation, it is possible to suppress
the occurrence of the dew condensation at an evaporator
which exchanges heat with the air for air-conditioning 19
(i.e., first evaporator 15) to prevent the freeze of the dew
condensation water.

[0064] Especially, when the temperature of the engine cool-
ant is high, because the second evaporator 61 mainly absorbs
heat and the first evaporator 15 absorbs less heat, it is easy to
prevent the occurrence of the dew condensation and a freeze
of'the dew condensation water at the first evaporator 15. Also,
there is no need to provide a heat source to exchange heat with
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the second evaporator 61 because the heat exhausted from the
high-temperature engine can be reused as it is.

[0065] In addition, although the engine coolant is used as
the heat source in the vehicle air-conditioning system 6, vari-
ous changes and modifications may be made. Other than the
engine coolant, it is possible to obtain a cooling efficiency
comparable to that of the vehicle air-conditioning system
having only the first evaporator 15 by using a fuel cell coolant,
etc. as the heat source. On the other hand, in heating opera-
tion, it is also possible to suppress the occurrence of the dew
condensation at the evaporator which exchanges heat with the
air for air-conditioning (that is, first evaporator 15) to prevent
the freeze of the dew condensation water. Further, in heating
operation, there is no need to provide a heat source to
exchange heat with the second evaporator 61 because the heat
exhausted from the high-temperature fuel cell can be reused
as it is.

3.3 Fourth Embodiment of Vehicle Air-Conditioning
System

[0066] Next, with reference to FIG. 7A and FIG. 7B, a
fourth embodiment of the vehicle air-conditioning system
according to the present invention will be explained. FIG. 7A
and FIG. 7B are diagrams showing a configuration of the
fourth embodiment of the vehicle air-conditioning system
and circulation paths of the air for air-conditioning in cooling
operation and heating operation. Hereinafter, the fourth
embodiment of the vehicle air-conditioning system according
to the present invention will be referred to as a vehicle air-
conditioning system 7.

[0067] With reference to FIG. 7A and FIG. 7B, the vehicle
air-conditioning system 7 of the fourth embodiment is pro-
vided with an ejector 70 between the automated expansion
valve 12 and the changing mean 175 in the first embodiment
according to the present invention. And, the refrigerant is
circulated by an ejection power of the ejector 70.

[0068] Further, like the first embodiment of the vehicle
air-conditioning system according to the present invention,
the vehicle air-conditioning system 7 changes the heat
exchangers through which the refrigerant passes between
cooling operation and heating operation. For example, in
cooling operation, the refrigerant passes through the second
condenser 14, the first condenser 13, and the first evaporator
15, while in heating operation, the refrigerant passes through
the second condenser 14, the second evaporator 16, and the
first evaporator 15. In addition, like the first embodiment of
the vehicle air-conditioning system according to the present
invention, the heat exchangers through which the refrigerant
passes are changed by actuating changing means 17a, 175,
and 17¢ (e.g., three-way valves) so as to change one flow path
of'the refrigerant to the other flow path. And, the flow path of
the refrigerant is changed by actuating the changing means
17a, 17h, and 17¢ in accordance with instructions from an
ECU (Electronic Control Unit) 20 based on user’s operation
of an operating unit (not shown).

