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57 ABSTRACT

When a refrigerant evaporation temperature of an interior
evaporator cannot be set lower than a dew-point temperature
of air flowing into the interior evaporator in a heating
operation, a refrigerant circuit is switched to a normal
heating operation mode in which a flow rate of the refrig-
erant flowing into the interior evaporator is set to zero by
allowing the refrigerant to flow toward a bypass passage. In
a case where the air cannot be dehumidified by the interior
evaporator, an unnecessary heat exchange between the air
and the refrigerant in the interior evaporator can be sup-
pressed. Thus, the energy of the vehicle air conditioner can
be effectively prevented from being wasted.
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1
AIR CONDITIONER FOR VEHICLE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. National Phase Application
under 35 U.S.C. 371 of International Application No. PCT/
JP2012/007837 filed on Dec. 7, 2012 and published in
Japanese as W0O/2013/084502 Al on Jun. 13, 2013. This
application is based on Japanese Patent Applications No.
2011-270129 filed on Dec. 9, 2011. The disclosures of all of
the above applications are incorporated herein by reference.

FIELD OF THE INVENTION

The present disclosure relates to a vehicle air conditioner
for cooling air to be blown into a vehicle interior in a vapor
compression refrigeration cycle.

BACKGROUND ART

Patent Document 1 conventionally discloses a vehicle air
conditioner including an evaporator of a refrigeration cycle,
serving as a heat exchanger for cooling air to be blown into
an interior of a vehicle. The vehicle air conditioner is
adapted to suppress the generation of bad odor from the air
at the evaporator.

The reason for generation of such bad odor is that material
causing the bad odor is attached to an outer surface of the
evaporator when the air is cooled down to the dew-point
temperature or less and condensed by the evaporator. The
bad odor of the air is known to become stronger especially
when the outer surface of the evaporator with the material
causing the bad odor is dried or gets wet.

The vehicle air conditioner disclosed in Patent Document
1 controls a refrigerant discharge capacity of a compressor
of the refrigeration cycle such that a refrigerant evaporation
temperature at the evaporator is higher or lower only by a
predetermined temperature than the dew-point temperature
of'the air flowing into the evaporator. Thus, the outer surface
of the evaporator can be prevented from being repeatedly
dried and getting wet to thereby suppress the generation of
the bad odor from the air.

PRIOR ART LIST
Patent Document
Patent Document 1: WO/00/07836

SUMMARY OF INVENTION

For example, when dehumidifying and heating the vehicle
interior using the vehicle air conditioner disclosed in Patent
Document 1, the refrigerant evaporation temperature at the
evaporator can be set lower than the dew-point temperature
of the air flowing into the evaporator, and the air cooled by
the evaporator can be heated to a desired temperature by a
heater, such as a heater core.

The inventors of the present application, however, have
found through studies that a refrigerant evaporation tem-
perature at the evaporator cannot often be set lower than the
dew-point temperature of the air flowing into the evaporator.
For example, in the vehicle air conditioner, the refrigerant
evaporation temperature of the evaporator has a lower limit
temperature (for example, 1° C.) set so as to prevent the frost
formation of the evaporator. When the dew-point tempera-
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ture is decreased due to a decrease in temperature of air
flowing into the evaporator, the refrigerant evaporation
temperature at the evaporator cannot be lower than the
dew-point temperature of the air flowing into the evaporator.

When dehumidifying and heating the vehicle interior
using the vehicle air conditioner disclosed in Patent Docu-
ment 1, the air is often heated by the heater after being just
cooled by the evaporator. In this case, the refrigeration cycle
might be operated to waste the energy of the vehicle air
conditioner.

In view of the foregoing matters, it is an object of the
present disclosure to suppress waste of the energy in a
vehicle air conditioner in which air to be blown into a
vehicle interior is cooled by using a vapor compression
refrigeration cycle.

According to a first aspect of the present disclosure, a
vehicle air conditioner cools air to be blown into a vehicle
interior by using a refrigeration cycle with an evaporator for
evaporating refrigerant. The vehicle air conditioner includes
a refrigerant flow-rate control portion controlling a flow rate
of the refrigerant flowing into the evaporator, a dew-point
temperature detection portion detecting a dew-point tem-
perature of air flowing into the evaporator, and a determi-
nation portion determining whether the dew-point tempera-
ture detected by the dew-point temperature detection portion
is equal to or less than a predetermined reference threshold.
In the vehicle air conditioner, the refrigerant flow-rate con-
trol portion reduces the flow rate of the refrigerant flowing
into the evaporator, when the determination portion deter-
mines that the dew-point temperature detected by the dew-
point temperature detection portion is equal to or less than
the predetermined reference threshold.

