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[57] ABSTRACT

When target blowout temperature to the inside of a vehicle
is over a predetermined temperature in, an air temperature
control system according to the present invention controls a
cooling-ability controller to control air temperature of air
cooled by a heat exchanger for cooling so that airflow
becomes a predetermined temperature, and reduces the
amount of blowout air into the vehicle per unit time com-
pared with the amount of the blowout air when the target
blowout temperature is under the predetermined tempera-
ture. Accordingly, the cooling air temperature due to the heat
exchanger for cooling is fixed at the predetermined tem-
perature even when the target blowout temperature is over
the predetermined temperature. Therefore, generation of
malodors due to dust and mold in the heat exchanger for
cooling is prevented.

20 Claims, 8 Drawing Sheets
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AIR TEMPERATURE CONTROL SYSTEM
FOR A VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is related to and claims priority
from Japanese Patent Application No. Hei 7-337143, incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an air temperature control
system for a vehicle for controlling a cooling unit cooling
the inside of the vehicle or a heating unit heating the inside
of the vehicle.

2. Description of Related Art

An air temperature control system for a vehicle for
controlling air conditioning or heating units in order to cool
the vehicle’s rear seat area by means of a rear cooling unit
and to heat the rear seat area by means of a rear heating unit
is disclosed in Japanese Patent Number B2 258126. More
specifically, a required quantity of heat QF is determined for
maintaining the rear seat air temperature at a predetermined
rear seat air temperature. When the required quantity of heat
QR is negative, the rear cooling unit starts cooling the rear
seat air with the rear heating unit turned off. When the
required quantity of heat Q¥ is positive, the rear heating unit
starts heating with the rear cooling unit turned off.

When cooling the rear seat air, a required air quantity
WRC to the rear seat is determined based on the deviation
between the rear seat air temperature and the predetermined
rear seat air temperature, and a target blowout temperature
TAO* necessary for obtaining the above-mentioned required
quantity of heat Q® under the required air quantity WRC is
calculated. Accordingly, a coolant valve for controlling the
coolant flow to a rear evaporator is turned on and off to
obtain the target blowout temperature TAO® without frost-
ing the rear evaporator.

In addition, when heating the rear seat area, the required
air quantity WRH is determined based on a deviation
between the rear seat air temperature and the determined rear
seat air temperature, and the target blowout temperature
TAO®, necessary for obtaining the required quantity of heat
Q® under the required air quantity WRH, is calculated.
Accordingly, a water valve for controlling the flow of warm
water to a rear heater core in the rear heating unit is turned
on and off to obtain the target blowout temperature TAOZ.

However, in the aforementioned air conditioning unit,
when the outside air temperature is in an intermediate
region, between 10 and 20° C., for example, a problem
occurs. That is, when cooling the rear seat, sometimes the
target blowout temperature TAO® is over, e.g., 15° C. At this
time, after wind airflow based on the temperature is gener-
ated by the rear evaporator, a foul smell is emitted due to the
dust and mold in the rear evaporator and oxide caused by the
corrosion of the rear evaporator, thereby giving passengers
in the vehicle compartment an unpleasant feeling. Needless
to say, this kind of problem also occurs when providing a
cooling unit at the front seat area.

Further, when heating the rear seat, the target blowout
temperature TAOR sometimes falls below the inlet tempera-
ture of the rear heating unit. However, since the rear heater
core in the rear heating unit produces airflow at temperature
in excess of the inlet temperature, the airflow at a tempera-
ture under the inlet temperature cannot be produced by the
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2

rear heating unit. This kind of problem also occurs when
providing the heating unit at the front seat area.

SUMMARY OF THE INVENTION

The aforementioned problems of the prior art are solved
according to a first aspect of the present invention by
providing a system in which, when target blowout tempera-
ture to the inside of the vehicle is over a predetermined
temperature, an air temperature control system includes a
cooling ability controller for controlling air cooling tem-
perature by a heat exchanger for cooling so that airflow
becomes a predetermined temperature, and reduces the
amount of blowout air into the vehicle per unit time com-
pared with the amount of the blowout air when the target
blowout temperature is under the predetermined tempera-
ture.

Accordingly, the cooling air temperature due to the heat
exchanger for cooling is fixed at the predetermined tem-
perature even when the target blowout temperature is over
the predetermined temperature. Therefore, generation of
malodors due to dust and mold in the heat exchanger for
cooling is prevented.

Here, according to the above description, if the cooling air
temperature is fixed at the predetermined temperature even
though the target blowout temperature is over the predeter-
mined temperature, the quantity of supply heat to the vehicle
is superfluous in an aspect of temperature.

However, according to the present invention, the excess
heat quantity can be set off and a desired quantity of heat can
be supplied to the inside of the vehicle because the blowout
air amount per unit hour is reduced compared to the blowout
air amount when the target blowout temperature is under the
predetermined temperature.

According to a second aspect of the present invention,
when the target blowout temperature to the inside of the
vehicle is under an air temperature at an inlet side of a heat
exchanger for heating (hereinafter, inlet temperature), the
blowout air amount to the vehicle per unit time is reduced
compared to the blowout air amount when the target blowout
temperature is over the inlet temperature.