[0069] With reference to FIG. 7A, the cooling operation of
the vehicle air-conditioning system 7 will be explained. In
cooling operation, the high-pressure gas discharged from the
compressor 10 as the refrigerant radiates heat at the second
condenser 14 and the first condenser 13, is expanded by the
automated expansion valve 12, is ejected by the ejector 70,
absorbs heat at the first evaporator 15, and flows into the
compressor 10 again. The refrigerant passes through the sec-
ond condenser 14, the first condenser 13, and the first evapo-
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rator 15, and the air for air-conditioning 19 is cooled by the
refrigerant absorbing heat from the air for air-conditioning 19
at the first evaporator 15. In addition, like the first embodi-
ment of the vehicle air-conditioning system according to the
present invention, because there is no increase in a tempera-
ture of the refrigerant by the second evaporator 16, there is no
decrease in the cooling efficiency. That is, it is possible to
obtain a cooling efficiency comparable to that of the vehicle
air-conditioning system having only the first evaporator 15.
[0070] On the other hand, after being cooled at the first
evaporator 15, the air for air-conditioning 19 bypasses the
second condenser 14 through a second condenser air bypass
means so as to be supplied to the vehicle interior. In addition,
for example, as shown in FIG. 7A, the second condenser air
bypass means is an air mix damper 40 to prevent the air for
air-conditioning 19 passing by the first evaporator 15 from
passing by the second condenser 14 so as not to be heated.
[0071] With reference to FIG. 7B, the heating operation of
the vehicle air-conditioning system 7 will be explained. In
heating operation, the high-pressure gas discharged from the
compressor 10 as the refrigerant radiates heat at the second
condenser 14, is expanded by the automated expansion valve
12, is ejected by the ejector 70, absorbs heat at the second
evaporator 16 and the first evaporator 15, and flows into the
compressor 10 again. In addition, the reason why the refrig-
erant absorbs heat at the second evaporator 16 prior to absorb-
ing heat at the first evaporator 15 is that the occurrence of the
dew condensation at the first evaporator 15 is suppressed to
prevent the freeze of the dew condensation water.

[0072] That is, as shown in FIG. 7B, because the air for
air-conditioning 19 is introduced from the outside of the
vehicle, even if the temperature of the outside air is low and
the temperature of the air for air-conditioning 19 passing by
the first evaporator 15 is low, the refrigerant flowing into the
first evaporator 15 can be heated by absorbing heat from an
exhaust heat at the second evaporator 16 as described above.
Therefore, it is possible to suppress the occurrence of the dew
condensation at the first evaporator 15 to prevent the freeze of
the dew condensation water by decreasing heat absorbed at
the first evaporator 15.

[0073] On the other hand, the air for air-conditioning 19 is
once cooled by the refrigerant absorbing heat from the air for
air-conditioning 19 at the first evaporator 15, is heated by the
refrigerant radiating heat at the second condenser 14, and is
exhausted into the vehicle interior. In addition, the reason
why the air for air-conditioning 19 is heated at the second
condenser 14 after being once cooled at the first evaporator 15
is that the moisture contained in the air introduced from the
outside of the vehicle should be removed (i.e., dehumidified).
[0074] As described above, like the first embodiment of the
vehicle air-conditioning system according to the present
invention, in the vehicle air-conditioning system 7, it is pos-
sible to obtain a cooling efficiency comparable to that of the
vehicle air-conditioning system having only the first evapo-
rator 15, because there is no increase in the temperature of the
refrigerant at the second evaporator 16 in cooling operation in
spite of the presence of the first and second evaporators. On
the other hand, in heating operation, it is possible to suppress
the occurrence of the dew condensation at an evaporator
which exchanges heat with the air for air-conditioning 19
(i.e., first evaporator 15) to prevent the freeze of the dew
condensation water.

3.4 Fifth Embodiment of Vehicle Air-Conditioning
System

[0075] Next, with reference to FIG. 8A and FIG. 8B, a fifth
embodiment of the vehicle air-conditioning system according
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to the present invention will be explained. FI1G. 8A and FIG.
8B are diagrams showing a configuration of the fifth embodi-
ment of the vehicle air-conditioning system and circulation
paths of the air for air-conditioning in cooling operation and
heating operation. Hereinafter, the fifth embodiment of the
vehicle air-conditioning system according to the present
invention will be referred to as a vehicle air-conditioning
system 8.

[0076] With reference to FIG. 8 A and FIG. 8B, the vehicle
air-conditioning system 8 uses an engine coolant as a heat
source in heating operation, and is provided with an ejector 70
between the automated expansion valve 12 and the changing
mean 1756 in the first embodiment according to the present
invention. In addition, with reference to FIG. 8B, in heating
operation, the heat of the engine coolant exhausted from the
engine 60 via the pipe 62 is absorbed at the second evaporator
61. And, the heat of the engine coolant absorbed at the second
evaporator 61 is conducted to the first evaporator 15 via the
refrigerant circulating in the pipe 11, and is further conducted
to the air for air-conditioning 19 to be supplied to the vehicle
interior from the first evaporator 15. Also, the refrigerant is
circulated by an ejection power of the ejector 70.

