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[57] ABSTRACT

The present invention provides an air conditioner for
use in a vehicle that gives a comfortable air-condition-
ing feeling even when only one passenger is seated in a
vehicle cabin, and the air-conditioning load of a heat
exchanging means such as an evaporator can be reduced
as low as possible. When only a driver is seated and an
inside air circulation mode is employed in a cooling
mode operation, the air blowing mode on the passenger
seat side is set to a foot mode, and the degree of opening
of an air mix damper 15b on the passenger seat side is set
at 0%. Due to the foregoing, a ¢old wind blown out
from a passenger seat lower outlet 115 is immediately
sucked into an inside air entrance 25 open to a foot
portion of the passenger seat, so that the temperature of
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1
AIR CONDITIONER FOR USE IN A VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an air conditioner,
for use in a vehicle, that blows conditioned air to a
plurality of spaces in a vehicle cabin, and more particu-
larly relates to air conditioning control conducted when
only one passenger is seated in the vehicle cabin.

2. Description of the Related Art

For example, as disclosed in Japanese Unexamined
Patent Publication (Kokai) No. 57-167819, an air condi-
tioner for use in a vehicle is conventionally known in
which the temperature in a space on the driver’s seat
side and that in a space on the passenger seat side are
independently controlled in accordance with the set
temperature of a temperature set device on the driver’s
seat side and that of a temperature setting device on the
passenger seat side.

According to the conventional technique described
above, even when only a driver is seated in a vehicle
cabin, the temperature in a space on the passenger seat
side is controlled. Accordingly, air conditioning can be
comfortably conducted for the driver. On the other
hand, energy is wasted to conduct air conditioning for
the space on the passenger seat side, which is referred to
as a first problem, hereinafter. _

According to Japanese Unexamined Utility Model
Publication (Kokai) Nos. 59-186114 and 61-128114, an
air conditioner for use in a vehicle is disclosed in which
only a space on the driver’s seat side is air-conditioned
and a space on the passenger seat side and that on the
rear seat’s side are not air-conditioned when only a
driver is seated in the vehicle cabin.

In this air conditioner, the first problem described
above can be solved from the viewpoint of conducting
air conditioning only in the space on the driver’s seat
side. On the other hand, when air conditioning is con-
ducted in the rays of the summer sun in accordance
with the inside air circulation mode, whereas the space
on the passenger seat side and that on the rear seat side
are not air-conditioned, the temperature rises in these
spaces. As a result, the average temperature in the vehi-
cle cabin is raised. Inside air of a high temperature is
sucked into an air conditioning duct from an inside air
entrance, and introduced to an upstream portion of an
evaporator. As a result, the temperature of air in the
upstream portion of the evaporator is raised, and a dif-
ference of enthalpy of air is increased before and after it
passes through the evaporator.

When the difference of enthalpy of air before and
after it passes through the evaporator is increased, the
cooling load of the evaporator is increased. As a result,
the power consumption of a compressor is increased,
which is referred to as a second problem, hereinafter.

The first and second problems are not necessarily
caused when the difference of enthalpy of air before and
after it passes through the evaporator is increased. For
example, in the case where a heat exchanger such as a
hot water type heater, electric heater, combustion type
heater and Peltier element is provided instead of the
evaporator, the first and second problems are also
caused when the difference of enthalpy of air before and
after it passes through the heat exchanger is increased.
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SUMMARY OF THE INVENTION

In view of the first and second problems, an object of
the present invention is to provide an air conditioner for
use in a vehicle by which air conditioning can be com-
fortably conducted for a passenger when only one pas-
senger is seated in the vehicle and at the same time the
air conditioning load of a heat exchanger such as an
evaporator and hot water type heater can be reduced as
much as possible.

In order to accomplish the aforementioned object,
the present invention provides an air conditioner for use
in a vehicle essentially constructed in the following
manner.

The present invention provides an air conditioner for
use in a vehicle, comprising: an air duct, one end of
which is connected with an inside air entrance open to
a vehicle cabin and also connected with an outside air
entrance open to the outside of the vehicle cabin, and
the other end of which is connected with a plurality of
outlets open at positions opposed to each seat in the
vehicle cabin; an air blowing means to generate an air
flow in the air duct; a heat exchanging means provided
in the air duct so as to exchange heat with air in the air
duct; an inside and outside air change-over means selec-
tively changing over between the inside and the outside
air entrances; an air outlet change-over means selec-
tively changing over the plurality of air outlets; a seat-
ing detection means to detect whether or not each pas-
senger is seated in each seat; and an air outlet change-
over control means controlling the outlet change-over
means so that an outlet open to a position opposed to a
passenger seat and an outlet most close to the inside air
entrance can be opened when it is judged by the seating
detection means that only one passenger is seated in his
seat and also when the inside air entrance is opened by
the inside and outside air change-over means.

In the first embodiment showing the essential techni-
cal construction of the present invention, the air condi-
tioner for use in a vehicle, comprises: an air duct, one
end of which is connected with an inside air entrance
open to a vehicle cabin, and the other end of which is
connected with a plurality of outlets open at positions
opposed to each seat in the vehicle cabin; an air blowing
means to generate an air flow in the air duct; a heat
exchanging means provided in the air duct so as to
exchange heat with air in the air duct; an air outlet
change-over means selectively changing over the plu-
rality of air outlets; a seating detection means to detect
whether or not each passenger is seated in each seat;
and an air outlet change-over control means controlling
the outlet change-over means so that an outlet open to
a position opposed to a passenger seat and an outlet
closest to the inside air entrance can be opened when it
is judged by the seating detection means that only one
passenger is seated in his seat.

In the above description, the term of each seat does
not necessarily indicate all of the seats including the
driver’s seat, the passenger seat and the rear seats. For
example, the term each seat may indicate only the driv-
er’s and passenger seats. In the above description, the
term a plurality of outlets includes a case in which each
seat is provided with one air outlet, and also includes a
case in which each seat is provided with a plurality of
air outlets. In the above description, a case in which an
outlet closest to the inside air entrance is opened in-
cludes not only a case in which the outlet is completely
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opened but also a case in which the outlet is opened a
little.

In the above essential embodiment of the present
invention, when the blowing means is driven, the inside
air is introduced into the air duct through the inside air
entrance.

The air outlet change-over control means controls
the outlet change-over means so that an outlet open to
a position opposed to a passenger seat and an outlet
closest to the inside air entrance can be opened only
when the passenger is seated in his seat. As a result of
the foregoing, the introduced air is subjected to heat
exchange by the heat exchange means, and blows
against the passengers, and also blows out from the
outlet closest to the inside air entrance. The conditioned
air blown out from the outlet is sucked into the air duct
through the inside air entrance located close to this
outlet. As a result, the passenger fecls comfortable
when the conditioned air blows toward him, and the
conditioned air blown out from the outlet closest to the
inside air entrance can be sucked into the inside air
entrance without being circulated in the entire vehicle
cabin.

As described above, the conditioned air is sucked into
the air duct from the inside air entrance without being
circulated in the entire vehicle cabin. In other words,
even when the average temperature in the vehicle cabin
is raised due to the heat transmitted from the outside of
the vehicle cabin, the conditioned air is not affected by
this heat and is sucked into the air duct from the inside
air entrance with the temperature of the air maintained
to be substantially the same. Then, the conditioned air is
introduced to the upstream position of air flow of the
heat exchange means.

For example, when the aforementioned heat ex-
change means is used as a cooling means to cool air, a
cold wind is blown out from an outlet closest to the
inside air entrance. Even when the average temperature
in the vehicle cabin is raised by the rays of the sun at this
time, the cold wind is sucked back into the inside air
entrance without the temperature of the cold wind
being raised. Consequently, the cold wind, the tempera-
ture of which is maintained to be low, is introduced to
the upstream position of the air flow of the cooling
means (the heat exchange means). When the tempera-
ture of air in the upstream portion of the cooling means
is low, the difference of the enthalpy of the air before
and after it passes through the cooling means becomes
small, so that the air conditioning load of the cooling
means is reduced. As a result of the foregoing, for exam-
ple, in the case where electric power is supplied to the
cooling means from a battery of the vehicle, power
consumption of the battery is reduced.

For example, in the case where the aforementioned
heat exchanging means is used as an air heating means
to heat air, 2 hot wind is blown from an outlet closest to
the inside air entrance. Even when the average temper-
ature in the vehicle cabin is lowered by to the cold
atmosphere at this time, the hot wind is sucked back
into the air duct through the inside air entrance before
the hot wind is sufficiently cooled Then, the hot wind
sucked back in and having a high temperature is intro-
duced to the upstream position of the air flow of the
heating means (the heat exchange means). When the
temperature of air in the upstream position of the air
flow in the heating means is high, the difference of
temperature of the air before and after it passes through
the heating means is small, so that the air conditioning
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load of the heating means is reduced. As a result of the
foregoing, for example, in the case where electric
power is supplied to the heating means from a battery of
the vehicle, power consumption of the battery is re-
duced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an overall arrangement view of the air duct
system of the first example of the present invention;

FIG. 2 is a schematic illustration showing a refriger-
ating cycle used in the first example;

FIG. 3 is a flowchart showing the procedure of air
conditioning control of the first example;

FIG. 4 is a flowchart showing the procedure of air
conditioning control of the first example;

FIG. § is a correlation diagram of the target blowing
air temperature (TAO) and the mode of inside and out-
side air in the first example;

FIG. 6 is a correlation diagram of the target blowing
air temperature (TAO) and the mode of blowing in the
first example;

FIG. 7 is a correlation diagram of the target blowing
air temperature (TAO) and the opening degree of each
air mix damper;

FIG. 8 is a correlation diagram of the target blowing
air temperature (TAO) and the blower voltage in the
first example;

FIG. 9 is a graph showing a correlation between the
comfort index (PMV) and the refrigerating capacity in
the first example and a conventional example;

FIG. 10 is an overall arrangement view of the air duct
system of the second example of the present invention;

FIG. 11 is a schematic illustration showing the con-
struction of the refrigerating cycle used for the second
example;

FIG. 12 is a front view of the control panel used for
the second example;

FIG. 13 is a flowchart showing the procedure of air
conditioning of the second example;

FIG. 14 is a correlation diagram of the target blowing
air temperature (TAO) and the mode of cooling and
heating in the second example;

FIG. 15 is an overall arrangement view of the air duct
system of the third example of the present invention;

FIG. 16 is a flowchart showing the procedure of air
conditioning control of the third example; and

FIG. 17 is a flowchart showing the procedure of air
conditioning control of the third example.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to the attached drawings, a specific
example of the air conditioner for use in a vehicle of the
present invention will be explained in detail as follows.

