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(57) ABSTRACT

In a vehicle air conditioner, a cooling heat exchanger for
cooling air is arranged in the air conditioning case, and a
cooling/heating switching heat exchanger is arranged at a
downstream air side of the cooling heat exchanger in the air
conditioning case. A first bypass passage is provided at one
side of the cooling heat exchanger in the air conditioning
case, so that air flows through the first bypass passage while
bypassing the cooling heat exchanger. A second bypass pas-
sage is provided at one side of the cooling/heating switching
heat exchanger in the air conditioning case on an opposite
side of the first bypass passage with respect to the first heat
exchanger, so that air flows through the second bypass pas-
sage while bypassing the cooling/heating switching heat
exchanger. Accordingly, a size of the air conditioner can be
effectively decreased while a maximum cooling capacity can
be sufficiently obtained.

15 Claims, 6 Drawing Sheets
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1
VEHICULAR AIR CONDITIONER

CROSS REFERENCE TO RELATED
APPLICATION

This application is based on Japanese Patent Application
No. 2003-402909 filed on Dec. 2, 2003, the disclosure of
which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a vehicle air conditioner in
which a size of an interior air-conditioning unit can be effec-
tively reduced.

BACKGROUND OF THE INVENTION

In a vehicle air conditioner described in U.S. Pat. No.
6,431,257 (corresponding to JP-A-2001-105830), a heating
heat exchanger, a cool air bypass passage and an air mixing
door are suitably arranged with respect to a cooling heat
exchanger constructed of an evaporator of a refrigerant cycle,
so that a size of an interior air-conditioning unit is reduced.
However, in this vehicle air conditioner, a maximum cooling
capacity to be necessary is obtained only using the single
cooling heat exchanger. Accordingly, the size of the cooling
heat exchanger necessarily becomes larger when, the maxi-
mum cooling capacity is set larger. Therefore, it is difficult to
reduce the size of the interior air-conditioning unit.

Furthermore, in a vehicle air conditioner described in U.S.
Pat. No. 6,449,974 (corresponding to JP-A-2002-46448), an
auxiliary heat exchanger is arranged at a downstream air side
of'a cooling heat exchanger constructed of an evaporator of a
refrigerant cycle. The auxiliary heat exchanger is capable of
switching between a heating function and a cooling function.
In addition, a heating heat exchanger in which hot water
(engine-cooling water) flows is arranged at a downstream air
side of the auxiliary heat exchanger.

In this vehicle air conditioner described in U.S. Pat. No.
6,449,974, when a maximum cooling operation is set, the
auxiliary heat exchanger is arranged in series with the cooling
heat exchanger in a low-pressure side of the refrigerant cycle
so that both the cooling heat exchanger and the auxiliary heat
exchanger are used as evaporators. However, in this case,
because the three heat exchangers are used in the interior
air-conditioning unit, arrangement spaces of the three heat
exchangers becomes large, and thereby increasing the size of
the interior air-conditioning unit.

SUMMARY OF THE INVENTION

In view of the above-described problems, it is an object of
the present invention to provide a vehicle air conditioner in
which a size of an interior air-conditioning unit can be effec-
tively reduced while a maximum cooling capacity can be
sufficiently obtained.

According to an aspect of the present invention, an air
conditioner for a vehicle includes an air conditioning case in
which air flows toward a passenger compartment, a first heat
exchanger for cooling air disposed in the air conditioning case
to define a first bypass passage through which air flows while
bypassing the first heat exchanger at one side of the first heat
exchanger in the air conditioning case, a first switching mem-
ber for opening and closing the first bypass passage, a second
heat exchanger disposed at a downstream air side of the first
heat exchanger in the air conditioning case to define a second
bypass passage through which air flows in the air condition-
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ing case while bypassing the second heat exchanger at the
other end side relative to the first heat exchanger, and a second
switching member for opening and closing the second bypass
passage. In the air conditioner, the second heat exchanger is
switched to have a cooling function for cooling air or a heat-
ing function for heating air. Accordingly, in a maximum cool-
ing mode for cooling the passenger compartment in maxi-
mum, the second heat exchanger is operated to have the
cooling function, so that a necessary maximum cooling
capacity can be readily obtained by a total cooling capacity of
both the first and second heat exchangers without increasing
the size of the first heat exchanger. Therefore, a size of an
interior air-conditioning unit of the vehicle air conditioner
can be effectively decreased while cooling capacity can be
improved.

Preferably, the first and second heat exchangers are
arranged to set a first maximum cooling mode in which a
maximum cooling operation is performed to have an air
amount priority while air flows through the first and second
heat exchangers in parallel. Furthermore, in the first maxi-
mum cooling mode, the second heat exchanger is switched to
have the cooling function for cooling air, the first switching
member opens the first bypass passage, and the second
switching member opens the second bypass passage. Accord-
ingly, in the first maximum cooling mode, an air-flowing
pressure loss can be effectively reduced, and air-blowing
noise can be also effectively reduced.

Alternatively, the first and second heat exchangers are
arranged to set a second maximum cooling mode in which a
maximum cooling operation is performed to have an air tem-
perature priority while air flows through the first and second
heat exchangers in series. Furthermore, in the second maxi-
mum cooling mode, the second heat exchanger is switched to
have the cooling function for cooling air, the first switching
member closes the first bypass passage, and the second
switching member closes the second bypass passage. Accord-
ingly, in the second maximum cooling mode, the temperature
of air to be blown into the passenger compartment can be
effectively reduced.

Further, in a maximum heating mode for heating the pas-
senger compartment in maximum, the second heat exchanger
is switched to have the heating function for heating air, and
the second switching member closes the second bypass pas-
sage. Therefore, the maximum heating capacity can be effec-
tively improved.

More preferably, the first heat exchanger and the second
heat exchanger communicate with each other through a com-
munication passage. Further, when the first switching mem-
ber fully opens the first bypass passage, air flows through both
the first heat exchanger and the first bypass passage by a
predetermined ratio. In contrast, when the second switching
member fully opens the second bypass passage, the commu-
nication passage is closed by the second switching member.

In addition, in a temperature control mode where a tem-
perature of air to be blown into the passenger compartment is
adjusted, the second heat exchanger is switched to have the
heating function for heating air, and the second switching
member adjusts a ratio between an air amount flowing
through the second bypass passage and an air amount flowing
through the second heat exchanger to control the temperature
of air to be blown into the passenger compartment. Alterna-
tively, the second switching member closes the communica-
tion passage, and the first switching member adjusts a ratio
between an air amount flowing through the first bypass pas-
sage and an air amount flowing through the first heat
exchanger to control the temperature of air to be blown into
the passenger compartment.
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More preferably, the second heat exchanger has the cooling
function by introducing a low temperature medium from a
low temperature medium circuit into the second heat
exchanger, and the second heat exchanger has the heating
function by introducing a high temperature medium from a
high temperature medium circuit into the second heat
exchanger.

The vehicle air conditioner can be provided with a deter-
mining unit for determining whether there is a rear seat pas-
senger in the passenger compartment. When the determining
unit determines there is the rear seat passenger in the passen-
ger compartment, the first maximum cooling mode is set as
the maximum cooling operation.