[0077] Further, like the first embodiment of the vehicle
air-conditioning system according to the present invention,
the vehicle air-conditioning system 8 changes the heat
exchangers through which the refrigerant passes between
cooling operation and heating operation. For example, in
cooling operation, the refrigerant passes through the second
condenser 14, the first condenser 13, and the first evaporator
15, while in heating operation, the refrigerant passes through
the second condenser 14, the second evaporator 61, and the
first evaporator 15. In addition, like the first embodiment of
the vehicle air-conditioning system according to the present
invention, the heat exchangers through which the refrigerant
passes are changed by actuating changing means 17a, 175,
and 17¢ (e.g., three-way valves) so as to change one flow path
of'the refrigerant to the other flow path. And, the flow path of
the refrigerant is changed by actuating the changing means
17a, 17h, and 17¢ in accordance with instructions from an
ECU (Electronic Control Unit) 20 based on user’s operation
of an operating unit (not shown).

[0078] With reference to FIG. 8 A, the cooling operation of
the vehicle air-conditioning system 8 will be explained. In
cooling operation, the high-pressure gas discharged from the
compressor 10 as the refrigerant radiates heat at the second
condenser 14 and the first condenser 13, is expanded by the
automated expansion valve 12, is ejected by the ejector 70,
absorbs heat at the first evaporator 15, and flows into the
compressor 10 again. The refrigerant passes through the sec-
ond condenser 14, the first condenser 13, and the first evapo-
rator 15, and the air for air-conditioning 19 is cooled by the
refrigerant absorbing heat from the air for air-conditioning 19
at the first evaporator 15. In addition, like the first embodi-
ment of the vehicle air-conditioning system according to the
present invention, because there is no increase in a tempera-
ture of the refrigerant by the second evaporator 61, there is no
decrease in the cooling efficiency. That is, it is possible to
obtain a cooling efficiency comparable to that of the vehicle
air-conditioning system having only the first evaporator 15.
[0079] On the other hand, after being cooled at the first
evaporator 15, the air for air-conditioning 19 bypasses the
second condenser 14 through a second condenser air bypass
means so as to be supplied to the vehicle interior. In addition,
for example, as shown in FIG. 8A, the second condenser air
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bypass means is an air mix damper 40 to prevent the air for
air-conditioning 19 passing by the first evaporator 15 from
passing by the second condenser 14 so as not to be heated.
[0080] With reference to FIG. 8B, the heating operation of
the vehicle air-conditioning system 8 will be explained. In
heating operation, the high-pressure gas discharged from the
compressor 10 as the refrigerant radiates heat at the second
condenser 14, is expanded by the automated expansion valve
12, is ejected by the ejector 70, absorbs heat at the second
evaporator 61 and the first evaporator 15, and flows into the
compressor 10 again. In addition, the reason why the refrig-
erant absorbs heat at the second evaporator 61 prior to absorb-
ing heat at the first evaporator 15 is that the occurrence of the
dew condensation at the first evaporator 15 is suppressed to
prevent the freeze of the dew condensation water.

[0081] That is, as shown in FIG. 8B, because the air for
air-conditioning 19 is introduced from the outside of the
vehicle, even if the temperature of the outside air is low and
the temperature of the air for air-conditioning 19 passing by
the first evaporator 15 is low, the refrigerant flowing into the
first evaporator 15 can be heated by absorbing heat from an
engine coolant at the second evaporator 61 as described
above. Therefore, it is possible to suppress the occurrence of
the dew condensation at the first evaporator 15 to prevent the
freeze of the dew condensation water by decreasing heat
absorbed at the first evaporator 15. In addition, the engine
coolant used as a heat source in the vehicle air-conditioning
system 8 is circulated by being introduced into the engine 60
again after being supplied to the second evaporator 61 from
the engine 60 via a pipe 62.