Thus, when the dew-point temperature of the air flowing
into the evaporator is equal to or less than the predetermined
reference threshold, the flow rate of refrigerant flowing into
the evaporator can be decreased so as to suppress an
unnecessary heat exchange between the air and the refrig-
erant at the evaporator even when the air cannot be dehu-
midified by the evaporator. Therefore, the energy consumed
in the vehicle air conditioner can be effectively prevented
from being wasted. The term “decrease” of the flow rate of
refrigerant as used in the present disclosure includes setting
of the flow rate of refrigerant to zero.

According to a second aspect of the present disclosure, the
vehicle air conditioner may further include an evaporator
temperature determination portion determining a target
refrigerant-evaporation temperature at the evaporator. In this
case, the predetermined reference threshold is the target
refrigerant-evaporation temperature determined by the
evaporator temperature determination portion.

Thus, in a case where the refrigerant evaporation tem-
perature in the evaporator cannot be lower than the dew-
point temperature of the air flowing into the evaporator, the
flow rate of the refrigerant flowing into the evaporator can
be decreased, thereby effectively suppressing the unneces-
sary heat exchange between the air and the refrigerant in the
evaporator.

In a third aspect of the present disclosure, the evaporator
temperature determination portion may determine the target
refrigerant-evaporation temperature based on at least a
physical quantity in correlation to a dehumidification load of
the vehicle interior.

In this case, the target refrigerant-evaporation temperature
of the evaporator is determined according to the dehumidi-
fication load of the vehicle interior, so that the air blown into
the vehicle interior can be appropriately dehumidified at the
evaporator. The term “dehumidification load” as used herein
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means the amount of heat required for the evaporator of the
refrigeration cycle to generate in order to set the humidity of
the vehicle interior to a desired one or to prevent the window
fogging.

When the outside air temperature is decreased, for
example, the temperature of a front windowpane of the
vehicle is decreased, thereby easily causing the window
fogging. In order to prevent the window fogging, it is
necessary to decrease the refrigerant evaporation tempera-
ture of the evaporator. In other words, when the outside air
temperature is decreased, in order to prevent the window
fogging, it is necessary to increase the amount of heat
generated by the evaporator, thus increasing a dehumidifi-
cation load.

Thus, in a fourth aspect of the present disclosure, the
evaporator temperature determination portion may deter-
mine the target refrigerant-evaporation temperature such
that the target refrigerant-evaporation temperature is
decreased in accordance with a decrease of outside air
temperature. The term “outside air temperature” as used in
the present disclosure may mean one example of the “physi-
cal quantities in correlation to the dehumidification load of
the vehicle interior”.

The vehicle interior is likely to have a higher humidity
due to the influence of passenger’s breath or sweat. When
the ratio of the amount of the inside air to the outside air
introduced into the evaporator is increased, in order to obtain
the desired amount of dehumidification from the air at the
evaporator, it is necessary to decrease the refrigerant evapo-
ration temperature of the evaporator. In other words, when
the ratio of the introduced amount of the inside air to the
outside air into the evaporator is increased, the amount of
heat generated by the evaporator needs to be increased to
obtain the desired humidity of the vehicle interior, which
leads to an increase in dehumidification load.

Thus, in a fifth aspect of the present disclosure, the
evaporator temperature determination portion may deter-
mine the target refrigerant-evaporation temperature such
that the target refrigerant-evaporation temperature is
decreased according to an increase in ratio of introduction of
inside air to outside air introduced into the evaporator. The
term “ratio of introduction of inside air to outside air” may
be one example of the “physical quantities in correlation to
a dehumidification load of the vehicle interior”.

When the target refrigerant-evaporation temperature is set
to a level lower than 0° C., frost formation (frost) is likely
to be formed on the surface of the evaporator. The frost
formation might often interrupt the heat exchange between
the refrigerant and the air at the evaporator.

For example, in a sixth aspect of the present disclosure,
the evaporator temperature determination portion may deter-
mine the target refrigerant-evaporation temperature to be
equal to or more than 0° C.

Alternatively, according to a seventh aspect of the present
disclosure, the reference threshold may be a predetermined
fixed threshold.

According to an eighth aspect of the present disclosure,
the refrigeration cycle may include a bypass passage through
which the refrigerant flows while bypassing the evaporator,
and a refrigerant circuit switching portion switching
between a refrigerant circuit for circulating the refrigerant to
an evaporator side and another refrigerant circuit for circu-
lating the refrigerant to a bypass passage side. When the
dew-point temperature detected by the dew-point tempera-
ture detection portion is determined by the determination
portion to be equal to or less than a predetermined reference
threshold, the refrigerant flow-rate control portion may
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control an operation of the refrigerant circuit switching
portion so as to allow the refrigerant to flow to the bypass
passage.