According to another aspect of the present invention, a first
heat exchanger is disposed at an upstream air side in an air
conditioning case for cooling air, a second heat exchanger
having at least a cooling function is disposed at a downstream
air side of the first heat exchanger in the air conditioning case,
and air flow switching means is disposed in the air condition-
ing case for switching an air flow in each of the first and the
second heat exchangers. In the vehicle air conditioner, when
a first maximum cooling mode where a maximum cooling
operation is performed to have an air amount priority is set,
the second heat exchanger has the cooling function, and the
air flow switching means switches the air flows of the firstand
the second heat exchangers such that air flows through the
first and the second heat exchangers in parallel. Accordingly,
the cooling capacity can be sufficiently improved while the
size of the first heat exchanger can be reduced.

Furthermore, when a second maximum cooling mode
where a maximum cooling operation is performed to have a
low temperature priority is set, the second heat exchanger has
the cooling function, and the air flow switching means
switches the air flows of the first and the second heat exchang-
ers such that air flows through the first and the second heat
exchangers in series. In this case, the air temperature to be
blown into the passenger compartment can be sufficiently
reduced.

For example, the air flow switching means includes a first
bypass passage through which air flows while bypassing the
first heat exchanger, a first switching member for opening and
closing the first bypass passage, a second bypass passage
through which air flows while bypassing the second heat
exchanger, and a second switching member for opening and
closing the second bypass passage. Generally, the first bypass
passage is provided at one side of the first heat exchanger in
the air conditioning case, and the second bypass passage is
provided in the air conditioning case at one side of the second
heat exchanger to be opposite to the first bypass passage with
respectto the first heat exchanger. Furthermore, when the first
maximum cooling mode is set, the first switching member
opens the first bypass passage and the second switching mem-
ber opens the second bypass passage. In contrast, when the
second maximum cooling mode is set, the first switching
member closes the first bypass passage and the second
switching member closes the second bypass passage. Accord-
ingly, any one of the first and second maximum cooling
modes can be readily set.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become more apparent from the following
detailed description made with reference to the accompany-
ing drawings, in which:

FIG. 1 is a schematic sectional view of an interior air-
conditioning unit for a vehicle air conditioner in a first maxi-
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mum cooling mode where a maximum cooling operation is
performed to have an air amount priority, according to a first
embodiment of the present invention;

FIG. 2 is a schematic sectional view of the interior air-
conditioning unit in a second maximum cooling mode where
a maximum cooling operation is performed to have a low
temperature priority, according to the first embodiment;

FIG. 3 is a schematic sectional view of the interior air-
conditioning unit in a maximum heating mode according to
the first embodiment;

FIG. 4 is a schematic sectional view of the interior air-
conditioning unit in a temperature control mode according to
the first embodiment;

FIGS. 5A and 5B are a side view and a front view showing
a cooling/heating switching heat exchanger according to the
first embodiment;

FIG. 6 is a schematic view showing a refrigerant cycle and
ahot water circuit with respect to the interior air-conditioning
unit according to the first embodiment;

FIG. 7 is a block diagram of an electric control portion
according to the first embodiment;

FIG. 8 is a flow diagram showing a control process of an
air-conditioning electronic control unit (A/C ECU) according
to the first embodiment; and

FIG. 9 is a schematic sectional view showing an interior
air-conditioning unit for a vehicle air conditioner according to
a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

The first embodiment of the present invention will be now
described with reference to FIGS. 1-8. In the first embodi-
ment, an interior air-conditioning unit 10 is mounted in a
vehicle in an arrangement state shown in FIGS. 1-4.

The interior air-conditioning unit 10 includes an air-con-
ditioning unit portion 11 having therein heat exchangers, and
a blower portion 12 disposed at an upper side of the air-
conditioning unit portion 11. The blower portion 12 is con-
structed with a centrifugal fan 124, an electrical motor 125 for
driving the centrifugal fan 124, and a scroll casing 12¢ for
accommodating the centrifugal fan 12.

A suction port (not shown) of the centrifugal fan 124 is
formed on a side wall of the scroll casing 12¢ in a vehicle
right-left direction (face-back direction of paper in FIGS.
1-4), and an inside/outside air switching box (not shown) is
provided to be connected to the suction port. The inside/
outside air switching box has an outside air introduction port
for introducing air (outside air) outside a passenger compart-
ment, and an inside air introduction port for introducing air
(inside air) inside the passenger compartment. An inside/
outside air switching door is disposed to open and close the
outside air introduction port and the inside air introduction
port. The inside/outside air switching door is driven by an
inside/outside air switching mechanism having a servomotor
74.

The scroll casing 12¢ has an outlet passage 13 through
which air blown by the centrifugal fan 12a flows downwardly
from an upper side. The air-conditioning unit portion 11
includes an air conditioning case 14 for forming an air pas-
sage through which air flows from a vehicle front side to a
vehicle rear side. The outlet passage 13 of the scroll casing
12¢ communicates with the air conditioning case 14 at an
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upper portion on the vehicle frontmost side of the air condi-
tioning case 14. Generally, the air conditioning case 14 is
made of resin.

A cooling heat exchanger 15 (first heat exchanger) is dis-
posed in the air conditioning case 14 at an upstream air side
(vehicle front side), and a cooling/heating switching heat
exchanger 16 (second heat exchanger) is disposed in the air
conditioning case 14 at a downstream air side (vehicle rear
side) with respect to the cooling heat exchanger 15.

In this embodiment, a first bypass passage 17 is formed in
the air conditioning case 14 at a vehicle upper side. The first
bypass passage 17 is disposed at one side of the cooling heat
exchanger 15, so that air blown by the blower portion 12 flows
through the first bypass passage 17 to bypass the cooling heat
exchanger 15. Furthermore, the first bypass passage 17 is
arranged so that air having passed through the first bypass
passage 17 flows into the cooling/heating switching heat
exchanger 16. The first bypass passage 17 is opened and
closed by a first bypass door 18.

When the first bypass door 18 is operated to the chain line
position in FIG. 1, the first bypass door 18 fully closes the first
bypass passage 17. In this case, an upstream passage of the
cooling heat exchanger 15 is fully opened. In contrast, when
the first bypass door 18 is operated to the solid line position in
FIG. 1, the first bypass passage 17 is fully opened. Even when
the first bypass door 18 fully opens the first bypass passage
17, the upstream passage of the cooling heat exchanger 15 is
opened. For example, when the first bypass door 18 fully
opens the first bypass passage 17, the upstream passage of the
cooling heat exchanger 15 is opened by about 50%.

Furthermore, a second bypass passage 19 is formed down-
stream of the cooling heat exchanger in the air conditioning
case 14 at a vehicle lower side, that is, at an opposite side of
the cooling heat exchanger 15 with respect to the first bypass
passage 17. Moreover, the second bypass passage 19 is
arranged at one side of the cooling/heating switching heat
exchanger 16, so that air flows through the second bypass
passage 19 while bypassing the cooling/heating switching
heat exchanger 16.