[0082] On the other hand, the air for air-conditioning 19 is
once cooled by the refrigerant absorbing heat from the air for
air-conditioning 19 at the first evaporator 15, is heated by the
refrigerant radiating heat at the second condenser 14, and is
exhausted into the vehicle interior. In addition, the reason
why the air for air-conditioning 19 is heated at the second
condenser 14 after being once cooled at the first evaporator 15
is that the moisture contained in the air introduced from the
outside of the vehicle should be removed (i.e., dehumidified).
[0083] As described above, like the first embodiment of the
vehicle air-conditioning system according to the present
invention, in the vehicle air-conditioning system 8, it is pos-
sible to obtain a cooling efficiency comparable to that of the
vehicle air-conditioning system having only the first evapo-
rator 15, because there is no increase in the temperature of the
refrigerant at the second evaporator 61 in cooling operation in
spite of the presence of the first and second evaporators. On
the other hand, in heating operation, it is possible to suppress
the occurrence of the dew condensation at an evaporator
which exchanges heat with the air for air-conditioning 19
(i.e., first evaporator 15) to prevent the freeze of the dew
condensation water.

[0084] Especially, when the temperature of the engine cool-
ant is high, because the second evaporator 61 mainly absorbs
heat and the first evaporator 15 absorbs less heat, it is easy to
prevent the occurrence of the dew condensation and a freeze
of'the dew condensation water at the first evaporator 15. Also,
there is no need to provide a heat source to exchange heat with
the second evaporator 61 because the heat exhausted from the
high-temperature engine can be reused as it is.

[0085] In addition, although the engine coolant is used as
the heat source in the vehicle air-conditioning system 8, vari-
ous changes and modifications may be made. Other than the
engine coolant, it is possible to obtain a cooling efficiency
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comparable to that of the vehicle air-conditioning system
having only the first evaporator 15 by using a fuel cell coolant,
etc. as the heat source. On the other hand, in heating opera-
tion, it is also possible to suppress the occurrence of the dew
condensation at the evaporator which exchanges heat with the
air for air-conditioning 19 (that is, first evaporator 15) to
prevent the freeze of the dew condensation water. Further, in
heating operation, there is no need to provide a heat source to
exchange heat with the second evaporator 61 because the heat
exhausted from the high-temperature fuel cell can be reused
as it is.

3.5 Sixth Embodiment of Vehicle Air-Conditioning
System

[0086] Next, with referenceto FIG. 9A and FIG. 9B, a Sixth
embodiment of the vehicle air-conditioning system according
to the present invention will be explained. FIG. 9A and FIG.
9B are diagrams showing a configuration of the sixth embodi-
ment of the vehicle air-conditioning system and circulation
paths of the air for air-conditioning in cooling operation and
heating operation. Hereinafter, the sixth embodiment of the
vehicle air-conditioning system according to the present
invention will be referred to as a vehicle air-conditioning
system 9.

[0087] With reference to FIG. 9A and FIG. 9B, the vehicle
air-conditioning system 9 uses an exhaust gas from a fuel cell
90 as a heat source in heating operation. In addition, in heat-
ing operation, a heat of the exhaust gas from the fuel cell 90
(that is, the heat of the exhaust gas exhausted from the fuel
cell 90 via a diluter 91) is absorbed at a second evaporator 16.
And, the heat of the exhaust gas absorbed at the second
evaporator 16 is conducted to the first evaporator 15 via the
refrigerant circulating in the pipe 11, and is further conducted
to the air for air-conditioning 19 to be supplied to the vehicle
interior from the first evaporator 15.

[0088] Further, like the first embodiment of the vehicle
air-conditioning system according to the present invention,
the vehicle air-conditioning system 9 changes the heat
exchangers through which the refrigerant passes between
cooling operation and heating operation. For example, in
cooling operation, the refrigerant passes through the second
condenser 14, the first condenser 13, and the first evaporator
15, while in heating operation, the refrigerant passes through
the second condenser 14, the second evaporator 16, and the
first evaporator 15. In addition, like the first embodiment of
the vehicle air-conditioning system according to the present
invention, the heat exchangers through which the refrigerant
passes are changed by actuating changing means 174 and 175
(e.g., three-way valves) so as to change one flow path of the
refrigerant to the other flow path. And, the flow path of the
refrigerant is changed by actuating the changing means 17«
and 1754 in accordance with instructions from an ECU (Elec-
tronic Control Unit) 20 based on user’s operation of an oper-
ating unit (not shown).