In a ninth aspect of the present disclosure, the refrigera-
tion cycle further includes a compressor for compressing
and discharging the refrigerant. In this case, when the
dew-point temperature detected by the dew-point tempera-
ture detection portion is determined by the determination
portion to be equal to or less than the predetermined refer-
ence threshold, the refrigerant flow-rate control portion may
reduce the refrigerant discharge capacity of the compressor.

In a tenth aspect of the present disclosure, the vehicle air
conditioner may further include a heater heating air having
cooled and dehumidified by the evaporator.

In this case, the air dehumidified and cooled by the
evaporator can be heated by the heater so as to perform the
dehumidification heating operation of the vehicle interior.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an entire configuration diagram showing a
refrigerant circuit in a cooling operation mode and in a
dehumidification heating operation mode of a refrigeration
cycle according to a first embodiment of the present disclo-
sure.

FIG. 2 is an entire configuration diagram showing a
refrigerant circuit in a heating operation mode of the refrig-
eration cycle in the first embodiment.

FIG. 3 is a flowchart showing the flow of a control process
performed by an air conditioning controller in the first
embodiment.

FIG. 4 is a flowchart showing the flow of a part of the
control process performed by the air conditioning controller
in the first embodiment.

FIG. 5 is a control characteristic diagram defining the
relationship between an outside air temperature and a target
refrigerant-evaporation temperature in the first embodiment.

FIGS. 6(a) and 6(b) are explanatory diagrams for explain-
ing the possibility of dehumidification of air in an interior
evaporator.

FIG. 7 is a Mollier chart showing the state of refrigerant
in the cooling operation mode of the refrigeration cycle in
the first embodiment.

FIG. 8 is another Mollier chart showing the state of
refrigerant in a normal heating operation mode of the
refrigeration cycle in the first embodiment.

FIG. 9 is another Mollier chart showing the state of
refrigerant in a first dehumidification heating mode of the
refrigeration cycle in the first embodiment.

FIG. 10 is another Mollier chart showing the state of
refrigerant in a second dehumidification heating mode of the
refrigeration cycle in the first embodiment.

FIG. 11 is another Mollier chart showing the state of
refrigerant in a third dehumidification heating mode of the
refrigeration cycle in the first embodiment.

FIG. 12 is another Mollier chart showing the state of
refrigerant in a fourth dehumidification heating mode of the
refrigeration cycle in the first embodiment.

FIG. 13 is an entire configuration diagram of a vehicle air
conditioner according to a second embodiment of the pres-
ent disclosure.

FIG. 14 is a flowchart showing the flow of a part of the
control process performed by an air conditioning controller
according to a third embodiment of the present disclosure.

FIGS. 15(a) and 15(b) are diagrams showing control
characteristic diagrams defining the relationship between an
outside air temperature and a target refrigerant-evaporation
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temperature, and also defining the relationship between a
target air outlet temperature and a target refrigerant-evapo-
ration temperature according to other embodiments.

DESCRIPTION OF EMBODIMENTS

In the following, preferred embodiments of the present
disclosure will be described with reference to the accompa-
nying drawings. The same or equivalent parts in the embodi-
ments below are indicated by the same reference characters
throughout the figures.

First Embodiment

A first preferred embodiment of the present disclosure
will be described with reference to FIGS. 1 to 12. In this
embodiment, a vehicle air conditioner 1 of the present
disclosure is applied to an electric car that obtains a driving
force for traveling from an electric motor for traveling.

The vehicle air conditioner 1 includes a vapor compres-
sion refrigeration cycle (hereinafter simply referred to as a
“refrigeration cycle”) 10 for cooling or heating air to be
blown into a vehicle interior, an interior air conditioning unit
30, and an air conditioning controller 40, as main compo-
nents.

The refrigeration cycle 10 can perform switching between
a refrigerant circuit in a cooling operation mode for cooling
the vehicle interior by cooling the air or in a dehumidifica-
tion heating operation mode for heating and dehumiditying
the vehicle interior as shown in the entire configuration
diagram of FIG. 1, and another refrigerant circuit in a
heating operation mode for heating the vehicle interior by
heating the air as shown in the entire configuration diagram
of FIG. 2.

The refrigeration cycle 10 of this embodiment employs a
normal fluorocarbon refrigerant as the refrigerant, and forms
a subcritical refrigeration cycle in which high-pressure side
refrigerant pressure does not exceed the critical pressure of
the refrigerant. Refrigerating machine oil for allowing the
refrigerant to circulate through a compressor 11 is mixed
into the refrigerant as will be described later, and a part of
the refrigerating machine oil circulates through the cycle
together with the refrigerant.