FIG. 1 is a schematic illustration showing an example
(the first example) to realize the essential technical con-
struction of the air conditioner for use in a vehicle ac-
cording to the present invention. In the drawing, the
following units are shown: an air duct 19, one end of
which is connected with an inside air entrance 25 open
to a vehicle cabin and an outside air entrance 26 open to
the outside, and the other end of which is connected
with a plurality of outlets 11, 12, 13 open at a positions
opposed to each seat in the vehicle cabin; a blowing
means 22 to generate an air flow in the air duct 19; a
heat exchanging means 23 provided in the air duct 19 so
as to exchange heat with air in the air duct 19; an inside
and outside air change-over means 21 selectively chang-
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ing over between the inside and the outside air en-
trances 25, 26; an air outlet change-over means 16, 17
selectively changing over the plurality of air outlets 11,
12, 13; a seating detection means to detect whether or
not each passenger is seated in each seat; and an air
outlet change-over control means controlling the outlet
change-over means so that one outlet in the plurality of
outlets 11, 12, 13 opens at a position opposed to a pas-
senger’s seat and an outlet closest to the inside air en-
trance 25 can be opened when it is judged by the seating
detection means that only the passenger is seated in his
seat and also when the inside air entrance 25 is opened
by the inside and outside air change-over means 21.

The above example will be explained in further detail
as follows.

In the upstream position of the air flow in the air
conditioning duct 19, there are provided an inside and
an outside air change-over dampers 21 to change over
between the inside and the outside air, and a blower 22
to generate an air flow in the air conditioning duct 19.
This inside and outside air change-over damper 21 is
driven by a servo motor 40 (shown in FIG. 2), and the
blower 22 is driven by a motor controller 37. In the first
example, the air passage is composed of the air condi-
tioning duct 19, and the inside air entrance 25 open at
the leg position of a passenger seat and the outside air
entrance 26 open to the outside are formed at one end of
this air conditioning duct 19. In the aforementioned first
example, the blowing means is composed of the blower
22. In the downstream position of the air flow of the
blower 22, there is provided an evaporator 23 to ex-
change heat with the air flowing in the air conditioning
duct 19 so as to dry and cool the air. This evaporator 23
composes a refrigerating cycle together with a com-
pressor 27, a condenser 28, and an expansion valve 29
that is an expansion means. In this example, the heat
exchanging means is composed of the evaporator 23.

In the downstream position of the air flow of the
evaporator 23, there is provided a heater core 24 that is
a heater to reheat a cold wind sent from the evaporator
23. This heater core 24 is a heat exchanger, the heat
source of which is engine cooling water heated by an
engine not shown.

In the downstream position of the air flow of the
heater core 24, there is provided a partition wall 191.
An air conditioning system 1A on the driver’s seat side
and an air conditioning system on the passenger seat
side are separated by this partition wall 191. The tem-
perature of conditioned air in each of the air condition-
ing systems 1A, 1B can be controlled by adjusting the
degree of opening of each of air mix dampers 15a, 155
provided in the upstream position of the air flow of the
heater core 24. These air mix dampers 152, 15b are
driven by servo motors 38, 39 (shown in FIG. 2), and
these servo motors 38, 39 are independently controlled
in accordance with a signal sent from a central process-
ing unit 3 (shown in FIG. 2). In the first example, the air
conditioning system 1A on the driver’s seat side and the
air conditioning system 1B on the passenger seat side
form the air duct for each seat. Also, in this example, the
air mix dampers 15a, 155 form the temperature adjust-
ment means.

In the downstream of the air flow of the air condi-
tioning system 1A on the driver’s seat side, there are
provided a driver’s seat lower air outlet 114 that is open
at a position opposed to the driver’s seat leg position,
driver’s seat upper air outlets 12a, 13a that are open at
positions opposed to the upper position of the driver’s
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6

seat, and a defroster air outlet 14 that is open at a posi-
tion opposed to a windshield. In this connection, the
driver’s seat upper air outlet 124 is provided for blow-
ing air against the left upper half of the body of the
driver, and the driver’s seat upper air outlet 13z is pro-
vided for blowing air against the right upper half of the
body of the driver.

In the downstream of the air flow of the air condi-
tioning system 1B on the passenger seat side, there are
provided a passenger seat lower air outlet 115 and pas-
senger seat upper air outlets 125, 13b that are open at
positions opposed to the upper position of the passenger
seat. In this connection, the passenger seat upper air
outlet 125 is provided for blowing air against the right
upper half of the body of the passenger, and the passen-
ger seat upper air outlet 135 is provided for blowing air
against the left upper half of the body of the passenger.

Also, the air conditioning system 1A on the driver’s
seat side includes a driver’s seat lower outlet damper
16a to open and close the driver’s seat lower air outlet
11a, a driver’s seat upper outlet damper 172 to open and
close the driver’s seat upper outlets 12, 134, and a
defroster outlet damper 18 to open and close the de-
froster outlet 14. The driver’s seat lower outlet damper
162z and the driver’s seat upper outlet damper 17a are
driven by a servo motor 41 (shown in FIG. 2), and the
defroster outlet damper 18 is driven by a servo motor 43
(shown in FIG. 2). :

The air conditioning system 1B on the passenger seat
side includes a passenger seat lower outlet damper 165
to open and close the passenger seat lower outlet 115,
and an passenger seat upper outlet damper 176 to open
and close the passenger seat upper outlets 125, 13b. The
passenger seat lower outlet damper 165 and the passen-
ger seat upper outlet damper damper 175 are driven by
a servo motor 42 (shown in FIG. 2). In the first exam-
ple, the outlet changeover means includes the driver’s
seat lower outlet damper 164, passenger seat lower
outlet damper 16b, driver’s seat upper outlet damper
17a, passenger seat upper outlet damper 175, and servo
motors 41, 42.

Next, with reference to FIG. 2, the control system of
this example will be explained as follows.

The central processing unit (ECU) 3 is connected
with a temperature setting device 31 to set the tempera-
ture in the space on the driver’s seat side, temperature
setting device 32 to set the temperature in the space on
the passenger seat side, inside air temperature sensor 33,
outside air temperature sensor 34, sun ray sensor 35, and
passenger sensor 36. In accordance with the input sig-
nals sent out by these sensors, by the procedure de-
scribed later, the central processing unit 3 outputs drive
signals to a motor controller 37 for the blower 22, servo
motor 38 for the air mix damper 154, servo motor 39 for
the air mix damper 155, servo motor 40 for the inside
and outside air changeover damper 21, servo motor 41
for the driver’s seat lower outlet damper 16 and the
driver’s seat upper outlet damper 174, servo motor 42
for the passenger seat lower outlet damper 165 and the
passenger seat upper outlet damper 17b, and servo
motor 43 for the defroster outlet damper 18.

In this example, the seating detection means is com-
posed of the passenger sensor 36. Specifically, the seat-
ing detection means is composed in such a manner that
a seated passenger is detected when the tongue of a seat
belt is fitted to a buckle. Alternatively, the seating de-
tection means may be composed in such a manner that
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the seated passenger is detected by an infrared ray sen-
sor provided on the ceiling of the vehicle cabin.

In this connection, in the air conditioner for use in a
vehicle of this example of the present invention, the
heat exchanging means may be composed of an evapo-
rator that composes a refrigerating cycle together with
a compressor, condenser and decompression means.
Since the heat exchanging means is composed of the
evaporator in the construction described above, a cold
wind blows out from each outlet.

In this case, when the outlet changeover control
means is controlled, the passenger feels comfortable due
to a cold wind blown out from the outlet, and at the
same time a cold wind also blows out from an outlet
closest to the inside air entrance, so that the temperature
of air in the upstream position of the air flow of the
evaporator can be lowered. As a result of the foregoing,
the difference of enthalpy of air before and after it
passes through the evaporator can be reduced, so that
the cooling load of the evaporator can be reduced.
Whereas the evaporator is activated by the compressor,
power consumption of the compressor can be lowered
when the cooling load of the evaporator is reduced.

The following is an explanation of an example of the
operation of the aforementioned control system used
for the air conditioner for use in a vehicle of the first
example of the present invention.

That is, for example, when the foot mode is selected
on the driver’s seat side in this control system, the driv-
er’s seat lower outlet damper 16z is opened, and the
driver’s seat upper outlet damper 17a is closed. When
the face mode is selected on the driver’s seat side, the
driver’s seat lower outlet damper 16z is closed, and the
driver’s seat upper outlet damper 17z is opened. When
the high level mode is selected on the driver’s seat side,
the aforementioned dampers 164, 17a are opened at an
arbitrary degree of opening under the condition that the
total air flow amount is maintained at a predetermined
value. When the foot, face and high level modes are
selected on the passenger seat side, the dampers 165, 176
are opened and closed in the same manner as the driv-
er’s seat side.

When the degree of opening of a driver’s seat side
cold wind bypass damper provided in a driver’s seat
side cold wind bypass duct (not shown) is adjusted, the
temperature of a wind from the driver’s seat lower
outlet 11z and that of a wind from the driver’s seat
upper outlet 12 are independently controlled. When
the degree of opening of a passenger seat side cold wind
bypass damper provided in a passenger seat side cold
wind bypass duct (not shown) is adjusted, the tempera-
ture of a wind of the passenger seat lower outlet 115 and
that of a wind of the passenger seat upper outlet 125 are
independently controlled.