Here, the heat exchanger for heating is for heating the
inlet temperature. Since the heat exchanger cannot produce
the air at the temperature under the inlet temperature, the air
at the same temperature as the inlet temperature is blown
into the vehicle when the target blowout temperature is
under the inlet temperature. That is, the quantity of supply
heat to the vehicle is superfluous in an aspect of temperature
because the blowout temperature into the vehicle is fixed at
the inlet temperature in spite of the fact that the target
blowout temperature is under the inlet temperature.

However, according to the present invention, the excess
heat quantity can be set off and a desired quantity of heat can
be supplied to the inside of the vehicle because the blowout
air amount per unit hour is reduced compared to the blowout
air amount when the target blowout temperature is over the
predetermined temperature.

According to a third aspect of the present invention, a
blowout air amount per unit time to the vehicle is reduced by
repeating the operation and stopping of the blower.

A type of blower which generates an air flow by driving
a fan with a DC motor is generally used. In case of driving
a fan using the DC motor, in terms of the characteristics of
the motor, the fan cannot be in operation unless a drive
voltage at least a predetermined voltage (4V, for example) is
applied to the fan. That is, the minimum amount of air
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obtained by rotating the fan is the amount corresponding to
this predetermined voltage. No air amount under this air
amount can be obtained.

Therefore, for the above-mentioned reasons, the target
blowout temperature can neither be over the predetermined
temperature when the blower is in operation at the minimum
air amount, nor the under absolute air amount when the
target blowout temperature is under the inlet temperature so
as to reduce the blowout air amount per unit time. On the
other hand, since the present invention takes the process of
repeating operation and stoppage of the blower, the blowout
air amount per unit hour to the vehicle can be easily reduced
even if the blower is in operation at the maximum air amount
in the above-mentioned way.

According to a fourth aspect of the present invention, the
cycle of the blower going between operation and stoppage is
varied periodically. In this way, the periodic variation of the
cycle provides passengers in the vehicle with a sense of air
gusting, thereby withdrawing a sense of incompatibility the
passengers may feel due to the repetition of blowing and
stoppage.

Other objects and features of the invention will appear in
the course of the description thereof, which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects and advantages of the present inven-
tion will be more readily apparent from the following
detailed description of preferred embodiments thereof when
taken together with the accompanying drawings in which:

FIG. 1 is a schematic view illustrating a position of each
heating/cooling unit in a vehicle according to a preferred
embodiment of the present invention;

FIG. 2A is a schematic view of a front air temperature
control unit;

FIG. 2B is a schematic view of a rear cooler unit; and

FIG. 2C is a schematic view of a rear heater unit accord-
ing to the embodiment of the present invention;

FIG. 3 is a block diagram of a control system according
to the embodiment of the present invention;

FIG. 4 is a flowchart of a microprocessor control program
according to the embodiment of the present invention;

FIG. 5 is a graph of an internal/external air mode at a front
seat side according to the embodiment of the present inven-
tion;

FIG. 6 is a graph of a blown air outlet mode at the front
seat side according to the embodiment of the present inven-
tion;

FIG. 7 is a graph of a front seat blower voltage according
to the embodiment of the present invention;

FIG. 8 is a map of operation modes of a rear cooler unit
and a rear heater unit according to the embodiment of the
present invention;

FIG. 9 is a flowchart showing Step S110 of FIG. 4 in
greater detail;

FIG. 10 is a graph of base blower voltage Vab(Rc) of the
rear cooler unit according to the embodiment of the present
invention;

FIG. 11 is a graph of a duty cycle of the blower voltage
of the rear cooler unit according to the embodiment of the
present invention;

FIG. 12 is a graph of blower voltage of the rear cooler unit
according to the embodiment of the present invention;

FIG. 13 is a graph of base blower voltage Vab(Rh) of the
rear heater unit according the embodiment of the present
invention;
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FIG. 14 is a graph of a duty cycle of the blower voltage
of the rear heater unit according to the embodiment of the
present invention;

FIG. 15 is a graph of the blower voltage of the rear heater
unit according to the present invention; and

FIG. 16 is a graph of a target evaporator temperature
TEO(Rr) of the rear cooler unit according to the embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EXEMPLARY
EMBODIMENTS

An embodiment of the present invention will hereinafter
be described with respect to the accompanying drawings. As
shown in FIG. 1, a front air temperature control unit 1 for
cooling and heating a front seat area is disposed at the front
seat side of a vehicle. A rear cooling unit 2 for cooling a rear
seat area and a rear heater unit 3 for heating the rear seat area
are disposed at the rear side thereof.

Front air conditioning unit 1 is provided at an inside of a
vehicle instrument panel disposed at the vehicle front seat
side. Air is blown from a position toward the upper part of
the body and the feet of the passenger at the front seat and
also toward an inner surface of a windshield.

Rear cooler unit 2 is provided at a space between a inner
wall of the vehicle and the bottom of the rear seat so that air
is blown primarily toward the head of a passenger in the rear
seat from the vehicle ceiling via a ceiling duct 4.

Rear heater unit 3 is provided at a bottom portion of the
front passenger seat. From this position, air is blown mainly
to the foot of the passenger on the rear seat.