The compressor 11 among the components of the refrig-
eration cycle 10 is positioned within a bonnet of the vehicle,
and is to suck, compress, and discharge the refrigerant in the
refrigeration cycle 10. The compressor 11 is an electric
compressor which drives a fixed displacement compression
mechanism having a fixed discharge capacity by use of an
electric motor. Specifically, various types of compression
mechanisms, such as a scroll type compression mechanism,
a vane compression mechanism, or a rolling piston com-
pression mechanism, can be employed as the compression
mechanism of the compressor 11.

The electric motor has its operation (number of revolu-
tions) controlled by being supplied with power from an
inverter 51 included in a motor driving portion. The inverter
51 controls the supply of power from a battery 52 for the
electric motor in response to a control signal from the air
conditioning controller 40. The number of revolutions of the
electric motor is controlled by the inverter 51 to thereby
change a refrigerant discharge capacity of the compressor
11. Thus, in this embodiment, the inverter 51 serves as
discharge capacity changing means for the compressor 11.

The discharge port side of the compressor 11 is coupled
to an inlet side of an interior condenser 12. The interior
condenser 12 is disposed in a casing 31 of the interior air
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conditioning unit 30 to be described later. The interior
condenser 12 is a heater for heating the air having passed
through an interior evaporator 17 to be described later by
dissipating heat from the refrigerant (high-pressure refrig-
erant) discharged from the compressor 11.

The outlet side of the interior condenser 12 is coupled to
an inlet side of a first expansion valve 13. The first expansion
valve 13 is an electric variable throttle mechanism which
includes a valve body having variable throttle opening
degrees, and an electric actuator constructed of a stepping
motor for changing the throttle opening degree of the valve
body.

The first expansion valve 13 of this embodiment is
constructed of a variable throttle mechanism having a fully
opening function of fully opening a refrigerant passage at
the fully-opened throttle opening degree. That is, the first
expansion valve 13 can be controlled not to exhibit the effect
of decompressing the refrigerant. The first expansion valve
13 has its operation controlled by a control signal output
from the air conditioning controller 40.

The refrigerant outlet side of the first expansion valve 13
is coupled to the refrigerant inlet side of an exterior heat
exchanger 14. The exterior heat exchanger 14 is made to
exchange heat between the refrigerant flowing there through
and outside air blown from a blower fan 15. The exterior
heat exchanger 14 serves as an evaporator for evaporating
the refrigerant to exhibit a heat absorption effect in the
heating operation mode, and also as a heat radiator for
dissipating heat from the refrigerant in the cooling operation
mode, as will be described later.

The refrigerant outlet side of the exterior heat exchanger
14 is coupled to the refrigerant inlet side of a second
expansion valve 16. The second expansion valve 16 is an
electric variable throttle mechanism which includes a valve
body having variable throttle opening degrees, and an elec-
tric actuator constructed of a stepping motor for changing
the throttle opening degree of the valve body.

The second expansion valve 16 of this embodiment is
constructed of a variable throttle mechanism having a full
opening function of fully opening a refrigerant passage at
the fully-opened throttle opening, and a fully closing func-
tion of fully closing the refrigerant passage at the fully-
closed throttle opening. That is, the second expansion valve
16 can also be controlled not to exhibit the effect of
decompressing the refrigerant, like the first expansion valve
13. The second expansion valve 16 has its operation con-
trolled by a control signal output from the air conditioning
controller 40.

The refrigerant outlet side of the second expansion valve
16 is coupled to the refrigerant inlet side of the interior
evaporator 17. The interior evaporator 17 is disposed on the
upstream side of air flow of the interior condenser 12 within
the casing 31 of the interior air conditioning unit 30. The
interior evaporator 17 is an evaporator for cooling and
dehumidifying the air before passing through the interior
condenser 12 by evaporating the refrigerant passing through
the evaporator to exhibit the heat absorption effect in the
cooling operation mode and in the dehumidification heating
operation mode.

The refrigerant outlet side of the interior evaporator 17 is
coupled to a refrigerant inlet side of an accumulator 18. The
accumulator 18 is a gas-liquid separator that separates the
refrigerant flowing therein into liquid and gas phases to store
therein the excessive refrigerant within the cycle. A vapor-
phase refrigerant outlet of the accumulator 18 is coupled to
a suction port side of the compressor 11. Thus, the accu-
mulator 18 serves to suppress the suction of the liquid-phase
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refrigerant into the compressor 11 to thereby prevent the
liquid compression at the compressor 11.