The lower limit of the temperature of conditioned air
blown out from the driver’s seat lower outlet 11a and
that of conditioned air blown out from the passenger
seat lower outlet 115 are set at a value so that the pas-
sengers do not feel cold (for example, the temperature is
set at 35° C.), and the upper limit of the temperature of
conditioned air blown out from the driver’s seat upper
outlets 12¢, 134 and that of conditioned air blown out
from the passenger seat upper outlets 125, 135 are set at
a value so that the passengers do not feel uncomfort-
able. .

Next, with reference to FIGS. 3 and 4, the procedure
of ECU 3 will be explained as follows.
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First, in step 101, the signals sent out from a tempera-
ture setting device 31, a temperature setting device 32,
an inside air temperature sensor 33, an outside air tem-
perature sensor 34, a sun ray sensor 35 and a passenger
sensor 36 are read.

Next, in step 102, the target blowing air temperature
(TAOr) on the driver’s seat side is calculated in accor-
dance with the following expression 1, and the target
blowing air temperature (TAOI) on the passenger seat
side is calculated in accordance with the following
expression 2.

TAOr=Kset X Tsetr—KrX Tr—KamX -

Tam—KsX Ts+C )

TAOI=Kset X Tsetl— KrX Tr— Kam X -
Tam—KsX Ts+-C

)]

In the above expressions, Tsetr is the temperature
that is set by the temperature setting device 31 on the
driver’s seat side, Tsetl is the temperature that is set by
the temperature setting device 32 on the passenger seat
side, Tr is the temperature of inside air, Tam is the
temperature of outside air, and Ts is an amount of the
rays of the sun, Kset, Kr, Kam and Ks are respectively
the gains of the setting temperature, inside air tempera-
ture, outside air temperature and amount of the rays of
the sun.

Next, in step 103, the inside and outside air mode is
determined in accordance with TAO, which is the
smaller one between TAOr and TAOI that have been
calculated in step 102, and the correlation shown in
FIG. 5.

With reference to FIG. 5, an example of the proce-
dure to determine the mode of the present invention
will be briefly explained here.

For each air conditioner for use in a vehicle, a rela-
tion between the inside and the outside air introduction
modes is previously found with respect to the change in
the aforementioned target blowing air temperatures
(TAOr) and (TAOI), and for example, a table for con-
trol use shown in FIG. 5 is previously made.

The essential technical concept of this control table is
based on the outside air introduction mode. Accord-
ingly, the air conditioner is constructed so that the out-
side air introduction mode can be necessarily set in a
normal operation.

On the other hand, the inside air introduction mode is
used in a case in which a quick cooling operation is
required because the temperature of a vehicle cabin is
extremely high and the temperature is much different
from the target temperature of the vehicle cabin.

Accordingly, in the aforementioned case, it is neces-
sary to set the temperature of air blown into the vehicle
cabin at a very low value. Therefore, the target air
blowing temperatures (TAOr) and (TAOI) must be low.

In this case, (TAOr) and (TAO]) are set at the left and
on the horizontal axis in the graph shown in FIG. 5, for
example, (TAOr) and (TAOI) are set at a point LP in
the graph. Consequently, the inside air introduction
mode is employed at this time. Concerning the mode
selection point N, the inside air introduction mode is
selected at a position of NI in FIG. 5. When the afore-
mentioned temperature control operation is continued,
the temperature in the vehicle cabin is gradually low-
ered, so that the difference between the temperature in
the vehicle cabin and the target temperature is reduced.
For that reason, the target air blowing temperatures
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(TAOr) and (TAOI) are set high. Therefore, they are
shifted to the right on the horizontal axis in the graph.

Consequently, the mode selection point N moves
from point N1, passes through point N6, and arrives at
point N2.

The position of selection point N2 is a threshold value
point at which a changeover operation between the
inside and outside air introduction modes is carried out.
In the case where the target blowing air temperatures
(TAOr) and (TAOI) cross the threshold value point S1
on the horizontal axis from the left to the right, the
mode selection point is changed over from N2 to N3, so
that the outside air introduction mode can be set.

On the contrary, that is, in the case where the vehicle
cabin temperature is extremely low compared to the
target value, the target blowing air temperatures
(TAOr) and (TAO]) are set high. Therefore, the target
values are set at the right end on the horizontal axis, for
example, the target values are set at the level of the
point HP. At this point of time, the outside air introduc-
tion mode is employed, and the mode selection point N
is located at a position of N4 in FIG. 5 5o as to select the
outside air introduction mode. When the aforemen-
tioned temperature control operation is continued, the
vehicle cabin temperature is gradually raised, and the
difference between the vehicle cabin temperature and
the target temperature is reduced. Therefore, the target
blowing air temperatures (TAOr) and (TAO]) are set
low, so that they are shifted on the horizontal axis to the
left.

Consequently, the mode selection point N moves
from the point N4, passes through the point N3, and
arrives at the point N5. :

The position of selection point N5 is another thresh-
old value point at which a changeover operation be-
tween the inside and outside air introduction modes is
carried out. In the case where the target blowing air
temperatures (TAOr) and (TAOI) cross the threshold
value point S2 on the horizontal axis from the right to
the left, the mode selection point is changed over from
NS5 to N6, so that the inside air introduction mode can
be set.

When the mode is selected in the present invention,
for example, the smaller one between the target blowing
air temperatures (TAOr) and (TAO]) is employed so
that the mode selection is conducted.

Next, in step 104, in accordance with the target tem-
peratures TAOr, TAOI and the correlation shown in
FIG. 6, it is determined whether the air blowing mode
of each seat is set to be the foot mode (FOOT) or the
high level mode (B/L), that is, the foot mode and the
face mode are concurrently used, or it is determined
whether or not the air blowing mode of each seat is set
to be the face mode (FACE).

The mode selection control method shown in FIG. 6
is approximately the same as that shown in FIG. 5. The
smaller one between the target blowing air tempera-
tures TAOr and TAOI is employed for a reference
value, and one of the foot, face and high level modes is
selected in accordance with the level of TAOr or
TAOL In this case, the order of the selection is as fol-
lows. When the level of TAOr or TAOI is shifted from
the left to the right, the selection mode point changes in
the order of M| — M3 — M3 — My — Ms— M¢— M7.
In the case where the order is reversed, the selection
mode point changes in the order of M7 — Mg — Mg —
M4y — Mg — My — Mi.
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Next, in step 105, in accordance with the target tem-
peratures TAOr, TAOI and the correlation shown in
FIG. 7, the degree of opening (SWr) of the air mix
damper 15a and the degree of opening (SW1) of the air
mix damper 15b are determined. The units of both SWr
and SWl are %. In the first example, step 105 constructs
the temperature adjustment control means.

The correlation between the target blowing air tem-
peratures (TAOr), (TAOL) and the degree of opening
SW of the air mix damper is to be previously found for
a specific air conditioner for use in a vehicle through
experiments, and the degree of opening SW of the air
mix damper is set in the following manner. When the
levels of the target blowing air temperatures (TAOr)
and (TAOQ]J) are low, the degree of opening SW of the
air mix damper is low, and when the levels of the target
blowing air temperatures (TAOr) and (TAOI) become
high, the degree of opening SW of the air mix damper is
increased in proportion to the levels.

In the correlation described above, when the degree
of opening SW of the air mix damper is 0%, a complete
cooling operation is to be carried out, and when the
degree of opening SW of the air mix damper is 100%, a
complete heating operation is to be carried out.

Next, in step 106, it is judged whether or not the only
seated passenger is a driver. In this step, when other
passengers except for the driver are seated, it is judged
to be NO, and the program advances to step 114. When
only the driver is seated, it is judged to be YES, and the
program advances to step 107.

In step 107, it is judged whether or not the inside air
circulation mode was determined in step 103 described
above. In the case where it has been judged that the
inside air circulation mode was not determined in step
103 (NO), the program advances to step 114, and in the
case where the inside air circulation mode was deter-
mined in step 103 (YES), the program advances to step
108. In step 108, the air blowing mode on the passenger
seat side determined in step 104 is canceled, and the foot
mode is determined to be a new air blowing mode on
the passenger seat side. In the first example, this step 108
composes the outlet changeover control means.

Next, in step 109, it is judged whether or not the
compressor 27 is in a drive condition. In the first exam-
ple, this step 109 composes the evaporator refrigerant
flow detection means.

When it is judged in step 109 that the compressor 27
is in a drive condition (YES), that is, when it is judged
that the refrigerant is flowing in the evaporator 23, the
program advances to step 110, and the degree of open-
ing (SW1) of the air mix damper 155 on the passenger
seat side determined in step 105 is canceled, and a new
degree of opening SW1 is determined to be 0%. That is,
the air blown out from the outlet on the passenger seat
side is made to be in the maximum cooling condition. In
the first example, this step 110 composes the heating
amount minimizing control means.

In the case where it is judged in step 109 that the
compressor 27 is not in a drive condition (NO), that is,
in the case where it is judged in step 109 that the refrig-
erant is not flowing in the evaporator 23, the program
advances to step 111.

In step 111, it is judged whether or not the air blow-
ing mode on the driver’s seat side determined in step 104
is the foot mode, that is, it is judged whether or not the
driver’s seat side is in a heating condition. When it is
Jjudged to be YES in step 111, SW1 is determined to be
100% in step 112 so that the air blown out on the pas-
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senger’s side can be in the maximum heating condition.
In the case where it is judged to be NO in step 111, SW1
is determined to 0% in step 113 so that the air blown out
on the passenger seat side can be in the maximum cool-
ing condition. In the first example, step 111 composes
the temperature adjustment condition detection means,
and step 112 composes the second heating amount maxi-
mizing control means.

Next, in step 114, in accordance with the average
value of TAOr and TAOI calculated in step 102 and the
correlation shown in FIG. 8, the voltage of the blower
22 is determined, so that the overall air flow amount is
determined.

In the correlation shown in FIG. 8, the relation be-
tween the target blowing air temperatures (TAOr),
(TAOI) and the blower voltage is to be previously
found through experiments, and an example of the rela-
tion is shown in FIG. 8.