[0089] With reference to FIG. 9A, the cooling operation of
the vehicle air-conditioning system 9 will be explained. In
cooling operation, the high-pressure gas discharged from the
compressor 10 as the refrigerant radiates heat at the second
condenser 14 and the first condenser 13, is expanded by the
automated expansion valve 12, absorbs heat at the first evapo-
rator 15, and flows into the compressor 10 again. The refrig-
erant passes through the second condenser 14, the first con-
denser 13, and the first evaporator 15, and the air for air-
conditioning 19 is cooled by the refrigerant absorbing heat
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from the air for air-conditioning 19 at the first evaporator 15.
In addition, like the first embodiment of the vehicle air-con-
ditioning system according to the present invention, because
there is no increase in a temperature of the refrigerant by the
second evaporator 16, there is no decrease in the cooling
efficiency. That is, it is possible to obtain a cooling efficiency
comparable to that of the vehicle air-conditioning system
having only the first evaporator 15.

[0090] On the other hand, after being cooled at the first
evaporator 15, the air for air-conditioning 19 bypasses the
second condenser 14 through a second condenser air bypass
means so as to be supplied to the vehicle interior. In addition,
for example, as shown in FIG. 9A, the second condenser air
bypass means is an air mix damper 40 to prevent the air for
air-conditioning 19 passing by the first evaporator 15 from
passing by the second condenser 14 so as not to be heated.
[0091] With reference to FIG. 9B, the heating operation of
the vehicle air-conditioning system 9 will be explained. In
heating operation, the high-pressure gas discharged from the
compressor 10 as the refrigerant radiates heat at the second
condenser 14, is expanded by the automated expansion valve
12, absorbs heat at the second evaporator 16 and the first
evaporator 15, and flows into the compressor 10 again. In
addition, the reason why the refrigerant absorbs heat at the
second evaporator 16 prior to absorbing heat at the first evapo-
rator 15 is that the occurrence of the dew condensation at the
first evaporator 15 is suppressed to prevent the freeze of the
dew condensation water.

[0092] That is, as shown in FIG. 9B, because the air for
air-conditioning 19 is introduced from the outside of the
vehicle, even if the temperature of the outside air is low and
the temperature of the air for air-conditioning 19 passing by
the first evaporator 15 is low, the refrigerant flowing into the
first evaporator 15 can be heated by absorbing heat from the
exhaust gas from the fuel cell at the second evaporator 16 as
described above. Therefore, it is possible to suppress the
occurrence of the dew condensation at the first evaporator 15
to prevent the freeze of the dew condensation water by
decreasing heat absorbed at the first evaporator 15.

[0093] In addition, as shown in FIG. 9B, the exhaust gas
from the fuel cell 90 used as the heat source of the vehicle
air-conditioning system 9 is generated by mixing a hydrogen
gas exhausted from the fuel cell 90 via a purge valve 92 and an
air exhausted from the fuel cell 90 via a back-pressure regu-
lating valve 93 at the diluter 91. And, the exhaust gas gener-
ated at the diluter 91 exchanges heat at the second evaporator
16, and is discharged into the outside of the vehicle. In addi-
tion, an ejector 94 brings back an unreacted hydrogen
exhausted from the fuel cell to the fuel cell to recirculate the
hydrogen, and a compressor 95 discharges a high-pressure air
into the fuel cell 90.

[0094] On the other hand, the air for air-conditioning 19 is
once cooled by the refrigerant absorbing heat from the air for
air-conditioning 19 at the first evaporator 15, is heated by the
refrigerant radiating heat at the second condenser 14, and is
exhausted into the vehicle interior. In addition, the reason
why the air for air-conditioning 19 is heated at the second
condenser 14 after being once cooled at the first evaporator 15
is that the moisture contained in the air introduced from the
outside of the vehicle should be removed (i.e., dehumidified).
[0095] As described above, like the first embodiment of the
vehicle air-conditioning system according to the present
invention, in the vehicle air-conditioning system 8, it is pos-
sible to obtain a cooling efficiency comparable to that of the
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vehicle air-conditioning system having only the first evapo-
rator 15, because there is no increase in the temperature of the
refrigerant at the second evaporator 16 in cooling operation in
spite of the presence of the first and second evaporators.
[0096] Ontheotherhand, in heating operation, it is possible
to suppress the occurrence of the dew condensation at an
evaporator which exchanges heat with the air for air-condi-
tioning 19 (i.e., first evaporator 15) to prevent the freeze of the
dew condensation water. Especially, when the temperature of
the exhaust gas from the fuel cell 90 is high, because the
second evaporator 16 mainly absorbs heat and the first evapo-
rator 15 absorbs less heat, it is easy to suppress the occurrence
of the dew condensation to prevent a freeze of the dew con-
densation water at the first evaporator 15. Also, there is no
need to provide a heat source to exchange heat with the
second evaporator 16 because the heat of the exhaust gas from
the high-temperature engine can be reused as it is.