The refrigerant outlet side of the exterior heat exchanger
14 is coupled to a bypass passage 19 for allowing the
refrigerant flowing from the exterior heat exchanger 14 to be
guided to the refrigerant inlet of the accumulator 18 while
bypassing the second expansion valve 16 and the interior
evaporator 17.

The bypass passage 19 is provided with a bypass passage
opening/closing valve 20 for opening and closing the bypass
passage 19. The bypass passage opening/closing valve 20 is
an electromagnetic valve for opening and closing the bypass
passage 19, and has its operation controlled by a control
signal output from the air conditioning controller 40.

When the bypass passage opening/closing valve 20 is
opened and the second expansion valve 16 is closed, the
refrigerant flowing from the exterior heat exchanger 14
flows into the accumulator 18 via the bypass passage 19. In
contrast, when the bypass passage opening/closing valve 20
is closed and the second expansion valve 16 is opened, the
refrigerant flowing from the exterior heat exchanger 14
flows into the interior evaporator 17 via the second expan-
sion valve 16. Thus, the bypass passage opening/closing
valve 20 and the second expansion valve 16 of this embodi-
ment serve as a refrigerant circuit switching portion for
switching between a refrigerant circuit for flowing the
refrigerant to the interior evaporator side, and another refrig-
erant circuit for flowing the refrigerant to the bypass passage
side.

The interior air conditioning unit 30 will be described
below. The interior air conditioning unit 30 is disposed
inside a gauge board (instrument panel) at the forefront of a
vehicle compartment. The air conditioning portion 30
accommodates in the casing 31 forming an outer envelope,
a blower 32, the above-mentioned interior condenser 12, the
interior evaporator 17, and the like.

The casing 31 forms an air passage for a flow of the air.
The casing 31 is formed of resin (for example, polypropyl-
ene) having some degree of elasticity, and excellent strength.
An inside/outside air switch 33 for switching between the air
(inside air) in the vehicle interior and the outside air is
disposed on the most upstream side of the air flow in the
casing 31.

The inside/outside air switch 33 has an inside air intro-
duction port for introducing inside air into the casing 31, and
an outside air introduction port for introducing outside air
into the casing 31. An inside/outside air switching door is
positioned inside the inside/outside air switch 33 to continu-
ously adjust the opening areas of the inside air introduction
port and the outside air introduction port to thereby change
the ratio of the introduced amount of the inside air to the
outside air.

On the downstream side of air flow of the inside/outside
air switch 33, the blower 32 is provided for blowing air
introduced via the inside/outside air switch 33 toward the
vehicle interior. The blower 32 is an electric blower that
drives a centrifugal multi-blade fan (Sirocco fan) 32a by an
electric motor 32b. The blower 32 has the number of
revolutions (i.e., air blowing volume) controlled by a control
signal (control voltage) output from the air conditioning
controller 40 to be described later. The blower 32 serves as
blowing means for blowing air to the vehicle interior.

The interior evaporator 17 and the interior condenser 12
are disposed on the downstream side of the air flow of the
blower 32 in that order with respect to the flow of the air. In
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other words, the interior evaporator 17 is disposed on the
upstream side in the flow direction of the air with respect to
the interior condenser 12.

A cool air bypass passage 35 is provided in the casing 31
for allowing the air having passed through the interior
evaporator 17 to flow while bypassing the interior condenser
12. An air mix door 34 is disposed on the downstream side
of the air flow in the interior evaporator 17 and on the
upstream side of the air flow in the interior condenser 12.
The air mix door 34 adjusts the ratio of the volume of the air
passing through the interior condenser 12 to that of the air
passing through the cool air bypass passage 35 among the air
having passed through the interior evaporator 17. A mixing
space is provided on the downstream side of the air flow in
the interior condenser 12 and on the downstream side of the
air flow in the cool air bypass passage 35 so as to mix the
air passing through the interior condenser 12 with the air
passing through the cool air bypass passage 35.

Air outlets 37a to 37¢ for blowing the conditioned air
mixed and conditioned in the mixing space, into the vehicle
interior as a space to be conditioned are disposed on the most
downstream side of the air flow in the casing 31. Specifi-
cally, the air outlets include a face air outlet 37a for blowing
the conditioned air toward the upper body of a passenger in
the vehicle compartment, a foot air outlet 375 for blowing
the conditioned air toward the foot of the passenger, and a
defroster air outlet 37¢ for blowing the conditioned air
toward the inner side of a front windowpane of the vehicle.

Thus, the air mix door 34 adjusts the ratio of the volume
of air passing through the interior condenser 12 to that of air
passing through the cool air bypass passage 35 to thereby
adjust the temperature of conditioned air mixed in the
mixing space, thus controlling the temperature of the con-
ditioned air blown from each air outlet. The air mix door 34
is driven by a servo motor (not shown) which is operated by
a control signal output from the air conditioning controller
40.