In this example, both the target blowing air tempera-
tures (TAOr) and TAOI) are utilized, and the average
value, that is,

“target blowing air temperature (TAOr+TAOIl)/2”

is used, so that the relation between the average value
and the blower voltage is determined. As shown in the
drawing, the region A in which the blower voltage is
maintained constant is provided in a position close to
the median of the average value, and the regions B and
C in which the blower voltage is sharply changed are
provided on both sides of the region A.

Next, in step 115, each motor controller and servo
motor are controlled so that the inside and outside air
mode, air blowing mode, degree of opening of each air
mix damper and blower voltage can agree with the
values determined in steps 103 to 114.

Next, the reasons will be described why the air blow-
ing mode on the passenger seat side is newly determined
to be the foot mode in step 108, and the degree of open-
ing of the air mix damper 15b on the passenger seat side
is newly determined to be 0% or 100% in steps 110 and
112

In the case where only a driver is seated in the vehicle
cabin, when the seats except for the driver’s seat are
air-conditioned, vacant seats are air-conditioned, so that
energy is wasted. Therefore, it is preferable not to air-
condition the vacant seats. However, when all outlets
opposed to the vacant seats are closed and air-condi-
tioning winds are stopped except for the winds to be
blown against the driver’s seat, only the spaces on the
driver’s seat side are air-conditioned, and other spaces
are not air-conditioned at all. As a result, the average
temperature on the vehicle cabin is changed. For exam-
ple, the space on the driver’s seat side is sufficiently
cooled from the rays of the summer sun, however, the
other spaces are heated by the rays of the sun. As a
result, the average temperature in the vehicle cabin is
raised. When the atmospheric temperature is very low
in the winter, the space on the driver’s seat side is suffi-
ciently heated, however, the other spaces are cooled by
the atmosphere. As a result, the average temperature in
the vehicle cabin is lowered.

When the average temperature in the vehicle cabin is
raised, the temperature of the upstream position of the
air flow of the evaporator 23 is also raised. Then, a
heavy cooling load is given to the evaporator 23. There-
fore, power consumption of the compressor 27 is in-

10

25

30

35

45

50

55

60

65

12
creased, and a heavy load is impressed upon the engine.
As a result, fuel is wasted.

In order to overcome the above disadvantages, in the
first example of the present invention, for the purpose of
lowering the temperature in the upstream position of
the air flow of the evaporator 23, the air blowing mode
on the passenger seat side is forcibly made to be the foot
mode in step 108, and the degree of opening (SW1) of
the air mix damper 15b on the passenger seat side is set
to be 0% in step 110. As a result of the foregoing, a cold
wind blown out from the passenger seat lower outlet
115 that is open onto the passenger seat side, is sucked
into the inside air entrance 25 located close to the outlet
115 without being circulated in the entire vehicle cabin.
In this case, since the cold wind is not circulated in the
entire vehicle cabin, it is not heated by the rays of the
sun, and it is sucked into the inside air entrance 25 and
further introduced into the upstream position of the air
flow of the evaporator 23. Accordingly, the tempera-
ture of the upstream position of the air flow of the evap-
orator 23 can be lowered. Therefore, the difference of
enthalpy of air before and after it passes through the
evaporator 23 can be reduced, so that the cooling ca-
pacity of the evaporator 23 can be reduced. As a result,
power consumption of the compressor 27 can be low-
ered, and finally a waste of fuel can be prevented.

In the case where the average temperature in the
vehicle cabin is lowered, the temperature of the up-
stream position of the air flow of the evaporator 23 is
also lowered. Under the condition that the refrigerant is
not flowing in the evaporator 23 at this time, the tem-
perature of air passing through the evaporator 23 is not
changed. Therefore, when the temperature of the up-
stream position of the air flow of the evaporator 23 is
lowered, the temperature of the upstream position of
the air flow of the heater core 24 is also lowered. In the
case where the driver’s seat side is in a heating condition
at this time, that is, in the case where air is heated by the
heater core 24, the temperature of the upstream position
of the air flow in the heater core 24 is lowered. There-
fore, the heater core 24 requires a larger heating capac-
ity. Then, in order to increase the heating capacity of
the heater core 24, it is necessary to raise the tempera-
ture of engine cooling water by the method of idling the
engine. Due to the foregoing, engine power is further
consumed. As a result, fuel is wasted.

In order to overcome the above disadvantages, in the
first example, for the purpose of raising the temperature
of the upstream position of the air flow in the heater
core 24, the air blowing mode on the passenger’s side is
forcibly made to be the foot mode in step 108, and the
degree of opening (SW1) of the air mix damper 155 on
the passenger seat side is made to be 100% in step 112.
Due to the foregoing, a hot wind is blown from the
passenger seat lower outlet 115 open onto the passenger
seat side. Without being circulated in the entire vehicle
cabin, this hot wind is sucked into the inside air entrance
25 located very close to the outlet 115. Since the hot
wind is not circulated in the entire vehicle cabin in this
case, it is not cooled by the atmosphere of low tempera-
ture, and it is sucked into the inside air entrance 25
while still at a high temperature. Then, the hot wind is
introduced to the upstream position of the air flow in
the evaporator 23. Since the refrigerant is not flowing in
the evaporator 23 at this time, the hot wind is intro-
duced to the upstream position of the air flow in the
heater core 24 under the same condition. Due to the
foregoing, the temperature of the upstream position of
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the air flow in the heater core 24 can be reduced. There-
fore, the difference of the temperature of air before and
after it passes through the heater core 24 can be re-
duced, so that the heating capacity of the heater core 24
can be reduced. As a result, it is not necessary to con-
duct an idling operation of the engine. Accordingly,
power consumption of the engine can be reduced, and
finally a waste of fuel can be prevented.

Next, with reference to FIG. 9, specific effects of the
first example will be explained as follows. FIG. 9 is a
correlation diagram showing the cooling capacity (Qe)
of the evaporator 23 with respect to the average value
of the comfort index (PMV), wherein the comfort index
around the driver’s head and that around the driver’s
body are averaged. In this connection, the cooling ca-
pacity (Qe) of the evaporator 23 is in proportion to a
flow amount of a wind passing through the evaporator
23 and also in proportion to a difference of enthalpy of
air before and after it passes through the evaporator 23,
and in inverse proportion to the specific volume of air.

In this connection, in FIG. 9, a solid line represents
the data provided when each seat was air-conditioned in
the inside air circulation mode, a broken line represents
the data provided when conditioned air was blown out
only from the outlet on the driver’s seat side and the
outlet on the passenger seat side was closed in the inside
air circulation mode, and a one-dotted chain line repre-
sents the data provided when the driver’s seat side was
normally air-conditioned in the inside air circulation
mode and the passenger seat side was set in the foot
mode.

As can be seen from FIG. 9, when the air condition-
ing control operation is conducted in the manner shown
in the first example, the cooling load can be greatly
reduced as compared with a conventional case. As a
result, power consumption of the compressor 27 can be
reduced. Finally, fuel consumption of the engine can be
reduced.

As described above, in the first example, only the
driver is seated, and the inside and outside air mode is
set to be the inside air circulation mode, and while the
refrigerant is flowing in the evaporator 23, the air blow-
ing mode on the passenger seat side is forcibly set in the
foot mode and the degree of opening of the air mix
damper 156 on the passenger seat side is forcibly set at
0%. Accordingly, a cold wind blown out from the
passenger seat lower outlet 115 can be immediately
sucked into the inside air entrance 25, so that the tem-
perature of the upstream position of the air flow in the
evaporator 23 can be lowered. As a result, power con-
sumption of the compressor 27 can be reduced, and the
reduction of fuel consumption of the engine can be
realized.

In the first example, only the driver is seated, and the
inside and outside air mode is set to be the inside air
circulation mode, and while the refrigerant is not flow-
ing in the evaporator 23 and the driver’s seat side is in
the heating mode, the air blowing mode on the passen-
ger seat side is forcibly set to be the foot mode and the
degree of opening of the air mix damper 156 on the
passenger seat side is forcibly set at 100%. Accordingly,
a hot wind blown out from the passenger seat lower
outlet 115 can be immediately sucked into the inside air
entrance 25, so that the temperature in the upstream
position of the air flow in the heater core 24 can be
raised. As a result, the heating capacity of the heater
core 24 can be lowered, so that the reduction of fuel
consumption of the engine can be realized.
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In the aforementioned first example, when only the
driver is seated and the mode is set to be the inside air
circulation mode, the air blowing mode on the passen-
ger seat side is forcibly set to be the foot mode. How-
ever, the air blowing mode on the passenger seat side
may be set to be the high level mode. In this case, a
conditioned wind is blown out from the passenger seat
side lower outlet 115, and this wind is immediately
sucked into the inside air entrance 25. Therefore, the air
conditioning load of the evaporator 23 or the heater
core 24 can be reduced.

In the first example, the seating detection means is
composed of the passenger sensor, however, the seating
detection means may be composed of a passenger
switch by which the number of passengers can be manu-
ally set.

In the first example, the temperature adjustment
means is composed of the air mix dampers 15a, 15b.
However, the temperature adjustment means may be
composed of a reheat type device in which the heater
core is provided in each of the air conditioning systems
1A, 1B, and a flow amount of or temperature of the
engine cooling water flowing in these heater cores is
independently adjusted.

In the first example, whether or not the temperature
adjustment means (the air mix damper 156) provided in
the driver’s seat side air conditioning system 1A is in a
heating condition, is judged by the air blowing mode on
the driver’s seat side as shown in step 111 in FIG. 4, that
is, it is judged by whether or not the air blowing mode
is the foot mode. However, it may be judged by
whether or not the air mix damper 15 opens the heater
core 24 by a predetermined degree of opening. Alterna-
tively, it may be judged by whether or not the target air
blowing temperature (TAOTr) is not less than a predeter-
mined temperature.

In the first example of the present invention described
above, the following various embodiments may be used.