Next, the structure of front air conditioning unit 1 will be
described with reference to FIG. 2A. While an internal air
inlet 7 for drawing in internal air in the vehicle and an
external air inlet 8 for drawing in external air are provided
at a portion at air upstream side of an air conditioning case,
an internal/external air switching door 9 is also formed
thereat for switching an inlet ratio of the internal air to the
external air from inlets 7 and 8. This internal/external air
switching door 9 is driven by a servomotor (see FIG. 3) as
a driving means.

A fan 10 as a blower is disposed at an air downstream
portion of the internal/external switching door 9. This fan is
driven by a blower motor 49 (sece FIG. 3) as means for
driving fan 10 so that the rotational speed of fan 10, that is,
the amount of blowing air, is controlled by the blower
voltage applied to blower motor 49. Here, the blower
voltage is determined by an ECU 5 (see FIG. 3).

A front evaporator 11 as a heat exchanger for cooling is
disposed at an air downstream side of fan 10. Along with a
compressor (not shown) driven by a vehicle engine (also not
shown), rear evaporator 11 makes up a refrigeration cycle in
conjunction with a condenser and decompressing means (not
shown) or the like connected to each other with refrigerant
pipes, as is known in the art. An electromagnetic valve 12 for
controlling the refrigerant flow to the front evaporator 11 is
provided at the refrigerant upstream side of front evaporator
11.

A front heater core 13 is disposed as a heat exchanger for
heating at a portion of an air downstream side from front
evaporator 11. Front heater core 13, having engine cooling
water flow inside, reheats the air passing therethrough using
the cooling water as a heat source. In addition, in air
conditioning case 6, a bypass passage 14 is formed so that
cool air from front evaporator 11 bypasses front heater core
13.
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In air conditioning case 6, an air mixing door 15 is
disposed as a temperature adjusting means and as an air
amount ratio adjusting means for adjusting the ratio of the
amount of cool air passing through front heater core 13 to
the amount of cool air passing through bypass passage 14.
The air mixing door 15 is driven by a servomotor 45 (see
FIG. 3) as a means for driving air mixing door 15.

A defroster opening 16 for blowing out air toward the
inner surface of the windshield, a front face opening 17 for
blowing out air toward the upper portion of the passenger at
the front seat, and a front foot opening 18 for blowing out
air to the foot of the passenger at the front seat are formed
at a portion of an air downstream side of air conditioning
case 6.

Further, in air conditioning case 6, a defroster door 19 for
opening and closing defroster opening 16 and a face/foot
switching door 20 for selectively opening and closing front
face opening 17 and front foot opening 18 are provided.
These doors 19 and 20 are driven by servomotors 46 and 47
(see FIG. 3) as means for driving doors 19 and 20, respec-
tively.

A structure of rear cooler unit 2 will now be described
with reference to FIG. 2B. At an air upstream portion of a
cooler case 21 as an air passage, an internal air inlet 22 is
formed opening nearby the foot of the passenger at the rear
seat. A fan 23 as a blower is disposed in the cooler case 21.
This fan 23 is driven by a blower motor 50 (see FIG. 3) as
means for driving fan 23, and the rotational speed of fan 23
is controlled by the blower voltage applied to blower motor
50. This blower voltage is determined by ECU 5 (see FIG.
3).

At a downstream side of fan 23, a rear evaporator 24 is
disposed as a heat exchanger for cooling air. Rear evaporator
24 makes up part of the same refrigeration cycle as front
evaporator 11 as mentioned above. An electromagnetic
valve 25 for controlling the flow of refrigerant to rear
evaporator 24 is provided at the refrigerant pipe at the
refrigerant upstream side of rear evaporator 24. A rear face
opening 26 to which ceiling duct 4 (see FIG. 1) is connected
is formed at an air downstream portion of cooler case 21.

Next, a structure of rear heater unit 3 will be described
with reference to FIG. 2C. At an air upstream side of a heater
case 27 as an air passage, an internal air inlet 28 is formed
to open around the foot of the passenger at the front
passengers seat. A fan 29 as blowing means is disposed in
heater case 27. This fan 29 is driven by a blower motor 51
(see FIG. 3) as means for driving fan 29. The rotational
speed of fan 29 is controlled by the blower voltage applied
to blower motor 51. In addition, the blower voltage is
determined by ECU 5 (see FIG. 3). A rear heater core 30 as
a heat exchanger for heating is disposed at a downstream
side of fan 29. Rear heater core 30, having engine cooling
water flow inside thereof, is for heating the air passing
through rear heater core 30 using the cooling water as a heat
source. A bypass passage 31 is formed for bypassing the air
from fan 29 through rear heater core 30.

In addition, in heater case 27, an air mixing door 32 is
disposed as a temperature adjusting means and as an air
amount ratio adjusting means for adjusting the ratio of the
amount of the air passing through rear heater core 30 and the
amount of the air passing though bypass passage 31. Air
mixing door 32 is driven by a servomotor 48 (sec FIG. 3) as
means for driving air mixing door 32. Further, a rear foot
opening is provided at the air downstream side portion of
heater case 27. Rear foot opening 33 is connected to a rear
foot duct (not shown) for blowing out the conditioned air
toward the foot of the passenger at the rear passenger seat.
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Next, a structure of a controlling system of the present
embodiment will be described with reference to FIG. 3.
ECU § controlling each air temperature control unit in each
of units 1 through 3 includes a well-known microprocessor
and the like including a CPU, ROM, RAM, etc. and is driven
with a power source from a battery (not shown) when a
vehicle ignition switch (also not shown) is turned off.