A face door 38a for adjusting an opening area of the face
air outlet 37a is positioned on the upstream side of the air
flow of the face air outlet 37a. A foot door 385 for adjusting
an opening area of the foot air outlet 375 is positioned on the
upstream side of the air flow of the foot air outlet 375. A
defroster door 38¢ for adjusting an opening area of the
defroster air outlet 37¢ is positioned on the upstream side of
the air flow of the defroster air outlet 37c.

The face door 38a, the foot door 386, and the defroster
door 38¢ serve as an air outlet mode switching portion for
switching among air outlet modes, and are driven via a link
mechanism or the like by a servo motor (not shown) whose
operation is controlled by a control signal output from the air
conditioning controller 40 to be described later.

Next, an electric controller of this embodiment will be
described below. The air conditioning controller 40 includes
the well-known microcomputer, including a CPU, a ROM,
and a RAM, and a peripheral circuit thereof. The air con-
ditioning controller 40 performs various kinds of computa-
tions and processing based on control programs stored in the
ROM to control the operations of various control devices
connected to the output side.

A group of various sensors 41 for control of air condi-
tioning is coupled to the input side of the air conditioning
controller 40. The sensors include an inside air sensor for
detecting an air temperature (inside air temperature) Tr
inside of the vehicle, an outside air sensor for detecting an
air temperature (outside air temperature) Tam outside of the
vehicle, a solar radiation sensor for detecting an amount of
solar radiation Ts in the vehicle interior, and an evaporator



US 10,166,838 B2

9

temperature sensor for detecting a temperature of blown air
(refrigerant evaporation temperature) from the interior
evaporator 17. The sensors also include a discharge tem-
perature sensor for detecting the temperature of refrigerant
discharged from the compressor 11, and a blown air tem-
perature sensor for detecting the temperature of the air
blown into the vehicle interior.

The input side of the air conditioning controller 40 of this
embodiment is coupled to a temperature and humidity
sensor 42 for detecting the dew-point temperature Tdew of
air flowing into the interior evaporator 17. The temperature
and humidity sensor 42 is constructed of a temperature
sensor and a humidity sensor for respectively detecting the
temperature and humidity of the air flowing into the interior
evaporator 17.

An operation panel (not shown) is disposed near an
instrument board at the front of the vehicle compartment,
and coupled to the input side of the air conditioning con-
troller 40. Operation signals are input from various types of
operation switches provided on the operation panel. The
various operation switches provided on the operation panel
include, specifically, an A/C switch (air conditioner switch)
for setting the possibility of cooling the air in the interior air
conditioning unit 30, and a temperature setting switch for
setting a preset temperature Tset of the vehicle interior.

The air conditioning controller 40 is integrally formed
with control portions for controlling the operations of vari-
ous control devices connected to the output side of the
controller. The structure (software and hardware) for con-
trolling the operation of each control device serves as the
control portion for controlling the operation of each control
component.

For example, the structure for controlling the electric
motor of the compressor 11 and the inverter 51 serves as a
discharge capacity control portion. The structure for con-
trolling the first expansion valve 13 serves as a first throttle
control portion. The structure for controlling the second
expansion valve 16 and the bypass passage opening/closing
valve 20 serves as a refrigerant circuit switching control
portion. The structure of each of the discharge capacity
control portion and refrigerant circuit switching control
portion in the air conditioning controller 40 serves as a
refrigerant flow-rate control portion 40a for controlling the
flow rate of refrigerant flowing into the interior evaporator
17. The structure for calculating the dew-point temperature
Tdew (dew-point temperature calculator) using a detection
signal from the temperature and humidity sensor 42 in the air
conditioning controller 40 serves as a dew-point temperature
detection portion 405 together with the temperature and
humidity sensor 42.

Next, the operation of the vehicle air conditioner 1 with
the above arrangement in this embodiment will be described
with reference to FIGS. 3 to 12. FIG. 3 is a flowchart
showing the flow of a control process (main routine) per-
formed by the air conditioning controller 40 in this embodi-
ment. The control process is performed in a predetermined
control cycle once the operation switch of the vehicle air
conditioner 1 is turned on. Each control step in the respec-
tive flowcharts serves as each of various functional compo-
nents included in the air conditioning controller 40.

In step S1, first, it is determined whether or not the vehicle
air conditioner is started up. When the vehicle air condi-
tioner is determined to be started up (if YES in step S1), the
operation proceeds to step S2. When the vehicle air condi-
tioner is determined not to be started up (if NO in step S1),
the operation skips the process in step S2, and proceeds to
step S3.
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In step S2, initializing processes (initialization processes),
including initializing of various types of flags, a timer, and
initial positioning of the above various types of electric
actuators, are performed, and then the operation proceeds to
step S3.