For example, in the air conditioner for use in a vehi-
cle of the first example of the present invention, the air
duct 19 includes a plurality of air ducts 1A, 1B for each
seat provided in the downstream position of the air flow
of the evaporator, the most downstream portions of the
air ducts 1A, 1B are connected with outlets 11, 115,
12a, 13a, 12b, 13b, 14b open at positions opposed to each
seat, and air ducts 1A, 1B are provided with a heater 24
to heat air and temperature adjustment means 15a, 156
to adjust the heating amount of the heater, and the air
conditioner further comprises: a temperature adjust-
ment control means to independently control the tem-
perature adjustment means so as to heat each seat to a
predetermined temperature; an evaporator refrigerant
flow detection means to detect whether or not the re-
frigerant flows in the evaporator 23; and a heating
amount minimizing control means to control the tem-
perature adjustment control means so that an air heating
amount of the heater provided in the air duct for each
seat connected with an outlet closest to the inside air
entrance can be minimized in the case where it is judged
by the seating detection means that only one passenger
is seated and also it is judged by the evaporator refriger-
ant flow detection means that the refrigerant is flowing
in the evaporator.

In this case, a condition in which the air heating
amount is minimized is not defined as a condition in
which the heating amount is perfectly zero, but the
condition may be defined as a condition in which air is
heated to some extent.
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Also, in the first example and another embodiment
described above according to the present invention, the
inside air entrance 25 is open to the passenger seat side;
the plurality of outlets 11 to 13 include driver’s seat
upper outlets 124, 132 open at a position opposed to the
upper portion of the drivers seat, a driver’s seat lower
outlet 11¢ open at a position opposed to the lower por-
tion of the driver’s seat, passenger seat upper outlets
13b, 12b open at a position opposed to the upper portion
of the passenger seat, and a passenger seat lower outlet
115 open at a position opposed to the lower portion of
the passenger seat; and the outlet changeover control
means 16, 17 control the outlet changeover means so
that an outlet close to the inside air entrance 25, the
outlet being one of the passenger seat upper outlets 125,
13b and the passenger seat lower outlet 115, is opened
while the opening conditions of the driver’s seat upper
outlets 122, 132 and driver’s seat lower outlet 11z are
not changed in the case where it is judged that only a
driver is seated.

In the air conditioner for use in a vehicle in the exam-
ples described above, the inside air entrance 25 may be
open at a lower position on the passenger seat side, and
the outlet changeover means 16, 17 are controlled so
that the passenger seat lower outlet 115 is opened while
the opening conditions of the driver’s seat upper outlets
124, 13a and the driver’s seat lower outlet 11z are not
changed in the case where it is judged that only a driver
is seated.

In the air conditioner for use in a vehicle in the exam-
ples described above, the inside air entrance 25 is open
at a lower position 115 on the passenger seat side, and
the outlet changeover control means 16, 17 are con-
trolled so that the passenger seat upper outlets 125, 135
and the passenger seat lower outlet 115 are opened
while the opening conditions of the driver’s seat upper
outlets 122, 13a and the driver’s seat lower outlet 112
are not changed in the case where it is judged that only
a driver is seated.

In the air conditioner for use in a vehicle in the exam-
ples described above, the heater 24 may be a condenser
composing a refrigerating cycle together with the evap-
orator, and the air conditioner comprises: a temperature
adjustment condition detection means to detect the
temperature adjustment condition of the temperature
adjustment means; and a first heating amount maximiz-
ing control means that controls the temperature adjust-
ment control means so that an air heating amount of the
condenser is maximized, the condenser being provided
in the air duct for each seat connected with an outlet
disposed closest to the inside air entrance in the case
where it is judged that only one passenger is seated, that
the refrigerant is not flowing in the evaporator, and that
a temperature adjustment means provided in an air duct
for each seat on the side where the passenger is seated is
in a heating condition, in accordance with the detection
results of the seating detection means, the evaporator
refrigerant flow detection means, and the temperature
adjustment condition detection means.

In the air conditioner for use in a vehicle in the exam-
ples described above, the heater 24 may be a heater
core, the heat source of which is engine cooling water
to cool the engine, and the air conditioner comprises: a
temperature adjustment condition detection means to
detect the temperature adjustment condition of the
temperature adjustment means 15; and a second heating
amount maximizing control means that controls the
temperature adjustment control means so that an air
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heating amount of the heater core 24 is maximized, the
heater core 24 being provided in the air duct 19 for each
seat connected with an outlet disposed closest to the
inside air entrance 25 in the case where it is judged that
only one passenger is seated, that the refrigerant is not
flowing in the evaporator, and that a temperature ad-
justment means 15 provided in an air duct for each seat
on the side where the passenger is seated is in a heating
condition, in accordance with the detection results of
the seating detection means, the evaporator refrigerant
flow detection means, and the temperature adjustment
condition detection means.

In the examples of the present invention described
above, a condition in which the temperature adjustment
means 15 provided in the air duct for each seat is in a
heating condition is defined as a condition in which the
air in the duct for each seat is heated by the condenser
28 or the heater core 24 even when the heating amount
is little. In the examples of the present invention de-
scribed above, a condition in which the air heating
amount is the maximum is defined not only as a condi-
tion in which air is heated by the condenser or the
heater to its full capacity but also as a condition in
which the heating capacity is a little lower than that.

Further, in the present invention, the air ducts 1A, 1B
for each seat are respectively provided with the heater
24 and the temperature adjustment means 15, and the
temperature adjustment control means independently
controls each temperature adjustment means so as to
control the temperature of each seat to a predetermined
value. Therefore, the temperature of blowing air to
each seat can be independently controlled.

In this connection, when only one passenger is seated
in the vehicle cabin and the refrigerant is flowing in the
evaporator at this time, the heating amount minimizing
control means controls the temperature adjustment
control means so that the air heating amount of the
heater provided in the air duct for each seat connected
with the outlet closest to the inside air entrance can be
minimized.

The outlet changeover control means 15 controls the
outlet changeover means in order to open the outlet that
is open at a position opposed to a seat where a passenger
is seated and the outlet closest to the inside air entrance
25.

By the controlling operation conducted by the heat-
ing amount minimizing control means and the outlet
changeover control means, air is blown out to the pas-
senger after the temperature has been controlled by the
temperature control means, so that the passenger feels
comfortable in the conditioned air. A cold wind is
blown out from the outlet located closest to the inside
air entrance, and this cold wind is immediately sucked
into the inside air entrance without being circulated in
the entire cabin. Accordingly, the temperature of air at
the upstream position of the air flow in the evaporator
can be lowered.

In this connection, when the refrigerant is flowing in
the evaporator, air must be cooled by the evaporator.
When the temperature of air in the upstream position of
the evaporator is lowered at this time by the heating
amount minimizing control means and the blowing air
amount control means, the difference of enthalpy of air
before and after it passes through the evaporator can be
reduced. As a result, the cooling load of the evaporator
can be reduced. Consequently, the power consumption
of the compressor can be reduced.
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On the other hand, in the present invention, in the
case where only a driver is seated in his seat, the open-
ing conditions of the driver’s seat upper outlets 12a, 132
and the driver’s seat lower outlet 11z are not changed
by the control of the outlet changeover control means
15. Therefore, a comfortable wind can be continuously
blown out to the driver as it is.

In the case where only the driver is seated, the outlet
changeover control means 15 controls the outlet
changeover means 15 so that one of the passenger seat
upper outlets 12b, 135 and the passenger seat lower
outlet 115, which is located closer to the inside air en-
trance 25, can be opened. That is, the control operation
is conducted to control the outlet changeover means in
the following manner. In the case where the passenger
seat upper outlets 12b, 13b are located closer to the
inside air entrance 25, conditioned air is blown out from
the passenger seat upper outlets 125, 135, and in the case
where the passenger seat lower outlet 115 is located
closer to the inside air entrance 25, conditioned air is
blown out from the passenger seat lower outlet 115.

When the refrigerant is flowing in the evaporator at
this point of time, a cold wind can be blown out from an
outlet located at a position closest to the inside air en-
trance 25 as described above. Therefore, the tempera-
ture of air in the upstream position of the air flow in the
evaporator 23 can be lowered, so that the difference of
enthalpy of air between the upstream and downstream
positions can be reduced. As a result, the power con-
sumption of the compressor can be reduced.

Further, according to the present invention, the tem-
perature of air blowing to each seat can be indepen-
dently controlled. In the present invention, the heater
24 is composed of a condenser that composes a refriger-
ating cycle together with the evaporator 23.

According to the present invention, in the case where
only one passenger is seated in the cabin, the refrigerant
is not flowing in the the evaporator 23, and the tempera-
ture of air in the air duct 19 communicated with a seat
where the passenger is seated is heated by the condenser
28 even when the heating amount is small, it is prefera-
ble that a control means is provided which controls the
temperature adjustment control means so that the heat-
ing amount of air can be maximized when the air is
heated by the condenser provided in the air duct for
each seat connected with the outlet located closest to
the inside air entrance. This control means will be re-
ferred to as a first heating amount maximizing control
means.

The outlet changeover control means 15 controls the
outlet changeover means so that the outlet open at a
position opposed to a seat where the passenger is seated,
and the outlet located at a position closest to the inside
air entrance 25 can be opened.

‘When the air conditioning operation is controlled by
the first heating amount maximizing control means and
the outlet changeover control means, an air-conditioned
wind, the temperature of which is controlled by the
temperature adjustment means, is blown out to the pas-
senger, so that he feels comfortable. Further, a hot wind
is blown out from the outlet located at a position closest
to the inside air entrance, and further this hot wind is
immediately sucked into the inside air entrance without
being circulated in the entire vehicle cabin.

When a hot wind is immediately sucked into the
inside air entrance without being circulated in the entire
cabin, this hot wind is sucked into the air duct through
the inside air entrance without being affected by the

20

25

30

35

40

45

60

65

18

cold outside air. Due to the foregoing, the temperature
of air in the upstream position of the evaporator can be
raised.

In this connection, when the refrigerant is not flow-
ing in the evaporator 23, the temperature of air on the
upstream side of the evaporator is not changed even
when it passes through the evaporator. That is, the air
on the upstream side of the evaporator is guided to the
upstream position of the air flow of the condenser while
the temperature of the air is maintained.

When the temperature of air in the upstream position
of the air flow in the evaporator is raised at this point of
time by the control of the first heating amount maximiz-
ing means and the outlet changeover means, the temper-
ature of the upstream position of the air flow in the
condenser can be concurrently raised. Therefore, the
difference of temperature of air before and after it
passes through the condenser can be reduced. As a
result, the power consumption of the compressor can be
reduced.