What is claimed is:

1. A vehicle air-conditioning system comprising:

a first condenser wherein a refrigerant circulates and
exchanges heat with an outside air;

a decompressing means for decompressing the refrigerant
exhausted from the first condenser;

a first evaporator wherein the refrigerant passing through
the decompressing means exchanges heat with an air for
air-conditioning;

a compressor disposed downstream of the first evaporator;

a second condenser wherein the refrigerant exhausted from
the compressor exchanges heat with the air for air-con-
ditioning with which the first evaporator exchanges heat;

a second condenser air bypass means to supply the air for
air-conditioning with which the first evaporator
exchanges heat to a vehicle interior without exchanging
heat at the second condenser;

a bypass means control unit to control the second con-
denser air bypass means such that the supplied air for
air-conditioning bypasses/passes by the second con-
denser in cooling/heating operation, the first evaporator
and the second condenser are disposed in series with a
flow path of the air for air-conditioning, an air-condi-
tioning operation is changed between cooling operation
and heating operation by controlling with the bypass
means control unit; and

a second evaporator disposed in a flow path of the refrig-
erant between the decompressing means and the first
evaporator, a temperature of the second evaporator is
higher than that of the refrigerant decompressed by the
decompressing means, and a heat exchange is performed
between a fluid having a temperature higher than that of
the air for air-conditioning with which the first evapora-
tor exchanges heat and the refrigerant passing through
the decompressing means.

2. The system according to claim 1, further comprising a
second evaporator bypass path through which the refrigerant
decompressed by the decompressing means bypasses the sec-
ond evaporator and flows into the first evaporator in cooling
operation.

3.The system according to claim 1, wherein the fluid which
exchanges heat with the refrigerant at the second evaporator is
an air exhausted from the vehicle interior.

4.The system according to claim 2, wherein the fluid which
exchanges heat with the refrigerant at the second evaporator is
an air exhausted from the vehicle interior.
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5. The system according to claim 1, wherein the fluid which
exchanges heat with the refrigerant at the second evaporator is
a coolant used in an engine or fuel cell.

6. The system according to claim 2, wherein the fluid which
exchanges heat with the refrigerant at the second evaporator is
a coolant used in an engine or fuel cell.

7. The system according to claim 1, wherein the fluid which
exchanges heat with the refrigerant at the second evaporator is
an exhaust gas from the fuel cell.

8. The system according to claim 2, wherein the fluid which
exchanges heat with the refrigerant at the second evaporator is
an exhaust gas from the fuel cell.

9. The system according to claim 1, wherein the heat
exchangers through which the refrigerant passes are changed
between cooling operation and heating operation, the heat
exchangers are changed by actuating changing means, in
cooling operation, the refrigerant passes through the second
condenser, the first condenser, and the first evaporator, while
in heating operation, the refrigerant passes through the sec-
ond condenser, the second evaporator, and the first evapora-
tor.
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10. The system according to claim 9, wherein the decom-
pressing means is an automated expansion valve, and the
changing means is a three-way valve.

11. The system according to claim 9, wherein the second
condenser comprises a pump to discharge a hot water, and a
pipe in which the hot water circulates, and the pipe comprises
a first heat exchanger to exchange heat with the refrigerant,
and a second heat exchanger to exchange heat with the air for
air-conditioning.

12. The system according to claim 9, wherein the fluid
which exchanges heat with the refrigerant at the second
evaporator is a coolant used in an engine.

13. The system according to claim 10, wherein an ejector is
provided between the automated expansion valve and the
three-way valve.

14. The system according to claim 13, wherein the fluid
which exchanges heat with the refrigerant at the second
evaporator is a coolant used in an engine.

15. The system according to claim 9, wherein the fluid
which exchanges heat with the refrigerant at the second
evaporator is a coolant used in a fuel cell.
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