Further, a communication passage 20 is formed in the air
conditioning case 14 between the first bypass passage 17 on
the vehicle upper side of the cooling heat exchanger and the
second bypass passage 19 on the vehicle lower side of the
cooling/heating switching heat exchanger 16. Through the
communication passage 20, a downstream passage 21 imme-
diately after the cooling heat exchanger 15 communicates
with an upstream passage of the cooling/heating switching
heat exchanger 16. That is, the downstream passage 21 of the
cooling heat exchanger 15 is provided to communicate with
both the second bypass passage 19 and the communication
passage 20.

A second bypass door 22 is arranged between the cooling
heat exchanger 15 and the cooling/heating heat exchanger 16
to open and close the second bypass passage 19 and the
communication passage 20. When the second bypass door 22
is operated to the solid line position in FIG. 1, the second
bypass door 22 fully opens the second bypass passage 19 and
fully closes the communication passage 20. In contrast, when
the second bypass door 22 is operated to the chain line posi-
tion in FIG. 1, the second bypass door 22 fully closes the
second bypass passage 19 and fully opens the communication
passage 20.

The first bypass door 18 is a plate door rotatable around a
rotation shaft 184, and the second bypass door 22 is a plate
door rotatable around a rotation shaft 224. One side ends of
the rotation shafts 184, 224 protrude outside of the air condi-
tioning case 14, and respectively connect with door operation
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mechanisms which are independent from each other and
respectively driven by servomotors 71, 72 shown in FIG. 7.

An air mixing portion 23 is formed at a downstream air side
of'the cooling/heating switching heat exchanger 16. A down-
stream passage of the cooling/heating switching heat
exchanger 16 and a downstream portion of the second bypass
passage 19 communicate with each other at the air mixing
portion 23. Therefore, air passing through the cooling/heating
switching heat exchanger 16 and air passing through the
second bypass passage 19 are mixed in the air mixing portion
23. The air mixing portion 23 is arranged at the vehicle rear
side from the cooling/heating switching heat exchanger 16, so
that air flows through the air mixing portion 23 form the
vehicle lower side to the vehicle upper side.

An air blowing-out opening portion 24 through which air is
blown into the passenger compartment is formed at a down-
stream air side (vehicle upper side) of the air mixing portion
23. The air blowing-out opening portion 24 is indicated as a
singular opening to be readily illustrated, although the air
blowing-out opening portion 24 is actually provided with
plural openings as well known.

The air blowing-out opening portion 24 includes, for
example, a defroster opening through which conditioned air
is blown toward an inner surface of a front windshield, a face
opening through which conditioned air is blown toward an
upper side of a passenger in the passenger compartment, and
a foot opening through which the conditioned air is blown
toward a foot portion of the passenger in the passenger com-
partment. The plural openings of the air blowing-out opening
portion 24 are opened and closed by an air outlet mode door
(not shown). The air outlet mode door is operated by an air
outlet mode operation mechanism having a driving servomo-
tor 73 shown in FIG. 7.

Next, structures of the heat exchangers 15, 16 will be now
described. The cooling heat exchanger 15 is an evaporator
provided at alow pressure side of a refrigerant cycle 50 shown
in FIG. 6. The cooling heat exchanger 15 includes multiple
flat tubes in which a low-pressure refrigerant flows, multiple
fines (e.g., corrugated fins) bonded to the tubes to enlarge a
heat conduction area of an air side, a tank member for dis-
tributing the refrigerant into the multiple flat tubes and for
collecting the refrigerant from the multiple flat tubes. In the
cooling heat exchanger 15, the low pressure refrigerant flow-
ing through the flat tubes is evaporated by absorbing heat
from air passing therethrough, so that air passing through the
cooling heat exchanger 15 in the air conditioning case 14 is
cooled.

FIG. 5A and FIG. 5B show the specific structure of the
cooling/heating switching heat exchanger 16. The heat
exchanger 16 includes refrigerant tank portions 31, 32
arranged at one end side (e.g., vehicle upper side) of the heat
exchanger 16, and hot water tank portions 33, 34 arranged at
the other end side (e.g., vehicle lower side) of the heat
exchanger 16. The refrigerant tank portions 31, 32 are parti-
tioned from each other by a partition plate 35 to be arranged
downstream and upstream in the air flowing direction. Simi-
larly, the hot water tank portions 33, 34 are partitioned from
each other by a partition plate 36 to be arranged downstream
and upstream in the air flowing direction. Here, the tank
portion 31 is a refrigerant inlet tank portion through which a
low-pressure side refrigerant of the refrigerant cycle 50 is
introduced into multiple refrigerant tubes 41, and the tank
portion 32 is a refrigerant outlet tank portion to which the
low-pressure refrigerant having passed through the refriger-
ant tubes 41 is collected. Further, the hot water tank portion 33
is a water inlet tank portion through which hot water from a
vehicle engine is introduced into multiple water tubes 42, and
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the tank portion 34 is a water outlet tank portion to which the
hot water having passed through the water tubes 42 is col-
lected.

Specifically, the refrigerant inlet tank portion 31 and the
water inlet tank portion 33 are arranged at a downstream air
side in the heat exchanger 16, and the refrigerant outlet tank
portion 32 and the water outlet tank portion 34 are arranged at
an upstream air side in the heat exchanger 16. A refrigerant
inlet 37, a refrigerant outlet 38, a water inlet 39 and a water
outlet 40 are provided in the tank portions 31, 32, 33 and 34,
respectively, at one end sides in a longitudinal direction (ve-
hicle right-left direction) of the tank portions 31, 32, 33 and
34, as shown in FIG. 5B.

The refrigerant inlet tank portion 31 and the refrigerant
outlet tank portion 32 communicate with each other through
the refrigerant tubes 41. A passage partition portion 43 is
provided in each of the refrigerant tubes 41, and is disposed at
acenter portion therein in the air flowing direction. Therefore,
a refrigerant passage in each of the refrigerant tubes 41 is
partitioned by the passage partition portion 43 into a front and
arear refrigerant passage portions in the air flowing direction,
while a U-turn refrigerant passage portion is formed at a
lower end portion in each refrigerant tube 41 as shown by the
solid line arrow “a” in FIG. 5A. That is, each of the refrigerant
tubes 41 has a U-turn refrigerant passage, through which the
refrigerant in the refrigerant inlet tank portion 31 flows. The
refrigerant from the refrigerant inlet tank portion 31 is uni-
formly distributed into the multiple refrigerant tubes 41.

Similarly, the water inlet tank portion 33 and the water
outlet tank portion 34 communicate with each other through
the water tubes 42. A passage partition portion 43 is provided
in each of'the water tubes 42, at a center portion therein in the
air flowing direction. Therefore, a water passage in each of the
water tubes 42 is partitioned by the passage partition portion
43 into a front and a rear water passage portions in the air
flowing direction, while a U-turn water passage portion is
formed at an upper end portion in each water tube 42 as shown
by the chain line arrow “b” in FIG. 5A. That is, each of the
water tubes 42 has a U-turn water passage, through which the
hot water from the hot water inlet tank portion 33 flows. The
refrigerant from the refrigerant inlet tank portion 31 is uni-
formly distributed into the multiple water tubes 42.