According to the present invention, in the same man-
ner as the examples described above, the temperature of
air blown out to each seat can be independently con-
trolled. In this case, the heater 22 is composed of a
heater core in which cooling water of the engine is used
as a heat source.

According to the present invention, in the case where
only one passenger is seated in the cabin, the refrigerant
is not flowing in the evaporator, and the temperature of
air in the air duct communicated with a seat where the
passenger is seated is heated by the heater core even
when the heating amount is small, it is preferable that a
control means is provided which controls the tempera-
ture adjustment control means so that the heating
amount of air can be maximized when the air is heated
by the heater core 24 provided in the air duct 25 for
each seat connected with the outlet located closest to
the inside air entrance. This control means will be re-
ferred to as a second heating amount maximizing con-
trol means.

The outlet changeover control means controls the
outlet changeover means so that the outlet open at a
position opposed to a seat where the passenger is seated
and the outlet located at a position closest to the inside
air entrance can be opened.

When the air conditioning operation is controlled by
the heating amount maximizing control means and the
outlet changeover control means, an air-conditioned
wind, the temperature of which is controlled by the
temperature adjustment means, is blown out to the pas-
senger, so that the passenger feels comfortable. Further,
a hot wind is blown out from the outlet located at a
position closest to the inside air entrance, and further
this hot wind is immediately sucked into the inside air
entrance without being circulated in the entire cabin. As
a result, the difference of temperature of air before and
after it passes through the heater core can be reduced.
Therefore, the heating capacity of the heater core can
be reduced.

When the heating capacity of the heater is reduced,
the calorific value of the engine can be reduced. When
the calorific value of the engine is low, for example, it is
not necessary to facilitate the generation of heat of the
engine by increasing the engine speed. As a result, the
fuel consumption of the engine can be reduced.

Next, the second example will be explained in which
the present invention is applied to an air conditioner for
use in an electric automobile.
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As the overall arrangement of the second example is
shown in FIG. 10, the evaporator 23 is disposed in the
air duct 19, and the condenser 28 composing a refriger-
ating cycle together with the evaporator 23 is disposed
in the downstream position of the air flow of the evapo-
rator 23. In the first example, this condenser 28 is dis-
posed outside the air duct 19, however, in the second
example, this condenser 28 is disposed in the air duct 19
so as to form a heater.

Next, with reference to FIG. 11, a refrigerating cycle
of the second example will be explained as follows. The
refrigerating cycle of the second example is an accumu-
lator cycle.

The refrigerating cycle includes the evaporator 23,
condenser 28, outside heat exchanger 47, compressor
27, expansion valve 29, accumulator 48, and flow pas-
sage changeover means 49 to change the direction of
the flow of the refrigerant.

The outside heat exchanger 47 is an exchanger for
exchanging heat between the outside air and the refrig-
erant, and provided with an outside fan 50 and an out-
side air shutter 51. The compressor 27 sucks, com-
presses and discharges the refrigerant, and is driven by
a motor 52. This compressor 27 is disposed in a sealed
case 53 integrally with the motor 52. The motor 52
driving the compressor 27 is controlled by an inverter
54, so that the rotation of the motor 52 can be varied.
When the rotational speed of the motor 52 is varied, the
refrigerant discharge capacity of the compressor 27 can
be changed.

The expansion valve 29 is a valve that decompresses
and expands the refrigerant flowing into the evaporator
23. For example, in a dehumidifying operation, a super-
cooling amount of the condenser 28 is adjusted by the
expansion valve 29,

A refrigerant passage changeover means 49 changes
over the passage of the refrigerant in accordance with
the operational modes of cooling, heating and dehumid-
ifying. Specifically, this passage changeover means 49
includes: a four-way valve 55 that changes over the
discharging direction of the compressor 27 between the
direction of the outside heat exchanger 47 and that of
the condenser 28; an electromagnetic valve 44 bypass-
ing the evaporator 23 in a heating operation; an electro-
magnetic three-way valve 45 bypassing the condenser
28 in a cooling operation; and a check valve 46 regulat-
ing the direction of the refrigerant flow.

The passage changeover means 49 changes over the
flow of the refrigerant as follows in accordance with
the operational modes of cooling, heating and dehumid-
ifying.

For example, in a cooling operation, the refrigerant
discharged from the compressor 27 is allowed to flow in
the order of the four-way valve 55 — outside heat ex-
changer 47 — bypassing the condenser 28 — expansion
valve 29 — evaporator 23 — four-way valve 55 —
accumulator 48 — compressor 27. (This order is indi-
cated by arrow C in the drawing.)

In a heating operation, the refrigerant discharged
from the compressor 27 is allowed to flow in the order
of the four-way valve 55 — condenser 28 — expansion
valve 29 — bypassing the evaporator 23 — outside heat
exchanger 47 (the outside fan 50 is turned on, and the
outside air shutter 51 is opened.) — four-way valve 55
— accumulator 48 — compressor 27. (This order is
indicated by arrow H in the drawing.)

In a dehumidifying operation, the refrigerant dis-
charged from the compressor 27 is allowed to flow in
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the order of the four-way valve 55 — condenser 28 —
expansion valve 29 — evaporator 23 — outside heat
exchanger 47 (the outside fan 50 is turned off, and the
outside air shutter 51 is closed.) — four-way valve 55 —
accumulator 48 — compressor 27. (This order is indi-
cated by arrow D in the drawing.)

Next, with reference to FIG. 12, a control panel 60
used in the second example will be explained as follows.

The operation panel 60 is disposed at a maneuverable
position in the vehicle cabin. In the right upper portion
of the operation panel 60 in the drawing, there is pro-
vided a driver’s seat side air blowing mode changeover
switch 61 through which a driver can manually set the
air blowing mode on the driver’s seat side, and in the
left upper portion of the operation panel 60 in the draw-
ing, there is provided an passenger seat side air blowing
mode changeover switch 62 through which the passen-
ger can manually set the air blowing mode on the pas-
senger seat side. In the case of the second example,
when an ignition key is turned on, the inside air mode,
air blowing mode and temperature of blowing air are
automatically controlled. However, when the air blow-
ing mode changeover switches 61, 62 are pressed, the
aforementioned automatically controlled conditions are
released, so that the air blowing mode is changed to the
manually controlied condition.

Specifically, when the switches 61a, 615, 61c¢ are
pressed, the foot, high level and face modes can be set
on the driver’s seat side. Also, when the switches 62g,
62b, 62¢ are pressed, the foot, high level and face modes
can be set on the passenger seat side.

In the lower position of the driver’s seat side air blow-
ing mode changeover switch 61, there is provided a
driver’s seat side temperature setting device 31 by
which the temperature of air blown onto the driver’s
seat side can be manually set. Also, in the lower position
of the passenger seat side air blowing mode changeover
switch 62, there is provided a passenger seat side tem-
perature setting device 32 by which the temperature of
air blown onto the passenger seat side can be manually
set.

In the lower position of the driver’s seat side tempera-
ture setting device 31 in the drawing, there is provided
an air flow amount setting switch 51 for manually ad-
justing an amount of air blown out into the vehicle
cabin.

On the left of the air flow amount setting switch 51 in
the drawing, there is provided an inside and outside air
changeover switch 64 that changes over between the
inside and outside air circulation modes when a com-
mand signal is given to the inside and outside air
changeover damper 21. When this inside and outside air
changeover switch 64 is pressed, the inside air circula-
tion mode is commanded, and when the inside and out-
side air changeover switch 64 is not pressed, the outside
air introduction mode is commanded.

On the left of the inside and outside air changeover
switch 64, there is provided a cooling switch 65. When
this cooling switch 65 is pressed, a control signal is
output to the passage changeover means 49 (shown in
FIG. 11) so that the refrigerant can flow in the refriger-
ating cycle in accordance with the cooling operation
flow shown by arrow C in FIG. 11.

On the left of the cooling switch 65 in the drawing,
there is provided a heating switch 66. When this heating
switch 66 is pressed, a control signal is output to the
passage changeover means 49 (shown in FIG. 11) so
that the refrigerant can flow in the refrigerating cycle in
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accordance with the heating operation flow shown by
arrow H in FIG. 11.

On the left of the heating switch 66 in the drawing,
there is provided a dehumidifying switch 67. When this
dehumidifying switch 67 is pressed, a control signal is
outputted to the passage changeover means 49 (shown
in FIG. 11) so that the refrigerant can flow in the refrig-
erating cycle in accordance with the dehumidifying
operation flow shown by arrow D in FIG. 11. In this
connection, even when this dehumidifying switch 67 is
pressed, the air blowing mode and temperature are not
changed.

On the left of the dehumidifying switch 67 in the
drawing, there is provided a defroster switch 68. When
this defroster switch 68 is pressed, a control signal is
outputted so that both the driver’s seat side air blowing
mode and the passenger seat side air blowing mode are
forcibly set to be a defroster mode.

In the upper center of the control panel 60 in the
drawing, there is provided an automatic switch 69.
When this automatic switch 69 is pressed, the air blow-
ing mode, blowing air temperature and blowing air flow
amount can be returned to the automatic control condi-
tion.

Next, with reference to FIGS. 3 and 13, an operation
of the second example will be explained as follows.

First, the control operations of steps 101 to 108
(shown in FIG. 3) of the first example described above
are carried out. Due to the foregoing, the target blow-
ing air temperatures (TAOr, TAOI) are calculated, the
inside and outside air mode is determined, the air blow-
ing mode is determined, and the degrees of opening
(SWr, SWI) of the air mix dampers 152, 155 are deter-
mined. In the case where it is the inside air circulation
mode in which only the driver is seated, the air blowing
mode on the passenger seat side is determined to be the
foot mode.

In the case where it is judged to be NO in step 106,
the program advances to step 114 in FIG. 13. In the case
where the control operation shown in step 108 has been
carried out, the program advances to step 121 shown in
FIG. 13. In the second example, this step 121 composes
the evaporator refrigerant flow detection means and the
temperature adjustment condition detection means.