In step S3, a signal indicative of an environmental state of
the vehicle used for air conditioning control, and an opera-
tion signal of the operation panel switch are read in, and then
the operation proceeds to step S4. In step S3, detection
signals from the above-mentioned sensor group 41 for the
air conditioning control and the temperature and humidity
sensor 42 are read as the vehicle environmental state signal.
And, an operation mode selected based on the preset tem-
perature Tset of the vehicle interior set by the inside air
temperature setting switch, and an On/Off state of the A/C
switch are read as the operation signal of the operation
panel.

Subsequently, in step S4, a target air outlet temperature
TAO of the air blown into the vehicle interior via various air
outlets 37a to 37c¢ is calculated, and then the operation
proceeds to step S5. The target air outlet temperature TAO
of this embodiment is calculated using the preset tempera-
ture Tset of the vehicle interior, an inside air temperature Tr
detected by the inside air sensor, an outside air temperature
Tam detected by the outside air sensor, and a solar radiation
amount Ts detected by the solar radiation sensor.

In step S5, a blowing capacity (air blowing volume) of the
blower 32 is determined, and then the operation proceeds to
step S6. Specifically, in step S5, a blower motor voltage to
be applied to the electric motor and corresponding to the
volume of air from the blower 32 is determined with
reference to the control map (control characteristics) pre-
stored in the air conditioning controller 40 based on the
target air outlet temperature TAO calculated in step S4.

More specifically, in this embodiment, the blower motor
voltage is set to a high level close to the maximum in an
ultra-low temperature range and an ultra-high temperature
range of the target air outlet temperature TAO, whereby the
volume of air from the blower 32 is controlled to be at about
the maximum level. As the target air outlet temperature TAO
is increased from the ultra-low temperature range to an
intermediate temperature range, the blower motor voltage is
decreased with increasing target air outlet temperature TAO
to thereby decrease the volume of the air from the blower 32.

As the target air outlet temperature TAO is decreased from
the ultra-high temperature range to the intermediate tem-
perature range, the blower motor voltage is decreased with
decreasing target air outlet temperature TAO to thereby
decrease the volume of air from the blower 32. When the
target air outlet temperature TAO enters a predetermined
intermediate temperature range, the blower motor voltage is
minimized to thereby minimize the volume of air from the
blower 32.

Subsequently, in step S6, an air outlet mode is determined,
and then the operation proceeds to step S7. In step S6, the
air outlet mode is determined based on the target air outlet
temperature TAO with reference to the control map (control
characteristics) pre-stored in the air conditioning controller
40. In this embodiment, as the TAO is increased from the
low temperature range to the high temperature range, the air
outlet mode is switched from a face mode to a bi-level mode
and a foot mode in that order.

In step S7, an air inlet mode, that is, the switching state
of the inside/outside air switch 33 is determined, and then
the operation proceeds to step S8. In step S7, the air inlet
mode is determined based on the target air outlet tempera-



US 10,166,838 B2

11

ture TAO with reference to the control map (control char-
acteristics) pre-stored in the air conditioning controller 40.

In this embodiment, an outside air introduction mode FRS
for introducing air (outside air) outside of the vehicle
compartment is preferentially selected. For example, when
the target air outlet temperature TAO is in the ultra-low
temperature range or the like, the outside air introduction
mode is switched to an inside/outside air introduction mode
R/F for respectively introducing the outside air and inside
air, and an inside air circulation mode REC for introducing
the inside air, in that order. The process in step S7 of this
embodiment can be regarded as a process for determining
the ratio of the introduction amount of the inside air to the
outside air into the interior evaporator 17.

In step S8, an operation mode is determined based on the
target air outlet temperature TAO and an operation signal
(on/off state) of the A/C switch. For example, when the
target air outlet temperature TAO is equal to or less than a
predetermined temperature, and the A/C switch is turned on,
the operation proceeds to step S9, in which a control process
for the cooling operation mode is performed. The control
process for the cooling operation mode will be described
later.

In contrast, when the heating operation mode is selected,
the operation proceeds to step S10, in which a control
process for the heating operation mode is performed. The
control process for the heating operation mode involves
determining either the dehumidification heating operation
mode (heating operation mode with the dehumidification
process) for dehumidifying the air by the interior evaporator
17, or the normal heating operation mode (heating operation
mode without the dehumidification process) without per-
forming the dehumidification process of the air by the
interior evaporator 17, and then performing the control
process for the determined operation mode. In the normal
heating operation mode (heating operation mode without the
dehumidification process) of this embodiment, the bypass
passage opening/closing valve 20 of the refrigeration cycle
10 is opened and the second expansion valve 16 is closed to
perform switching to a refrigerant circuit not allowing the
refrigerant to flow into the interior evaporator 17.