The multiple refrigerant tubes 41 and the multiple water
tubes 42 are arranged in multiple pairs, each of which
includes one refrigerant tube 41 and one water tube 42. Mul-
tiple corrugated fins 44 are provided in the heat exchanger 16,
and each of the corrugated fins 44 is disposed between the two
adjacent pairs of the tubes 41, 42. Each of the refrigerant tube
41 and the water tube 42 has a flat shape in which a sectional
dimension in a direction (vehicle right-left direction) parallel
to the longitudinal direction of the tanks 31, 32, 33, 34 is
shorter than a sectional dimension in the air flowing direction.
The refrigerant tubes 41 and the water tubes 42 are disposed
so that two opposite surfaces of the refrigerant tube 41 and the
water tube 42 in each pair directly contact each other. The
other two surfaces of the refrigerant tube 41 and the water
tube 42 in each pair contact the corrugated fins 44, respec-
tively. The tubes 41, 42 and the corrugated fins 44 are ther-
mally integrally bonded.

The above-described members 31-44 are made of a metal
having a sufficient heat conduction capacity such as alumi-
num, and integrally boned by brazing to construct the cool-
ing/heating switching heat exchanger 16.

In this embodiment, a height dimension L1 (shown in FIG.
1) of a heat-exchanging portion of the cooling heat exchanger
15 is set substantially equal to a height dimension 1.2 (shown
in FIGS. 1 and 5) of a heat-exchanging portion of the cooling/
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heating switching heat exchanger 16. A cooling capacity of
the cooling heat exchanger 15 is set substantially equal to that
of'the cooling/heating switching heat exchanger 16. Here, the
heat-exchanging portions of the cooling heat exchanger 15
and the cooling/heating switching heat exchanger 16, which
include the tubes and the fins as described above, are called as
air passing portions through which air passes.

Next, the refrigerant cycle 50 and a hot water circuit 60 in
this embodiment will be now described with reference to FIG.
6. The refrigerant cycle 50 includes a compressor 51 driven by
a vehicle engine 61 in the hot water circuit 60, through an
electromagnetic clutch 51a. A discharge side of the compres-
sor 51 is connected to an inlet portion of a refrigerant receiver
53 through a condenser 52. The refrigerant in the condenser
52 is cooled by air (cooling air) blown by an electric cooling
fan 52a.

An outlet portion of the refrigerant receiver 53 is connected
to a thermal expansion valve 54 so that liquid refrigerant
separated in the refrigerant receiver 53 is supplied to the
thermal expansion valve 54. A downstream side of the ther-
mal expansion valve 54 is connected to a refrigerant switch-
ing valve 55. The refrigerant switching valve 55 is switched to
introduce a low pressure refrigerant having passed the ther-
mal expansion valve 54 into the cooling/heating switching
heat exchanger 16 or the cooling heat exchanger 15.

The refrigerant switching valve 55 is constructed with a
three-way electromagnetic valve. A first outlet passage 55a of
the refrigerant switching valve 55 is connected to the refrig-
erant inlet 37 of the cooling/heating switching heat exchanger
16. The refrigerant outlet 38 of the cooling/heating switching
heat exchanger 16 is connected to a refrigerant inlet 57 of the
cooling heat exchanger 15 through a communication pipe 56.
Accordingly, when the first outlet passage 554 is opened by
the refrigerant switching valve 55, the low pressure refriger-
ant having passed through the thermal expansion valve 54
firstly flows into the cooling/heating switching heat
exchanger 16, and thereafter flows into the cooling heat
exchanger 15. A refrigerant outlet 58 of the cooling heat
exchanger 15 is connected to a suction side of the compressor
51 through a refrigerant suction pipe 59.

Moreover, a second outlet passage 555 of the refrigerant
switching valve 55 is connected to the communication pipe
56 ata predetermined position. Accordingly, when the second
outlet passage 556 is opened by the refrigerant switching
valve 55, the low pressure refrigerant having passed through
the thermal expansion valve 54 directly flows into the cooling
heat exchanger 15 and bypasses the cooling/heating switch-
ing heat exchanger 16. Moreover, an opening degree of the
thermal expansion valve 54 is adjusted so that a super-heating
degree of refrigerant (refrigerant flowing into the suction pipe
59) at the refrigerant outlet 58 of the cooling heat exchanger
15 is maintained at a predetermined value.

In FIG. 6, the hot water circuit 60 is indicated by a two-
point chain line. The vehicle engine 61 is provided with a
mechanical water pump 62 driven by a rotating force of the
vehicle engine 61. The water pump 62 pumps the hot water
(engine-cooling water) so that the hot water circulates in a
radiator 64 through a thermostat 63.

The thermostat 63 is a well-known thermal-responding
valve. When the temperature of the hot water is smaller than
a predetermined value, a water passage to the radiator 64 is
closed, and the hot water flows through a water bypass pas-
sage 65. When the temperature of the hot water is equal to or
larger than the predetermined value, the water passage to the
radiator 64 is opened and the hot water flows through the
radiator 64.
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Moreover, a hot water outlet portion 61a of the vehicle
engine 61 is connected to the water inlet 39 of the cooling/
heating switching heat exchanger 16 through a hot water
switching valve 66 constructed of an electromagnetic valve.
The water outlet 40 of the cooling/heating switching heat
exchanger 16 is connected to a suction side of the water pump
62.

Next, an electric control operation in this embodiment will
be now described with reference to FIG. 7. An air-condition-
ing electronic control unit 70 (A/C ECU) includes a micro-
computer and circuits. According to a program stored in the
microcomputer beforehand, a predetermined calculation is
performed to control various operations of the members of the
interior air-conditioning unit 10.

An output side of the air-conditioning electronic control
unit 70 is connected to the refrigerant switching valve 55, the
hot water switching valve 66, the electrical motor 126 for
driving the centrifugal fan 12a of the blower portion 12, the
servomotor 71 for driving the first bypass door 18, the servo-
motor 72 for driving the second bypass door 22, the servo-
motor 73 for driving the air outlet mode door, the servomotor
74 for driving the inside/outside air switch door, and the
electromagnetic clutch 51a of the compressor 51.

Detected signals of multiple sensors 75 and operation sig-
nals from the air conditioning control panel 76 are inputted to
an input side of the air-conditioning electronic control unit
70. The multiple sensors 75 include an outside air tempera-
ture sensor for detecting a temperature of air (outside air)
outside the vehicle, an inside air temperature sensor for
detecting an inside air temperature in the passenger compart-
ment, a solar radiation sensor for detecting a solar radiation
amount irradiated to the passenger compartment, a hot water
temperature sensor of the vehicle engine 61, and a heat
exchanger temperature sensor for detecting a temperature of
air blown from the cooling heat exchanger 15 and the cooling/
heating switching heat exchanger 16.