Input terminals of ECU 5 are electrically connected to the
following sensors: a front internal air temperature sensor 34
for detecting the temperature of the front seat area in the
vehicle, a rear internal air temperature sensor 35 for detect-
ing the temperature of the rear seat area in the vehicle, an
external air temperature sensor 36 for detecting the external
air temperature, an insolation sensor 37 for detecting an
amount of sunlight irradiating the interior of the vehicle, a
front evaporator temperature sensor 38 for detecting the
temperature of air cooled by front evaporator 11 (more
specifically, the air temperature after passing through front
evaporator 11), a rear evaporator temperature sensor 39 for
detecting the temperature by rear evaporator 24 (more
specifically, the air temperature after the air passing through
rear evaporator 24), a water temperature sensor 40 for
detecting the temperature of engine coolant temperature, an
inlet temperature sensor 41 as inlet air temperature detecting
means for detecting the temperature of the air drawn in from
internal air inlet 28 into heater case 27, a front temperature
setting device 42 for setting a target temperature at the front
seat side, and a rear temperature setting device 43 for setting
a target temperature at the rear seat side.

Among these sensors, each signal from sensors 34
through 41 (front and rear internal temperature sensors 34
and 35, external temperature sensor 36, insolation sensor 37,
front and rear evaporator temperature sensor 38 and 39,
water temperature sensor 40, inlet temperature sensor 41) is
A/D-converted by means of an A/D converter (not shown) in
ECU 5 and input to the above-mentioned microprocessor.

On the other hand, front temperature setting device 42 is
disposed on a front air conditioning panel provided in an
instrument panel at the front seat. The front air conditioning
panel further includes a switch for switching the blowoff
mode, a switch for switching the internal/external air mode,
a switch for adjusting blowoff air amount, an autoswitch for
automatically controlling each of the air conditioning means
in front air conditioning unit 1, or the like. Rear temperature
setting device 43 is disposed on a rear air conditioning panel
provided at the instrument panel at the rear seat. The rear air
conditioning panel further includes a switch for switching
the blowoff mode, a switch for adjusting blowoff air amount,
an autoswitch for automatically controlling each of the air
conditioning means in rear cooler unit 2 and rear heater unit
3, or the like.

Next, a control process of the microprocessor will be
described with reference to FIG. 4. When the ignition switch
is turned on to supply power to ECU 5, routine of FIG. 4 is
started, thereby performing an initializing process at Step
S$10 and reading the predetermined temperature (Tset (Fr),
Tset (Rr)) set by temperature setting device 42 and 43 at Step
S20. In the next Step S30, signals (Tr(Fr), Tr(Rr), Tam, Ts,
Te(Fr), Te(Rr), Tw, Tin(Rr)), which are converted from the
outputs of sensors 34 through 41 are retrieved.

In the next Step S40, a target blowout temperature at the
front seat TAO(Fr) is computed based on the following
Equation (1) stored in ROM beforehand.

TAO(Fr)=Kset(Fr)* Tset(Fr)-Kv(Fr)* Tr(Fr)-Kam(Fr)* Tam—
Ks(Fr)*Ts+C(Fr)(°C.) @

Here, the above-mentioned Kwet(Fr), Kr(Fr), Kam(Fr)
and Ks(Fr) are correction gains, while C(Fr) is a correction
coefficient.
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Next, in Step S50, an internal/external air mode of front
air conditioning unit 1 is determined based on the afore-
mentioned TAO(Fr)and a map of FIG. 5 which is stored in
ROM. SWI in FIG. 5 is a target opening of internal/external
switching door 9. A 100% opening of SWI switches to a
complete external air introducing mode, while a 0% opening
of SWI switches to a complete internal air introducing mode.

In a Step S60, a blowout opening mode of front air
conditioning unit 1 is determined based on the above-
mentioned TAO(Fr) and a map of FIG. 6 which is stored in
ROM beforehand.

At this point, a face mode (FACE) is a mode in which the
air is blown out via front face opening 17 toward the upper
portion of the front passenger’s body. A bilevel mode (B/L)
is a mode in which the air is blown off via front face opening
17 and front foot opening 18 toward both the upper portion
and the foot of the front passenger’s body. A foot mode
(FOOT) is a mode in which the air is blown out via front foot
opening 18 toward the foot of the front passenger’s body.

Next, in a Step S70, the front blower voltage, which is
applied to blower motor 49 of front air conditioning unit 1,
is determined based on the above-mentioned TAO(Fr) and a
map of FIG. 7 which is stored in ROM beforehand.

Then, in the next Step S80, rear target blowout tempera-
ture TAO(Rr) is computed based on the following Equation
(2) which has already been stored in ROM.