In step 121, it is judged whether or not the refrigerant
is flowing in the evaporator 23. That is, it is judged
whether the refrigerant flow in the refrigerating cycle is
in the direction of C or D in FIG. 11. Specifically, in the
case where a mode that has been determined from the
smaller one of TAOr and TAOI calculated in step 102
and the correlation shown in FIG. 14, is the cooling
mode or the dehumidifying mode, it is judged to be
YES, and the program advances to step 122. In this
case, the refrigerant in the refrigerating cycle flows in
the direction of arrow C or D shown in FIG. 11. In the
case where a mode that has been determined from the
smaller one of TAOr and TAO], and the correlation
shown in FIG. 14, is the heating mode, it is judged to be
NO, and the program advances to step 123. In this case,
the refrigerant in the refrigerating cycle flows in the
direction of arrow H in FIG. 11.

In the case where.either the cooling switch 65, heat-
ing switch 66 or dehumidifying switch 67 is pressed,
Jjudgment of step 121 is conducted while priority is
given to the condition input by the switch rather than
the mode determined by the correlation (shown in FIG.
14). That is, even when the heating mode is determined
by the correlation shown in FIG. 14, it is determined to
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be YES in step 121 in the case where either the cooling
switch 65 or the dehumidifying switch 67 is pressed. In
this case, the refrigerant in the refrigerating cycle flows
in the direction of arrow C or D shown in FIG. 11.
Even in the case where the cooling mode or dehumidi-
fying mode is determined by the correlation shown in
FIG. 14, it is judged to be NO in step 121 when the
heating switch 66 is pressed. In this case, the refrigerant
in the refrigerating cycle flows in the direction of arrow
H shown in FIG. 11. In this connection, mode selection
judgment is conducted using the program shown in
FIG. 14 in the same manner as the programs shown in
FIGS. 5 and 6.

In the case where it is judged to be YES in step 121,
that is, in the case where the refrigerant is flowing in the
evaporator 23, air is cooled by the evaporator 23 al-
though the cooling amount is small. Therefore, the
evaporator 23 is required to have a cooling capacity.

Accordingly, the degree of opening (SW1) of the
passenger’s side air mix damper 155 is determined to be
0% in step 122, so that a cold wind is blown out from
the passenger seat lower outlet 115. As a result of the
foregoing, a cold wind is sucked into the inside air en-
trance 25 very close to the passenger seat lower outlet
115, and the temperature of the upstream position of the
air flow in the evaporator 23 is lowered. In this way, the
cooling capacity of the evaporator 23 is reduced, and
the power consumption of the compressor 27 can be
reduced. In the second example, this step 122 composes
the heating amount minimizing control means.

In the case where it is judged to be NO in step 121,
that is, in the case where the refrigerant is not flowing
in the evaporator 23, the temperature of air is not
changed even after it has passed through the evaporator
23. Therefore, the cooling load of the evaporator 23 is
not generated when air passes through it. On the other
hand, the refrigerant flows in the condenser 28, and this
condenser 28 is activated as a heater. Air is slightly
heated when it passes through the condenser 28, so that-
the condenser 28 is required to have a certain amount of
heating capacity.

Accordingly, the degree of opening (SW1) of the
passenger’s side air mix damper 155 is determined to be
100% in step 123, so that a hot wind is blown out from
the passenger seat lower outlet 115. Due to the forego-
ing, the temperature of the upstream position of the air
flow in the evaporator 23 can be raised. At this time, the
temperature of air is not changed even after it has
passed through the evaporator 23. Therefore, the tem-
perature of the upstream position of the air flow in the
condenser 28 is raised, so that the heating capacity of
the condenser 28 is lowered. As a result, the power
consumption of the compressor 27 can be reduced. In
this connection, in the second example, this step 123
composes the first heating amount maximizing control
means.

Next, in steps 114 and 115, the blower voltage is
determined, and then each servo motor and motor con-
troller are controlled.

As described above, in the second example in which
the air conditioner is applied to an electric automobile,
in the case where only the driver is seated in the vehicle
cabin in the inside air circulation mode and the refriger-
ant is flowing in the evaporator 23, the air blowing
mode on the passenger seat side is set in the foot mode
and the temperature of air blown out onto the passenger’
seat side is cooled in the maximum cooling condition.
Due to the foregoing, the temperature of the upstream
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position of the the air flow in the evaporator 23 can be
lowered. Accordingly, the power consumption of the
compressor 27 can be reduced.

In the case where only the driver is seated in the
vehicle cabin in the inside air circulation mode and the
refrigerant is not flowing in the evaporator 23, the air
blowing mode on the passenger seat side is set in the
foot mode and the temperature of air blown out onto
the passenger seat side is heated in the maximum heating
condition. Due to the foregoing, the temperature of the
upstream position of the the air flow in the condenser 28
can be raised. Accordingly, the power consumption of
the compressor 27 can be reduced.

In the second example described above, when only
one passenger is seated in the vehicle cabin in the inside
air circulation mode, the air blowing mode on the pas-
senger seat side is forcibly controlled to be the foot
mode. However, the air blowing mode on the passenger
seat side may be forcibly controlled to be the high level
mode.

Next, with reference to FIG. 15, the third example of
the present invention will be explained as follows. '

The air duct 19 in the upstream position of the evapo-
rator 23 is divided into a driver’s seat side passage and
an passenger seat side passage by a partition plate 192.

This driver’s seat side passage is provided with a
driver’s seat side inside air entrance 25z and a driver’s
seat side outside air entrance 26q4. This driver’s seat side
inside air entrance 25¢ is open at a position close to the
foot position of the driver’s seat. The driver’s seat side
passage is provided with a driver’s seat side inside and
outside air changeover damper 2la to selectively
change over between the inside air entrance 25a and the
outside air entrance 26z, and also provided with a driv-
er’s seat side blower 22a.

The passenger seat side passage is provided with a
passenger seat side inside air entrance 25b and a passen-
ger seat side outside air entrance 26b. This passenger
seat side inside air entrance 25b is open at a position
close to the foot position of the passenger seat. The
passenger seat side passage is provided with a passenger
seat side inside and outside air changeover damper 215
to selectively change over between the inside air en-
trance 25b and the outside air entrance 26b, and is also
provided with a passenger seat side blower 225.

The driver’s seat side inside and outside air change-
over damper 21« and the passenger seat side inside and
outside air changeover damper 215 are driven by the
same servo motor 40. That is, the driver’s seat side
inside and outside air mode and the passenger seat side
inside and outside air mode are controlled to be the
same. The driver’s seat side blower 22¢ and the passen-
ger seat side blower 22b are controlled by the same
motor controller 37.

Next, with reference to FIGS. 16 and 17, the opera-
tion of the third example will be explained as follows.

First, when the control operations of steps 101 to 105
are conducted, the target blowing air temperature
(TAOr, TAOQI) of each seat, the inside and outside air
mode, the air blowing mode of each seat, and the degree
of opening (SWr, SW1) of each seat are found.

Next, in step 106, it is judged whether or not only one
passenger is seated in the vehicle cabin. When it is
judged to be YES in step 106, the program advances to
step 107. When it is judged to be NO in step 106, the
program advances to step 114 (shown in FIG. 17).

In step 107, it is judged whether or not the inside and
outside air mode determined in step 103 is the inside air
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circulation mode. When it is judged to be YES in step
107, the program advances to step 130, and when it is
judged to be NO in step 107, the program advances to
step 114 (shown in FIG. 17).

In step 130, it is judged whether the one passenger is
seated in the driver’s seat or in the passenger seat. When
it is judged that the passenger is seated in the driver’s
seat, the program advances to step 131, and the air
blowing mode on the passenger seat side is determined
to be the foot mode. When it is judged in step 130 that
the passenger is seated in the passenger seat, the pro-
gram advances to step 132, and the air blowing mode on
the driver’s seat side is determined to be the foot mode.
When it is judged in step 130 that the passenger is seated
in a seat except for the driver’s and passenger seats, that
is, the passenger is seated in the rear seat, that is, when
it is judged to be NO in step 130, the program advances
to step 114 (shown in FIG. 17). In the third example, the
aforementioned steps 131 and 132 compose the outlet
changeover control means.

After the control operation of step 131 or 132 has
been completed, the program advances to step 133
(shown in FIG. 17), and it is judged whether or not the
compressor 27 is driven. When it is judged to be YES in
step 133, the program advances to step 134, and it is
Jjudged whether or not the seated passenger is a driver.
When the driver is seated (YES), the degree of opening
of the air mix damper 155 on the passenger seat side is
determined to be 0% in step 135. When the seated pas-
senger is a passenger in the passenger seat (NO), the
degree of opening (SWr) of the air mix damper 152 on
the driver’s seat side is determined to be 0% in step 136.
After that, the program advances to step 114. In the
third example, the step 133 composes the evaporator
refrigerant flow detection means. Also, in the third
example, the steps 235 and 136 compose the first heating
amount minimizing control means described before.

As described above, in the case where only the driver
is seated in the vehicle cabin in the inside air circulation
mode and the compressor 27 is turned on, a cold wind
can be sucked into the passenger seat side inside air
entrance 25b from the passenger seat lower outlet 115
when the control operations of steps 130, 131, 133, 134
and 135 are carried out. Therefore, the temperature of
the upstream position of the air flow in the evaporator
23 can be lowered. As a result, the cooling capacity of
the evaporator 23 is reduced, so that the power con-
sumption of the compressor 27 can be reduced.

In the case where only the passenger is seated in the
vehicle cabin in the inside air circulation mode and the
compressor 27 is turned on, a cold wind can be sucked
into the driver’s seat side inside air entrance 25z from
the driver’s seat lower outlet 11a when the control
operations of steps 130, 132, 133, 134 and 136 are carried
out. Therefore, the temperature of the upstream posi-
tion of the air flow in the evaporator 23 can be lowered.
As a result, the cooling capacity of the evaporator 23 is
reduced, so that the power consumption of the com-
pressor 27 can be reduced.