The air conditioning control panel 76 is provided with an
inner temperature set switch, an air amount switch of the
blower 12, an inside/outside air mode switch of the inside/
outside air switch door, and an air outlet mode switch of the
air blowing-out mode door.

Next, operation of various control modes shown FIGS. 1-4
which are set by the air-conditioning electronic control unit
70 will be now described. Setting of the various control
modes will be described later.

FIG. 1 shows a first maximum cooling mode where a
maximum cooling operation is performed to have an air
amount priority. In the first maximum cooling mode, the first
bypass door 18 is operated by the driving servomotor 71 to the
solid line position in FIG. 1 to fully open the first bypass
passage 17. In this case, air from the blower 12 is guided by
the first bypass door 18 to be introduced to both the first
bypass passage 17 and the upstream side of the cooling heat
exchanger 15 approximately by the same degree. Similarly,
the second bypass door 22 is operated by the servomotor 72 to
the solid line position in FIG. 1 to fully open the second
bypass passage 19 and to fully close the communication
passage 20.

Further, in the refrigerant cycle 50, while the electromag-
netic clutch 51q is engaged to operate the compressor 51, the
first outlet passage 55a of the refrigerant switching valve 55 is
opened and the second outlet passage 55b of the refrigerant
switching valve 55 is closed. Accordingly, the low-pressure
refrigerant having passed the thermal expansion valve 54
firstly flows through the cooling/heating switching heat
exchanger 16, and thereafter flows through the cooling heat
exchanger 15.
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In the hot water circuit 60, during the first maximum cool-
ing mode, the hot water switching valve 66 is closed to pre-
vent a circulation of the hot water in the water tubes 42 of the
cooling/heating switching heat exchanger 16. In this case, air
is cooled in the cooling/heating switching heat exchanger 16
due to an evaporation of the low-pressure refrigerant, and the
cooling heat exchanger functions as a cooling heat exchanger.

Accordingly, in the first maximum cooling mode, both the
cooling/heating switching heat exchanger 16 and the cooling
heat exchanger 15 are operated to cool air. As compared with
a comparison example where a single cooling heat exchanger
is used to cool air, the size of the cooling heat exchanger can
be half decreased according to this embodiment.

When the first maximum cooling mode is set as shown in
FIG. 1, the air passes through the cooling/heating switching
heat exchanger 16 after passing through the first bypass pas-
sage 17 as shown by the arrow 100 in FIG. 1. Moreover, the air
having passed the cooling heat exchanger 15 flows through
the second bypass passage 19 as shown by the arrow 101 in
FIG. 1.

Accordingly, as compared with a case shown in FIG. 2
(described later) in which air passes through the heat
exchangers 15 and 16 in series with respect to the air flowing
direction in the air conditioning case 14, an air-flowing pres-
sure loss in the air conditioning case 14 is effectively
decreased in this first maximum cooling mode where air
passes through the heat exchanger 15 and the heat exchangers
16 in parallel with respect to the air flowing direction in the air
conditioning case 14. Accordingly, the amount of the air
flowing into the passenger compartment is sufficiently
increased. Thus, not only a front seat zone but also a rear seat
zone, that is, the whole of the passenger compartment can be
cooled rapidly. Furthermore, an air blowing noise can be
reduced due to the decrease of the air-flowing pressure loss.

Next, a second maximum cooling mode where a maximum
cooling operation is performed to have a low temperature
priority will be now described with reference to FIG. 2. In the
second maximum cooling mode, the first bypass door 18 is
operated by the servomotor 71 to the solid line position to
fully close the first bypass passage 17, so that all of the air
blown by the blower 12 flows through the cooling heat
exchanger 15.

Moreover, the second bypass door 22 is operated by the
servomotor 72 to the solid line position to fully close the
second bypass passage 19 and to fully open the communica-
tion passage 20. As a result, all of the air having passed the
heat exchanger 15 flows through the cooling/heating switch-
ing heat exchanger 16. That is, in the second maximum cool-
ing mode, all the air blown by the blower portion 12 flows
through both the heat exchangers 15 and 16 in this order as
shown by the arrow 103 in FIG. 2. In this case, the cooling/
heating switching heat exchanger 16 is positioned on the
downstream side of the cooling heat exchanger 15 in the air
flowing direction.

During the second maximum cooling mode, the refrigerant
cycle 50 and the hot water circuit 60 are controlled similarly
to those of the first maximum cooling mode of FIG. 1. The
cooling/heating switching heat exchanger 16 also functions
as the cooling heat exchanger during the second maximum
cooling mode.

As compared with the first maximum cooling mode shown
in FIG. 1, the amount of the air blown into the passenger
compartment is decreased due to an increase of the air-flow-
ing pressure loss in this second maximum cooling mode. In
contrast, the air cooled by the cooling heat exchanger 15 on
the upstream side is cooled again by the cooling/heating
switching heat exchanger 16 on the downstream side.
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Accordingly, air blown into the passenger compartment can
be cooled rapidly even if a heat load for cooling air is large
immediately after a parking in a high environment tempera-
ture. Accordingly, alow temperature air can be directly blown
to a front seat passenger to feel comfortable.

The second maximum cooing mode in FIG. 2 is set when
there is no a rear seat passenger and temperature in the pas-
senger compartment is equal to or larger than a predetermined
value (e.g., 30° c.) at which the passenger will feel hot.

Next, a maximum heating mode shown in FIG. 3 will be
now described. In this case, the first bypass door 18 and the
second bypass door 19 are operated to the same positions as
those shown in FIG. 2, so that all the blown air flows through
the heat exchangers 15 and 16 orderly shown by the arrow
103. In the maximum heating mode, the cooling/heating
switching heat exchanger 16 is switched to be operated as the
heating heat exchanger.

During the maximum heating mode, the first outlet passage
55a of the refrigerant switching valve 55 is closed and the
second outlet passage 555 of the refrigerant switching valve
55 is opened in the refrigerant cycle 50. Accordingly, the
low-pressure refrigerant having passed the thermal expansion
valve 54 directly flows into the cooling heat exchanger 15
through the refrigerant switching valve 55. Therefore, the
refrigerant does not flow through the refrigerant tube 41 of the
cooling/heating switching heat exchanger 16.

During the maximum heating mode, the hot water switch-
ing valve 66 in the hot water circuit 60 is opened, so that the
hot water from the vehicle engine 61 is pumped by the water
pump 62 to circulate in the hot water tube 42 of the cooling/
heating switching heat exchanger 16. Thus, the hot water is
used as a heat source to heat air flowing through the cooling/
heating switching heat exchanger 16 which functions as the
heating heat exchanger.

In this maximum heating mode, all the air having passed
the cooling heat exchanger 15 is heated by the cooling/heat-
ing switching heat exchanger 16. As shown in FIG. 3, during
the maximum heating mode, the first bypass passage 17 is
fully closed by the first bypass door 18 and the second bypass
19 is fully closed by the second bypass door 22. As aresult, all
the air blown by the blower 12 flows through the cooling heat
exchanger 15 to be cooled and dehumidified therein, and
thereafter flows through the cooling/heating switching heat
exchanger 16 to be heated therein. Thus, air blown into the
passenger compartment can be sufficiently dehumidified and
heated.