TAORr)=Kset(Rr)* TsetRr)-Kr(Rr)* Tr(Rr)-Kam(Rr)* Tam—
Ks(Rr)*TS+CRr)—=*a*(SWI+#)/(100+#) * (Tr(Fr)-Tr(R¥))
°C) @

The aforementioned Kset(Rr), Kr(Rr), Kam(Rr) and
Ks(Rr) are correction gains, and C(Rr), § and o are correc-
tion coefficients. Here, the correction coefficient f is a
coefficient indicating a degree of influence to the rear seat
when front air conditioning unit 1 is in the external air
introducing mode.

In addition, the last term of Equation (2), “~f*a*((SWI+
0)/100+1))*(Tr(Fr)-Tr(Rr))”, is for counteracting the influ-
ence of front air conditioning unit 1.

Next, in Step s90, operation modes of rear cooler unit 2
and rear heater unit 3 are determined based on the TAO(Rr)
and a map of FIG. 8 which is stored in ROM beforehand. At
this point, the mode in which only rear cooler unit 2 is
operated corresponds to a face mode, while the mode in
which only rear heater unit 3 is operated corresponds to a
foot mode, and the mode in which both units 2 and 3 are
operated corresponds to a bilevel mode. Hereinafter, above
these operation modes are mentioned as FACE(Rr), FOOT
(Rr) and B/L(Rr).

In the next Step S100, a target blowout temperature at rear
cooler unit 2 TAO(Rc) and a target blowout temperature at
rear heater unit 3 TAO(Rh) are computed.

More specifically, TAO(Rc) is computed based on the
following Equation (3) stored in ROM in advance when the
operation mode is in B/L(Rr) but is computed based on the
following Equation (4) stored in ROM in advance when the
operation mode is not in B/L(Rr). Further, TAO(Rh) is
computed based on the following Equation (5) stored in
ROM in advance when the operation mode is in B/L(Rr) but
is computed based on the following Equation (6) stored in
ROM in advance when the operation mode is not in B/L(Rr).

©)
@
®
©

TAO(RC)=TAO(R¥)-10 (°C.)
TAORC)=TAORY) (°C.)
TAORM)=TAO(RA)+10 (°C.)

TAORK) =TAO(Ry) (°C.)
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In this way, the difference is taken between TAO(Rc) and
TAO(Rh) when the operation mode is in B/L(Rr) to generate
the temperature difference between the top and bottom of the
blowout air to the rear seat so that the passenger in the rear
seat feels cooler at his head and warmer at his feet.

Going on to the next Step S110, a sub-routine of FIG. 9
is called in order to determine rear cooler blower voltage
Va(Rc) to be applied to blower motor 50 of rear cooler unit
2 and rear heater blower voltage Va(Rh) to be applied to
blower motor 51 of rear heater unit 3. The following is the
processing of FIG. 9.

In Step S111, the operation mode determined in Step S90
is determined whether the mode is FOOT(Rr) or not. Here,
if the result is YES, since it is time to stop rear cooler unit
2, processing jumps to Step S115 so that rear cooler blower
voltage Va(Rc) is set to zero.

On the other hand, when the result is NO in Step S111,
since it is time to start rear cooler unit 2, in Step S112,
blower voltage Vab(Re) as a base of blower motor 50 is
determined based on a map of FIG. 10 stored in ROM
beforehand. In addition, according to the map of FIG. 10,
when TAO(Rr) is 15° C. or more, the above-mentioned base
blower voltage Vab(Rc) is set to be the minimum voltage
(V1 or V2).

Here, base blower voltage Vab(Rc) in the operation mode
of B/L(Rr) is smaller than base blower voltage Vab(Rc) in
the mode of FACE(Rr) because air is blown out also from
rear heater unit 3 when the B/L(Rr) mode is selected. That
is, when the time of B/L(Rr), blower motor 51 of rear heater
unit 3 is driven by the blower voltage corresponding to the
difference between Vab(Rc) in FACE(Rr) and Vab(Rc) in
B/L according to FIG. 10.

Then, in the next Step S113, a duty ratio for turning on and
off blower motor 50 is determined based on a map of FIG.
11 already stored in ROM. This duty ratio is, as illustrated
in FIG. 12, a time T2 for turning on blower motor 50 with
respect to a cycle T1 (2 minutes in the present embodiment)
for turning on and off blower motor 50.

According to a map of FIG. 11, in the FACE (Rr)
operation mode, the duty ratio becomes 100% if TAO(Rr) is
15° C. or less. If TAO(RYr) is greater than 15° C., the duty
ratio is set to be smaller as TAO(Rr) becomes greater. When
the operation mode is B/L(Rr), the duty ratio becomes 100%
if TAO(Rr) is 25° C. or less, and the duty ratio becomes
smaller as TAO(Rr) becomes greater if TAO(Rr) is 25° C.

In the next Step S114, the final rear cooler blower voltage
Va(Re) is determined. Here, the smaller of base blower
voltage Vab(Rc) determined from FIG. 10 and blower volt-
age Vad(Rce) illustrated in FIG. 12 is determined to be the
rear cooler blower voltage Va(Rc).

Then, Step S116 determines whether the operation mode
determined in Step S90 is FACE(Rr) or not. Here, if the
result is YES, since it is time to stop rear heater unit 3, the
processing jumps Step S120 in order to set rear heater
blower voltage Va(Rh) to zero. On the other hand, if the
result is NO, since it is time to operate rear heater unit 3,
blower voltage Vab(Rh) to be a base of blower motor 51 is
determined based on a map of FIG. 13 already stored in
ROM.