In this connection, in the case where it is judged to be
NO in step 133, it is judged in step 137 whether the
seated passenger is a driver or not. In the case where the
driver is seated (YES), in accordance with the air blow-
ing mode determined in step 104 (shown in FIG. 16), it
is judged in step 138 whether or not the air blowing
mode on the driver’s seat side is the foot mode (the
heating mode). In the case where it is judged in step 138
that the air blowing mode on the driver’s seat side is the
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foot mode (the heating mode), that is, in the case where
it is judged to be YES, the degree of opening (SWI) of
the air mix damper 155 on the passenger’s side is deter-
mined to be 100% in step 139. On the other hand, in the
case where it is judged not to be the foot mode (the
heating mode) in step 138, that is, in the case where it is
judged to be NO, SW1 is determined to be 0% in step
140. After that, the program advance to step 114. In this
connection, in the third example, the step 138 described
above and the step 141 described later compose the
temperature adjustment condition detection means.
Also, in the third example, the step 139 described above
and the step 142 described later compose the second
heating amount maximizing means described before.

As described above, in the case where only the driver
is seated in the vehicle cabin in the inside air circulation
mode and the compressor 27 is turned off and the foot
mode (the heating mode) is set on the driver’s seat side,
a hot wind can be sucked into the passenger seat side
inside air entrance 256 from the passenger seat lower
outlet 115 when the control operations of steps 130, 131,
133, 137, 138 and 139 are carried out. Therefore, the
temperature of the upstream position of the air flow in
the heater core 24 can be raised. As a result, the heating
capacity of the heater core 24 is reduced, so that the fuel
consumption of the engine can be reduced.

In the case where it is judged to be NO in step 137,
that is, in the case where the passenger is seated in the
passenger seat, in accordance with the air blowing
mode determined in step 104 (shown in FIG. 16), it is
judged in step 141 whether or not the air blowing mode
on the passenger seat side is the foot mode (the heating
mode). In the case where it is judged in step 141 that the
air blowing mode on the passenger seat side is the foot
mode (the heating mode), that is, in the case where it is
Jjudged to be YES in step 141, the degree of opening
(SWr) of the air mix damper 15z on the driver’s seat side
is determined to be 100% in step 142. On the other
hand, in the case where it is judged in step 141 that the
air blowing mode is not the foot mode (the heating
mode), that is, in the case where it is judged to be NO in
step 141, SWr is determined to be 0% in step 143. After
that, the program advances to step 114.

As described above, in the case where only the pas-
senger is seated in the vehicle cabin the inside air circu-
lation mode and the compressor 27 is turned off and the
foot mode (the heating mode) is set on the passenger
seat side, a hot wind can be sucked into the driver’s seat
side inside air entrance 25z from the driver’s seat lower
outlet 11a when the control operations of steps 130, 132,
133, 137, 141 and 142 are carried out. Therefore, the
temperature of the upstream position of the air flow in
the heater core 24 can be raised. As a result, the heating
capacity of the heater core 24 is reduced, so that the fuel
consumption of the engine can be reduced. .

Next, in steps 114 and 115, the air flow amounts of the
driver’s seat side blower 224 and the passenger seat side
blower 225, which correspond to the blower voltage,
are determined, and the values determined in steps 103
and 114 are output into each servo motor and motor
controller.

As described above, in the third example, in the case
where only the driver is seated in the driver’s seat, the
reductions in the air conditioning loads of the evapora-
tor 23 and the heater core 24 can be realized while the
driver feels comfortable in the air-conditioned atmo-
sphere. In the case where only the passenger is seated in
the passenger seat, the reductions in the air conditioning
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loads of the evaporator 23 and the heater core 24 can be
realized while the passenger feels comfortable in the
air-conditioned atmosphere.
In the third example described above, in the case
where only the driver is seated in his seat and the inside
air circulation mode is employed, the passenger seat
side air blowing mode is forcibly controlled to be the
foot mode, however, the passenger seat side air blowing
mode may be forcibly controlled to be the high level
mode. In the third example, in the case where only the
passenger is seated in his seat and the inside air circula-
tion mode is employed, the driver’s seat side air blowing
mode is forcibly controlled to be the foot-mode, how-
ever, the driver’s seat side air blowing mode may be
forcibly controlled to be the high level mode.
In the first to third examples of the present invention,
when a passenger is seated in the driver’s or the passen-
ger seat, the control operation of the present invention
is conducted. However, when the passenger is seated
only in the rear seat, the control operation of the present
invention may be conducted.
As described above, the present invention provides
the following effects: :
When only one passenger is seated in the vehicle
cabin, he feels comfortable in the air-conditioned atmo-
sphere, and the air-conditioning load of the heat ex-
changing means can be reduced. Further, in order to
introduce the conditioned air to the upstream position
of the air flow in the heat exchanging means, the exist-
ing outlet and inside air entrance are used without pro-
viding another air duct. Therefore, the spaces can be
efficiently utilized, and the cost of the air conditioner
can be reduced as compared with an air conditioner in
which another air duct is provided for introducing the
conditioned air.
I claim:
1. An air conditioner for use in a vehicle, comprising:
an air duct having an inside air entrance open to air
inside a vehicle chamber and an outside air en-
trance open to air outside of said vehicle chamber
at a first end of said air duct, and a plurality of
outlets at positions opposed to a plurality of seats in
said vehicle chamber at a second end of said duct;

air blowing means for generating an air flow in said
air duct;

heat exchanging means provided in said air duct for

exchanging heat of air in said air duct;

inside and outside air change-over means for selec-

tively changing over said first end of said air duct
between receiving air through said inside air en-
trance and receiving air through said outside air
entrance;

air outlet change-over means for selectively operat-

ing said plurality of air outlets;

seating detection means for detecting a passenger in

each of said plurality of seats; and

air outlet change-over control means for, when only

one passenger is detected in said vehicle, control-
ling said air outlet change-over means to open a
first one of said plurality of air outlets opposed to
said detected passenger’s respective one of said
plurality of seats and to open a second one of said
plurality of air outlets closest to said inside air
entrance of said air duct, and controlling said inside
and outside air change-over means to open said
inside air entrance;

wherein, when only one passenger is detected in said

vehicle, air discharged from said second one of said
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plurality of air outlets closest to said inside air

entrance is substantially sucked back through said

inside air entrance of said air duct.

2. An air conditioner for use in a vehicle according to
claim 1, wherein said heat exchanging means comprises:

an evaporator composing a refrigerating cycle;

a compressor;

a condenser; and

decompression means for decompressing and expand-

ing refrigerant flowing into said evaporator.

3. An air conditioner for use in a vehicle according to
claim 2, further comprising:

a heater to heat air in said air duct;

a plurality of temperature adjustment means for ad-

justing a heating amount of said heater;

temperature adjustment control means for indepen-
dently controlling each of said temperature adjust-
ment means;

evaporator refrigerant flow detection means to detect

whether or not refrigerant is flowing in said evapo-

rator; and

heating amount minimizing control means for con-

trolling said temperature adjustment control means
to minimize said heating amount of said heater
connected with said second one of said plurality of
outlets when only one passenger is detected in said
vehicle and when refrigerant is detected as flowing
in said evaporator.

4. The air conditioner for use in a vehicle according
to any one of claims 2 or 3, wherein:

said inside air entrance of said air duct is at a position

opposed to a front seat passenger’s one of said

plurality of seats;

said plurality of outlets include:

a driver’s seat upper outlet at a position opposed to
an upper portion of a driver’s one of said plural-
ity of seats,

a driver’s seat lower outlet at a position opposed to
a lower portion of said driver’s seat,

a passenger seat upper outlet at a position opposed
to an upper portion of said passenger’s seat, and

a passenger seat lower outlet at a position opposed
to a lower portion of said passenger’s seat; and

said outlet changeover control means controls said

outlet changeover means, when only one passenger
in said vehicle is detected, to open a closest one of
said passenger seat upper outlet and said passenger
seat lower outlet to said inside air entrance.

5. An air conditioner for use in a vehicle according to
claim 4, wherein, when only one passenger is detected
in said vehicle, said inside and outside air change-over
means selectively changes said first end of said air duct
to receive air through said inside air entrance, said in-
side air entrance is closest to said passenger seat lower
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outlet of said plurality of outlets, and said outlet change-
over means controls said passenger seat lower outlet to
be open.

6. An air conditioner for use in a vehicle according to
claim 4, wherein, when only one passenger is detected
in said vehicle, said inside and outside air change-over
means selectively changes said first end of said air duct
to receive air through said inside air entrance, said in-
side air entrance is closest to said passenger seat upper
outlet of said plurality of outlets, and said outlet change-
over means controls said passenger seat upper outlet to
be open.

7. An air conditioner for use in a vehicle according to
claim 3, wherein said heater is a condenser composing a
refrigerating cycle together with said evaporator, said
air conditioner further comprising:

temperature adjustment condition detection means

for detecting a temperature adjustment condition
of said temperature adjustment means; and

first heating amount maximizing control means for,

when only one passenger is detected in said vehi-
cle, when refrigerant is not detected as flowing in
said evaporator, and when said temperature adjust-
ment means corresponding to said passenger’s seat
is in a heating mode, controlling said temperature
adjustment control means so that an air heating
amount of said condenser is maximized in accor-
dance with 2 number of said detected passengers,
said detected refrigerant flow, and said tempera-
ture adjustment condition detection means;

said condenser being provided in said air duct for said

second one of said plurality of outlets.

8. An air conditioner for use in a vehicle according to
claim 3, wherein said beater is a heater core having a
heat source of engine cooling water, said air conditioner
further comprising:

temperature adjustment condition detection means

for detecting a temperature adjustment condition
of said temperature adjustment means; and
second heating amount maximizing control means
for, when only one passenger is detected in said
vehicle, when refrigerant is not detected as flowing
in said evaporator, and when said temperature
adjustment means corresponding to said passen-
ger’s seat is in a heating mode, controlling said
temperature adjustment control means so that an
air heating amount of said heater core is maximized
in accordance with a number of said detected pas-
sengers, said detected refrigerant flow, and said
temperature adjustment condition detection means;
said heater core being provided in said air duct for

said second one of said plurality of outlets.
* % % % %