Next, a temperature control mode will be now described
with reference to FIG. 4. In this case, the temperature of air to
be blown into the passenger compartment is controlled to a
target temperature in a predetermined middle temperature
range. During the temperature control mode, the first bypass
door 18 is operated to the solid line position to fully close the
first bypass passage 17 as shown in FIG. 4. Thus, all the air
blown by the blower 12 flows into the cooling heat exchanger
15 to be dehumidified.

Similarly to the maximum heating mode shown in FIG. 3,
the cooling/heating switching heat exchanger 16 functions as
the heating heat exchanger in this temperature control mode.
In this case, all air blown by the blower 12 flows into the
cooling heat exchanger 15. A part of the air having passed
through the cooling heat exchanger 15 will be heated by the
heat exchanger 16. An opening degree of the second bypass
door 22 is changed to adjust a ratio between an air amount
flowing from the cooling heat exchanger 15 into the cooling/
heating switching heat exchanger 16 (shown by arrow 104)
through the communication passage 20, and an air amount
flowing from the cooling heat exchanger 15 into the second
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bypass passage 19 (shown by arrow 105) while bypassing the
cooling/heating switching heat exchanger 16. Accordingly,
the temperature of a mixed air to be blown into the passenger
compartment can be controlled at the target air temperature in
the predetermined temperature range.

In FIG. 4, when the second bypass door 22 is operated to
the chain line position 106, the communication passage 20 is
fully closed similarly to the above-described maximum cool-
ing modes. When the second bypass door 22 is operated to the
chain line position 107, the second bypass passage 19 is fully
closed similarly to the above-described maximum heating
mode.

In the temperature control mode, only the heat exchanger
15 functions as the cooling heat exchanger, and the heat
exchanger 16 functions as the heating heat exchanger. How-
ever, a cooling capacity due to the cooling heat exchanger 15,
which is about half of that due to both of the heat exchangers
15, 16, can satisfy the practical air conditioning requirement
because the cooling capacity (dehumidification capacity) to
be necessary in the temperature control mode or the maxi-
mum heating mode is sufficiently smaller than that to be
necessary in the first or second maximum cooling mode.

In the second maximum cooling mode shown in FIG. 2, the
low pressure refrigerant firstly flows through the cooling/
heating switching heat exchanger 16 disposed at the down-
stream air side, and thereafter flows through the cooling heat
exchanger 15 disposed at the upstream air side. Accordingly,
in the heat exchangers 15 and 16, the flowing direction of the
refrigerant is opposite to that of the air. Therefore, a tempera-
ture difference between the refrigerant and air can be
increased, and heat exchanging efficiency can be effectively
improved in both of the heat exchangers 15, 16.

Moreover, when the cooling/heating switching heat
exchanger 16 is used as the heating heat exchanger, the hot
water flows therein in a direction opposite to the air flowing
direction. Therefore, a temperature difference between the air
and the hot water in the whole hot water flowing area of the
cooling/heating switching heat exchanger 16 can be
increased, and heat exchanging efficiency can be effectively
improved in the cooling/heating heat exchanger 16.

Next, control operation performed by the microcomputer
of the air-conditioning electric control unit 70 will be
described with reference to FIG. 8. In this embodiment, the
microcomputer of the air-conditioning electric control unit 70
performs determining operation for determining an operation
mode such as the first maximum cooling mode, the second
maximum cooling mode, the maximum heating mode and the
temperature control mode.

At step S10 in FIG. 8, a target blowing-out temperature
TAO of air to be blown into the passenger compartment is
firstly calculated based on a set temperature Tset set by a
passenger in the passenger compartment, an inside air tem-
perature Tr, an outside air temperature Tam and a solar radia-
tion amount Ts. As well known, the target blowing-out tem-
perature TAO is a temperature necessary for maintaining the
temperature Tset in the passenger compartment, regardless of
a variation of the heat load of the vehicle.

Atstep S20, it is determined whether the maximum cooling
mode is set or not. For example, when the target blowing-out
temperature TAO is higher than the temperature of air blown
from the cooling heat exchanger 15, it is determined that the
operation mode is not the maximum cooling mode. Thus, NO
is determined at step S20, and step S30 will be performed to
set the temperature control mode or the maximum heating
mode. In contrast, when the target blowing-out temperature
TAO is lower than the temperature of the air blown from the
cooling heat exchanger 15, it is determined that the maximum
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cooling mode is set. Thus, YES is determined at step S20, and
step S40 will be performed to determine whether there is a
passenger on the rear seat or not by using a seat switch (not
shown) disposed on the rear seat or an infrared rays sensor
(not shown).

At step S40, when it is determined that the rear seat pas-
senger exists, the first maximum cooling mode is set at step
S50. When the rear seat passenger does not exist, that is, there
is only the front seat passenger, step S60 is performed.

At step S60, it is determined whether the inside air tem-
perature Tr of the passenger compartment is equal to or larger
than a predetermined temperature To or not. The predeter-
mined temperature To is a predetermined value in which the
passenger may feel hot, for example, 30° c. When it is deter-
mined that the inside air temperature Tr is equal to or higher
than the predetermined temperature To at step S60, step S70
is performed. At step S70, the second maximum cooling
mode is set. When the inside air temperature Tr is lower than
the predetermined temperature To, step S50 is performed. At
the step S50, the first maximum cooling mode is set even if
there is only the front seat passenger. The above control
operation shown in FIG. 8 is repeated by the air-conditioning
electric control unit 70 after the interior air-conditioning unit
10 is started.

As described above, in this embodiment, when the first
maximum cooling mode with an air amount priority is set,
both of the heat exchangers 15 and 16 are used as the cooling
heat exchanger to have a maximum cooling capacity while
the air-flowing pressure loss is reduced. Therefore, the inside
air temperature Tr of the passenger compartment can be set to
be equal to or lower than the set temperature Tset in a shorter
time. Moreover, the air blowing noise can be reduced due to
the decrease of the air-flowing pressure loss. In contrast,
when there is no rear seat passenger and the inside air tem-
perature Tr of the passenger compartment is higher than the
predetermined temperature To, the second maximum cooling
mode is set so that air having a low temperature is blown to the
passenger on the front seat.

Second Embodiment

In the above-described first embodiment, when the tem-
perature control mode shown in FIG. 4 is set, the first bypass
door 18 is operated to the solid line position to fully close the
first bypass passage 17, and the rotation position (i.e., open-
ing degree) of the second bypass door 22 is changed so that
the temperature of the air blown into the passenger compart-
ment is controlled to a target temperature in the predeter-
mined temperature range.

In the second embodiment, as shown in FIG. 9, when the
temperature control state is set, the second bypass door 22 is
operated to the solid line position to fully close the commu-
nication passage 20, and the rotation position (opening
degree) of the first bypass door 18 is changed so that the
temperature of air blown into the passenger compartment is
controlled.