The reason why base blower voltage Vab(Rh) when the
operation mode is B/L(Rr) is smaller than base blower
voltage Vab(Rh) of FOOT(Rr) mode is as mentioned above.

Next, in Step S118, a duty ratio for turning on and off
blower motor 51 is determined based on a map of FIG. 14
already stored in ROM. This duty ratio is, as shown in FIG.
15, a time T2 for turning blower motor 51 on with respect
to a cycle T1 (2 minutes for the present embodiment) for
turning blower motor 51 on and off.
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According to the map of FIG. 14, the duty ratio is set to
be 100% when a deviation between inlet temperature Tin
(Rr) and target blowout temperature TAO(Rh) is 0° C. or
less (that is, Tin(Rh) =TAO(Rh)). When the deviation is 0°
C. or more, ie., Tin(Rr)ZTAO(Rh), the duty ratio is set to
be smaller as the deviation becomes greater.

In the next Step S119, the final rear heater blower voltage
Va(Rh) is determined. Here, the smaller of base blower
voltage Vab(Rh) obtained from FIG. 13 and blower voltage
Vad(Rb) illustrated in FIG. 15 is determined as rear heater
blower voltage Va(Rh).

Then, in Step S130 according to FIG. 13, the blowout
temperature from rear cooler unit 2 is controlled. More
specifically, a target evaporator temperature TEO(Rr) is first
determined based on TAO(Re) computed from aforemen-
tioned Equations (3) and (4) and a map of FIG. 16 already
stored in ROM. Secondly, an electromagnetic valve 25
(shown in FIG. 2B) is on-off controlled so that a rear seat
evaporator temperature Te(Rr) detected by rear seat evapo-
rator temperature sensor 39 becomes the above-mentioned
target temperature TEO(Rr). This type of on-off control is
generally known in the art.

According to the map of FIG. 16, when TAO(Rc) is 0(°C.)
or less, TEO(Rr) equals 0(°C.) and is maintained to be
0(°C.). This is because of a prevention of frost from rear
evaporator 24. Further, when 0=TAO(Rc)=15(°C.), TEO
(Rr)=TAO(Rc). When TAO(Rc)Z15(°C.), TEO(Rc)=15
(°C.) and is maintained the same. This is because there is the
possibility of a foul smell being emitted from evaporator 24
when producing air of 15(°C.) or more at rear seat evapo-
rator 24.

Then, in the next Step S140, each target opening 8(Fr) and
B(Rr) of air mixing door 15 and 32 are determined based on
the following respective Equations (7) and (8) already stored
in ROM.

O(Fr)=100*(TAO(Fr)--Te(Fr))/(Tw-Te(Fr)) (%) @)

®

In the next Step S150, control signals are output to each
actuator in order to obtain each mode determined by the
above-mentioned steps from S50 to S70 and from S110 to
$140.

Step S160 determines whether the fixed control cycle time
T has expired or not. If YES, the processing goes back to
Step S20, and if NO, the processing waits for the expiration
of control cycle time .

As the aforementioned control is repeated, when rear seat
cooler unit 2 is in operation, the air cooling temperature by
means of rear seat evaporator 24 is maintained to be 15(°C.)
even though TAO(Rc)Z15° C. Therefore, occurrence of a
foul smell due to the dust or mold in rear seat evaporator 24
can be prevented.

At this point, if the air cooling temperature is maintained
to 15° C. even if TAO(Rc)=15° C. in the above-mentioned
way, the supplied amount of heat to the vehicle compartment
becomes excessive considering the aspect of temperature.
However, according to the present embodiment, because the
amount of blowout air to the vehicle compartment per unit
time is reduced by turning on and off the air amount, the
excessive amount of heat can be set off, thereby supplying
the desired amount of heat to the vehicle compartment.

In addition, while rear heater unit 3 is in operation, if
Tin(Rr) is Tin(Rr)ZTAO(Rh), because the target opening
O(Rr) of air mixing door 32 becomes 6(Rr) =0 according to
Equation (8), the blowoff temperature to the vehicle com-
partment is maintained to Tin(Rr), and the supplied amount

O(Rr)=100*(TAORK)-Tin(RA)/(Tw-Tin(Rr)) (%)
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of heat to the vehicle compartment becomes excessive
considering the aspect of temperature. However, in this case,
according to the present embodiment, because the blowout
air amount to the vehicle compartment per unit time is
reduced by turning on and off the air amount, the excessive
heat amount is reduced, thereby supplying the desired
amount of heat to the vehicle compartment.

Therefore, according to the present embodiment, with rear
cooler unit 2 and rear heater unit 3, the rear seat can be
controlled to a desired temperature by producing the nec-
essary amount of heat without using a unit having both an
evaporator and a heater core like front seat air conditioning
unit 1.

Further, according to the present embodiment, since the
blowout air amount to the vehicle compartment per unit hour
is reduced by turning fans 23 and 29 on and off, the blowout
air amount per unit hour can be easily reduced even if the
blower voltage is the minimum voltage (V1 or V2 in FIG.
10, V3 or V4 in FIG. 13).