According to the second embodiment, a part of air blown
by the blower 10 bypasses the cooling heat exchanger 15 to
flow through the first bypass passage 17 (shown by arrow
100). In this case, the air blown by the blower is not dehu-
midified. At the same time, the other part of air blown by the
blower 10 flows through the cooling heat exchanger 15 and is
introduced into the second bypass passage 19 which is fully
opened as shown by arrow 105. In this case, because air
passes through the heat exchangers 15, 16 in parallel with
respect to the air flowing direction, the air-flowing pressure
loss during the temperature control mode can be decreased.
Therefore, the air blowing noise in the temperature control
mode can be decreased.
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However, because the second bypass passage 19 cannot be
fully closed by only using the first bypass door 18, the maxi-
mum heating mode or a high temperature area of the prede-
termined temperature range cannot be set. In the second
embodiment, for setting the maximum heating mode, the first
bypass door 18 is operated to the chain line position 108 to
fully open the first bypass passage 17, and the second bypass
door 22 is operated to the chain line position 107 to fully close
the second bypass passage 19. Accordingly, all of the blown
air of the blower 10 flows through the cooling/heating heat
exchanger 16 to be heated therein, so that the maximum
heating mode can be set. Moreover, the high temperature area
of the predetermined temperature range can be set when the
second bypass door 22 is operated to a position near the chain
line position 107 at which the second bypass passage 19 is
fully closed. In the second embodiment, the other parts are
similar to those of the above-described first embodiment.

Other Embodiment

Although the present invention has been fully described in
connection with the preferred embodiments thereof with ref-
erence to the accompanying drawings, it is to be noted that
various changes and modifications will become apparent to
those skilled in the art.

For example, in the above-described first embodiment,
when the first maximum cooling mode is set as shown in FI1G.
1, the second bypass door 22 is arranged to the solid line
position to fully close the communication passage 20. How-
ever, during the first maximum cooling mode with the air
amount priority, the second bypass door 22 can be also oper-
ated to partly open the communication passage 20 while a
passage area of the second bypass passage 19 is not largely
reduced.

In the above-described first embodiment, the first maxi-
mum cooling mode with the air amount priority and the
second maximum cooling mode with the low temperature
priority operation are automatically switched by the air-con-
ditioning electronic control unit 70. However, additional first
and second maximum cooling mode operating switches,
which are manually selected by the passenger, can be pro-
vided to set the first or second maximum cooling mode in
which the air amount or the low temperature is made prior.

In the above-described first embodiment, the low tempera-
ture refrigerant (low temperature medium) on the low pres-
sure side of the refrigerant cycle 50 or the hot water (high
temperature medium) of the hot water circuit 60 is selectively
introduced to the cooling/heating heat exchanger 16, so that
the cooling/heating heat exchanger 16 functions as the cool-
ing heat exchanger or the heating heat exchanger. However,
the structure of the cooling/heating heat exchanger 16 of the
present invention is not limited to that, and can be changed.

For example, a cool water circuit (e.g., brine circuit) can be
provided, in which water is cooled by the low temperature
refrigerant on the low pressure side of the refrigerant cycle 50.
The cool water (e.g., brine) of the cool water circuit and the
hot water (i.e., high temperature medium) of the hot water
circuit 60 are switched to be selectively introduced into the
cooling/heating heat exchanger 16. In this case, it is unnec-
essary to construct two kinds of fluid passages including the
refrigerant tube 41 and the water tube 42. That is, one kind of
the fluid passage is sufficient in the cooling/heating heat
exchanger 16, in which any one of the cool water from the
cool water circuit and the hot water from the hot water circuit
60 flows. Accordingly, the structure of the cooling/heating
heat exchanger 16 can be simplified as compared with the
structure of the first embodiment.

Moreover, the low temperature refrigerant (low tempera-
ture medium) on the low pressure side of the refrigerant cycle
50 and a high temperature refrigerant (high temperature
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medium) on the high pressure side of the refrigerant cycle 50
can be also switched to be selectively introduced into the
cooling/heating heat exchanger 16, so that the cooling/heat-
ing heat exchanger 16 can be used as the cooing heat
exchanger or the heating heat exchanger. In this case, the
cooling/heating heat exchanger 16 can be provided with the
cooling function and the heating function only using the
refrigerant cycle 50 without using the hot water circuit 60.

In the above-described first embodiment, because the inte-
rior air-conditioning unit 10 (i.e., case 14) is arranged inside
a dashboard which is disposed at the front part of the passen-
ger compartment, the conditioned air from the air blowing-
out opening portion 24 of the case 14 is mainly blown to the
front seat passenger. However, a rear seat air blowing-out
opening portion can be also provided in the case 14 of the
interior air-conditioning unit 10, and is connected with a rear
seat connecting duct so that the conditioned air is blown to the
rear seat passenger of the passenger compartment.

In the above-described first embodiment, the cooling/heat-
ing heat exchanger 16 is used as the second heat exchanger
disposed at the downstream air side in the case 14. If the
vehicle is used in a tropical zone so that the heating function
is not needed, a heat exchanger having only the cooling func-
tion can be also disposed at the downstream air side of the first
heat exchanger as the second heat exchanger in the case 14. In
this case, the second heat exchanger cools air only in the
maximum cooling mode and around the maximum cooling
mode. In the temperature control mode, the second heat
exchanger dose not cool air, and is used only as an air passage.

Such changes and modifications are to be understood as
being within the scope of the present invention as defined by
the appended claims.

What is claimed is:
1. An air conditioner in combination with a vehicle having
a passenger compartment, the air conditioner comprising:
an air conditioning case in which air flows toward the
passenger compartment;

a first heat exchanger for cooling air, the first heat
exchanger being disposed in the air conditioning case to
define a first bypass passage through which air flows
while bypassing the first heat exchanger, at one side of
the first heat exchanger in the air conditioning case;

a first switching member for opening and closing the first
bypass passage;

a second heat exchanger disposed at a downstream air side
of'the first heat exchanger in the air conditioning case to
define a second bypass passage through which air flows
in the air conditioning case while bypassing the second
heat exchanger at the other end side relative to the first
heat exchanger, the second heat exchanger being
switched to have a cooling function for cooling air or a
heating function for heating air;

a second switching member for opening and closing the
second bypass passage;

means for calculating a target temperature that is a tem-
perature necessary for maintaining a set temperature set
by a passenger in the passenger compartment;

maximum cooling determining means for determining
whether a control state of air to be blown into the pas-
senger compartment is a maximum cooling state, based
on the target temperature;

rear passenger determining means for determining whether
a passenger exists on a rear seat in the passenger com-
partment;