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

While cycle T1 in FIG. 12 or 15 is fixed in the above-
mentioned embodiment, cycle T1 may be varied in confor-
mity with a predetermined rule such as 1/f random, M-series
random, or the like. Consequently, the variation of cycle T1
results in providing passengers in the rear seat with inter-
mittent air gusts, thereby reducing a sense of incompatibility
which the passenger may feel due to the changes in air
amount.

Although the above embodiment describes an example of
disposing front seat air conditioning unit 1 having front seat
evaporator 11 and front seat heater core 14 at the front seat
side, a cooler unit and a heater unit may be disposed for
cooling and heating the front seat respectively, instead of
front seat air conditioning unit 1. In addition, it is not
necessary to provide both the cooler unit and the heater unit,
and the present invention is applicable when either one of
these is provided.

As a method of repeatingly changing the volume (power/
strength) of the blowout air to the vehicle compartment, a
method of repetitively turning fans 23 and 29 on and off is
employing in the above embodiment. With repeating the
strength and weakness of the air amount, or with gradually
increasing and reducing the air amount, it is not necessary to
turn the fan off.

While a method of repeatingly changing the strength of
the blowout air to the vehicle compartment is employed as
a method of reducing the amount of the blowout air to the
vehicle compartment per unit time in the above
embodiment, the amount of the blowout air may be reduced
by reducing the absolute air amount itself.

In addition, the predetermined temperature according to
the first aspect of the present invention is set to 15° C. in the
above embodiment. Since passengers will not detect a foul
smell from rear seat evaporator when the cooling air tem-
perature by rear seat evaporator 24 is set under the prede-
termined temperature, the predetermined temperature may
be selected to be near that temperature.

Further, the air cooling ability in rear seat evaporator 24
is adjusted by turning on and off electromagnetic valve 25 in
the first embodiment, but the air cooling ability may be
adjusted by turning on and off the compressor.

Still further, the first embodiment employs an air mixing
type rear seat heater unit 3 for adjusting the blowout air
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temperature by controlling the opening of air mixing door
32, but the present invention may use the heater unit of a
reheat type for adjusting the blowout air temperature by
adjusting the flow amount or temperature of the hot water
flowing into rear heater core 30.

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

What is claimed is:

1. An air temperature control system for a vehicle, com-
prising:

a blower for generating an air flow;

an air passage for receiving air generated by said blower

into a passenger compartment of said vehicle;

a cooling heat exchanger, disposed inside said air passage,
for cooling air in said air passage; and

cooling ability adjusting means for adjusting an air cool-
ing ability of said cooling heat exchanger so that air
cooling temperature cooled by said cooling heat
exchanger becomes a target blowout temperature to
said vehicle compartment;

wherein when said target blowout temperature is higher
than a predetermined temperature, said cooling ability
adjusting means is controlled so that said air cooling
temperature cooled by said cooling heat exchanger
reaches said predetermined temperature, said cooling
ability adjusting means also controlling said blower so
that a blowout air amount per unit time to said vehicle
compartment is reduced in accordance with a rise in the
target blowout temperature, said cooling ability adjust-
ing means controlling a temperature of said passenger
compartment by regulating a temperature of said cool-
ing heat exchanger when said target blowout tempera-
ture is above said predetermined temperature, said
cooling ability adjusting means controlling said tem-
perature said passenger compartment by regulating said
blowout air amount per unit time from said blower
when said target blowout temperature is below said
predetermined temperature.

2. The system of claim 1, wherein said amount of blowout
air per unit time is reduced by repeatingly varying a strength
of blowout air to said vehicle passenger compartment.

3. The system of claim 2, wherein said strength of
blowout air to said vehicle passenger compartment is repeat-
edly varied by repeating starting and stopping of said
blower.

4. The system of claim 3, wherein a cycle of repeating said
starting and stopping is periodically varied.

5. The system of claim 2, wherein:

said cooling ability adjusting means correspondingly

decreases said amount of blowout air when said target
blowout temperature increases above said predeter-
mined temperature;

said cooling ability adjusting means maintains said cool-
ing heat exchanger at said predetermined temperature
when said target blowout temperature is above said
predetermined temperature; and

said cooling ability adjusting means maintaining said
amount of blowout air at a substantially constant blow
rate when said target blowout temperature is below said
predetermined temperature.

6. An air temperature control system for a vehicle, com-

prising:
a blower for generating an air flow;
an air passage for receiving air generated by said blower;
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a heating heat exchanger, disposed in said air passage, for

heating air in said air passage;

temperature controlling means for controlling a tempera-

ture of blowout air to a vehicle passenger compartment;
and

inlet air temperature detecting means for detecting a

temperature of air at an inlet side of said heating heat
exchanger;

wherein said temperature controlling means is further for

controlling said temperature of blowout air to be a
target blowout temperature to said vehicle passenger
compartment; and

when said target blowout temperature is less than an inlet

temperature detected by said inlet temperature detect-
ing means, said temperature controlling means also
controlling said blower so that an amount of blowout
air to said vehicle compartment per unit time is reduced
in accordance with a drop of the target blowout tem-
perature.

7. The system of claim 6, wherein said air passage
includes a bypass passage therein for bypassing said heating
heat exchanger, and said temperature controlling means
includes an air amount ratio controlling means for control-
ling a ratio of an amount of air passing through said heating
heat exchanger to an amount of air passing through said
bypass passage.

8. The system of claim 7, wherein said amount of blowout
air per unit time is reduced by repeatedly varying a strength
of blowout air to said vehicle passenger compartment.

9. The system of claim 8, wherein said strength of
blowout air to said vehicle passenger compartment is repeat-
edly varied by repeating starting and stopping of said
blower.

10. The system of claim 9, wherein a cycle of repeating
said starting and stopping is periodically varied.

11. The system of claim 6, wherein said amount of
blowout air per unit time is reduced by repeatedly varying a
strength of blowout air to said vehicle passenger compart-
ment.

12. The system of claim 11, wherein said strength of
blowout air to said vehicle passenger compartment is repeat-
edly varied by repeating starting and stopping of said
blower.

13. The system of claim 12, wherein a cycle of repeating
said starting and stopping is periodically varied.

14. A controller for a vehicle air conditioner apparatus that
controls a heat exchanger so that a blowout air temperature
reaches a target temperature when the target temperature is
set within a predetermined heat exchanger limit, the con-
troller controlling both the heat exchanger and a blowout air
amount per unit time when the target temperature is set
outside the predetermined heat exchanger limit so that the
target temperature is reached while maintaining the prede-
termined heat exchanger limit, the controller reducing the
blowout air amount per unit time In accordance with an
offset amount of the target temperature from the predeter-
mined heat exchanger limit.

15. The controller of claim 14, wherein the predetermined
heat exchanger limit comprises a maximum blowout air
cooling mode temperature.

16. The controller of claim 14, wherein the predetermined
heat exchanger limit comprises a minimum blowout air
heating mode temperature.

17. The controller of claim 14, wherein the blowout air
amount is controlled based on stored map data when the
target blowout temperature is set outside the predetermined
heat exchanger limit.
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18. A vehicle air conditioner comprising:

an air conditioner circuit including a cooler unit, a heater
unit, a target blowout temperature calculator, a unit
movement mode determining device, a cooler unit
controller, and a heater unit controller;

the cooler unit including a first blowout device for gen-
erating a first air flow, a first air passage for introducing
air from the blowout device to a vehicle compartment,
a cooling heat exchanger disposed inside of the air
passage for cooling the air within the first air passage,
and a cooling ability adjusting device for controlling an
air cooling ability of the cooling heat exchanger, the
cooling ability adjusting device being controlled so that
a temperature of the air cooled by the cooling heat
exchanger reaches a vehicle compartment target blow-
out temperature;

the heater unit including a second blowout device for
generating a second air flow, a second air passage for
introducing air from the second blowout device to the
vehicle compartment, a heating heat exchanger dis-
posed inside of the second air passage for heating the
air within the second air passage, a heating ability
adjusting device for controlling an air heating ability of
the heating heat exchanger, and an intake air tempera-
ture detector for detecting an intake side air tempera-
ture of the heating heat exchanger, the heating ability
adjusting device being controlled so that a temperature
of the air heated by the heating heat exchanger reaches
the vehicle compartment target blowout temperature;

the target blowout temperature calculator being operative
to calculate the target blowout temperature;

the unit movement mode determination device for deter-

mining whether the cooler unit of the heater unit should
be driven based on the target blowout temperature
calculated by the target blowout temperature calculator;

when the unit movement mode determining device deter-

mines that the cooler unit should be driven, the cooler
unit controller controlling the cooling ability adjusting
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device so that the temperature of the air cooled by the
cooling heat exchanger reaches the target blowout
temperature when the target blowout temperature is
less than a predetermined temperature, the cooler unit
controller controlling the cooling ability adjusting
device so that the temperature of the air cooled by the
cooling heat exchanger is maintained at the predeter-
mined temperature when the target blowout tempera-
ture is more than the predetermined temperature, and
the cooler unit controller controlling the blowout
device so that a vehicle compartment blowout amount
air amount per unit time is reduced in accordance with
a rise of the target blowout temperature; and

when the unit movement mode determining device deter-
mines the heater unit should be driven, the heater unit
controller controls the heating ability adjusting device
so that the temperature of the air heated by the heating
heat exchanger reaches the target blowout temperature
when the target blowout temperature is more than an
inlet temperature detected by an intake air temperature
sensor, and controls the blowout device so that a
blowout amount of air per unit time is reduced in
accordance with a drop in the target blowout tempera-
ture when the target blowout temperature is less than
the inlet temperature detected by the intake air tem-
perature with a drop in the target blowout.

19. The vehicle air conditioner of claim 18, wherein the
unit mode movement determination device selectively deter-
mines an operation mode as one of a first mode in which the
only cooler unit is driven. a second mode in which only the
heater unit is driven, and a third mode in which the cooler
unit and the heater unit are driven.

20. The vehicle air conditioner of claim 19, wherein the
blowout air amount of the cooler unit in the third mode is
less than that of the first mode, and the blowout air amount
of the heater unit in the third mode is less than that of the
second mode.