means for setting a first maximum cooling mode in which
a maximum cooling operation is performed with a pri-
ority for an air flow amount, when the maximum cooling
determining means determines the maximum cooling
state and when the rear passenger determining means
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determines that a passenger exists on the rear seat in the
passenger compartment; and
means for setting a second maximum cooling mode in
which a maximum cooling operation is performed with
apriority for an air temperature, when the rear passenger
determining means determines that no passenger exists
on the rear seat in the passenger compartment and an
inside temperature of the passenger compartment is
higher than a predetermined temperature.
2. The combination according to claim 1, further compris-
ing:
the means for setting a first maximum cooling mode in
which a maximum cooling operation is performed to
have an air amount priority causes air to flow through the
first and second heat exchangers in parallel; wherein
in the first maximum cooling mode, the setting means
switches the second heat exchanger to have the cooling
function for cooling air, the first switching member to
open the first bypass passage, and the second switching
member to open the second bypass passage.
3. The combination according to claim 1, further compris-
ing:
the means for setting a second maximum cooling mode in
which a maximum cooling operation is performed to
have an air temperature priority causes air to flow
through the first and second heat exchangers in series;
wherein
in the second maximum cooling mode, the setting means
switches the second heat exchanger to have the cooling
function for cooling air, the first switching member to
close the first bypass passage, and the second switching
member to close the second bypass passage.
4. The air conditioner combination according to claim 1,
further comprising:
means for setting a maximum heating mode for heating the
passenger compartment in maximum, the setting means
switching the second heat exchanger to have the heating
function for heating air, wherein, in the maximum heat-
ing mode the setting means switches the second switch-
ing member to close the second bypass passage.
5. The combination according to claim 1, wherein:
the first heat exchanger and the second heat exchanger
communicate with each other through a communication
passage;
when the first switching member fully opens the first
bypass passage, air flows through both the first heat
exchanger and the first bypass passage by a predeter-
mined ratio; and
when the second switching member fully opens the second
bypass passage, the communication passage is closed by
the second switching member.
6. The combination according to claim 1, further compris-
ing:
means for setting a temperature control mode where a
temperature of air to be blown into the passenger com-
partment is adjusted, the setting means switching the
second heat exchanger to have the heating function for
heating air, wherein, in the temperature control mode the
setting means switches the second switching member to
adjust a ratio between an air amount flowing through the
second bypass passage and an air amount flowing
through the second heat exchanger to control the tem-
perature of air blown into the passenger compartment.
7. The combination according to claim 1, further compris-
ing:
means for setting a temperature control mode where a
temperature of air to be blown into the passenger com-
partment is adjusted, the setting means switching the
second heat exchanger to have the heating function for
heating air, wherein, in the temperature control mode,
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the setting means switches the second switching mem-
ber to close the communication passage, and the first
switching member to adjust a ratio between an air
amount flowing through the first bypass passage and an
air amount flowing through the first heat exchanger to
control the temperature of air blown into the passenger
compartment.

8. The air conditioner combination according to claim 1,

further comprising:

means for introducing a low temperature medium from a
low temperature medium circuit into the second heat
exchanger; and

means for introducing a high temperature medium from a
high temperature medium circuit into the second heat
exchanger.

9. The combination according to claim 2, wherein:

the air conditioning case is disposed at a front portion in the
passenger compartment to blow air to a front seat portion
in the passenger compartment.

10. An air conditioner in combination with a vehicle having

a passenger compartment, the air conditioner comprising:
an air conditioning case in which air flows toward the
passenger compartment;

afirstheat exchanger disposed at an upstream air side in the
air conditioning case for cooling air;

a second heat exchanger having at least a cooling function,
the second heat exchanger being disposed at a down-
stream air side of the first heat exchanger in the air
conditioning case; and

air flow switching means disposed in the air conditioning
case for switching an air flow in each of the first and the
second heat exchangers;

means for setting a first maximum cooling mode where a
maximum cooling operation is performed to have an air
amount priority is set, the second heat exchanger has the
cooling function, the air flow switching means switches
the air flows of the first and the second heat exchangers
such that air flows through the first and the second heat
exchangers in parallel; and

means for calculating a target temperature that is a tem-
perature necessary for maintaining a set temperature set
by a passenger in the passenger compartment;

maximum cooling determining means for determining
whether a control state of air to be blown into the pas-
senger compartment is a maximum cooling state, based
on the target temperature;

rear passenger determining means for determining whether
a passenger exists on a rear seat in the passenger com-
partment;

the means for setting sets a first maximum cooling mode in
which a maximum cooling operation is performed with
a priority for an air flow amount, when the maximum
cooling determining means determines the maximum
cooling state and when the rear passenger determining
means determines that a passenger exists on the rear seat
in the passenger compartment; and

means for setting a second maximum cooling mode in
which a maximum cooling operation is performed with
a priority for low air temperature, when the rear passen-
ger determining means determines that no passenger
exists on the rear seat in the passenger compartment and
an inside temperature of the passenger compartment is
higher than a predetermined temperature; wherein

the second heat exchanger is a cooling/heating switching
heat exchanger constructed to be switched between the
cooling function for cooling air and a heating function
for heating air.

11. The combination according to claim 10, further com-

prising:
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when the means for setting a second maximum cooling
mode where a maximum cooling operation is performed
to have a low temperature priority is set, the second heat
exchanger has the cooling function, the air flow switch-
ing means switches the air flows of the first and the
second heat exchangers such that air flows through the
first and the second heat exchangers in series.

12. The combination according to claim 11, wherein: the

air flow switching means includes

a first bypass passage through which air flows while
bypassing the first heat exchanger, the first bypass pas-
sage being provided at one side of the first heat
exchanger in the air conditioning case,

a first switching member for opening and closing the first
bypass passage,

a second bypass passage through which air flows while
bypassing the second heat exchanger, the second bypass
passage being provided in the air conditioning case at
one side of the second heat exchanger opposite to the
first bypass passage with respect to the first heat
exchanger, and

a second switching member for opening and closing the
second bypass passage;

when the means for setting the first maximum cooling
mode is set, the first switching member opens the first
bypass passage and the second switching member opens
the second passage; and

when the means for setting the second maximum cooling
mode is set, the first switching member closes the first
bypass passage and the second switching member closes
the second bypass passage.

13. The combination according to claim 10, further com-

prising:

means for introducing a low temperature medium from a
low temperature medium circuit into the second heat
exchanger; and

means for introducing a high temperature medium from a
high temperature medium circuit into the second heat
exchanger.

14. The combination according to claim 10, wherein:

the air conditioning case is disposed at a front portion in the
passenger compartment to blow air to a front seat portion
in the passenger compartment.

15. The combination according to claim 11, further com-

prising:

the rear passenger determining means including a first
determining unit for determining whether there is a rear
seat passenger in the passenger compartment; and

a second determining unit for determining whether a tem-
perature in the passenger compartment is equal to or
higher than a predetermined value, wherein:

the air conditioning case is disposed at a front portion in the
passenger compartment to blow air to a front seat portion
in the passenger compartment;

when the first determining unit determines that the rear seat
passenger does not exist and the second determining unit
determines that the temperature in the passenger com-
partment is equal to or higher than the predetermined
value, the second maximum cooling mode is set by the
means for setting a second maximum cooling mode; and

when the first determining unit determines that the rear seat
passenger does not exist and the second determining unit
determines that the temperature in the passenger com-
partment of the vehicle is lower than the predetermined
value, the first maximum cooling mode is set by the
means for setting a first maximum cooling mode.
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