The control process for determining either the dehumidi-
fication heating operation mode or the normal heating opera-
tion mode without dehumidifying the air in step S10 will be
described below with reference to FIG. 4. FIG. 4 is a
flowchart showing the flow of a part (sub-routine) of the
control process performed by the air conditioning controller
40 in this embodiment.

In step S100, first, the dew-point temperature Tdew of the
air flowing into the interior evaporator 17 is calculated using
a detection signal from the temperature and humidity sensor
42 read in step S3, that is, using the temperature and
humidity of the air flowing into the interior evaporator 17,
and then the operation proceeds to step S110.

In step S110, it is determined whether or not the A/C
switch is turned on based on the operation signal of the
operation panel read in step S3. As a result, when the A/C
switch is determined to be turned on (if YES in step S110),
the operation proceeds to step S120, in which a target
refrigerant-evaporation temperature TEO of the interior
evaporator 17 is determined, and then the operation pro-
ceeds to step S130.

When the outside air temperature Tam is decreased, a
window of the vehicle, such as a front windowpane, is likely
to be easily fogged. In order to prevent the fogging of the
window, it is necessary to decrease the refrigerant evapora-
tion temperature of the interior evaporator 17. In this case,
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the amount of heat generated in the interior evaporator 17 is
increased, which leads to an increase in dehumidification
load.

Thus, in step S120, the target refrigerant-evaporation
temperature TEO in the heating operation mode is deter-
mined with reference to the control map (control character-
istics) pre-stored in the air conditioning controller 40 based
on the detection signal (outside air temperature) from the
outside air sensor read in step S3. Basically, in this embodi-
ment, the target refrigerant-evaporation temperature TEO is
determined to be decreased with decreasing outside air
temperature. In this embodiment, the process of step S120
performed by the air conditioning controller 40 serves as an
evaporator temperature determination portion for determin-
ing the target refrigerant-evaporation temperature TEO.

FIG. 5 is a control characteristic diagram defining the
relationship between the outside air temperature Tam and the
target refrigerant-evaporation temperature TEO in this
embodiment. As shown in FIG. 5, in this embodiment, when
the outside air temperature Tam is decreased to a predeter-
mined reference outside air temperature or less, that is, from
the intermediate temperature range to the low temperature
range, the target refrigerant-evaporation temperature TEO is
determined to be decreased according to a decrease in
outside air temperature Tam. When the outside air tempera-
ture Tam is in the ultra-low temperature range, in order to
prevent the frost formation of the interior evaporator 17, the
target refrigerant-evaporation temperature TEO is deter-
mined to be the minimum temperature o (1° C. in this
embodiment) which is set at a frost formation temperature
(0° C.) or more.

In contrast, in this embodiment, when the outside air
temperature Tam is higher than the reference outside air
temperature, the target refrigerant-evaporation temperature
TEO is determined to be maximum in the intermediate
temperature range. When the outside air temperature is
increased from the intermediate temperature range to the
high temperature range, the target refrigerant-evaporation
temperature TEO is determined to be decreased according to
an increase in outside air temperature Tam. When selecting
the heating operation mode, the outside air temperature Tam
is low in many cases. Basically, in the heating operation
mode, the outside air temperature Tam in the control map of
FIG. 5 is referred to the range of the reference outside air
temperature or less.

Subsequently, in step S130, the possibility of dehumidi-
fication of the air by the interior evaporator 17 is determined
based on the dew-point temperature Tdew calculated in step
S110 and the target refrigerant-evaporation temperature
TEO determined in step S120. Specifically, in step S130, it
is determined whether the dew-point temperature Tdew is
higher than the target refrigerant-evaporation temperature
TEO as a reference threshold. In this embodiment, the
process in step S130 performed by the air conditioning
controller 40 serves as a determination portion for deter-
mining whether or not the dew-point temperature Tdew of
the air flowing into the interior evaporator 17 is equal to or
less than the reference threshold.

FIGS. 6(a) and 6(b) are an explanatory diagram for
explaining the possibility of dehumidification of air in the
interior evaporator 17. When the dew-point temperature
Tdew is higher than the target refrigerant-evaporation tem-
perature TEO, as shown in FIG. 6(a), the air flowing into the
interior evaporator 17 is dehumidified and cooled close to
the target refrigerant-evaporation temperature TEO which is
not higher than the dew-point temperature Tdew, and then
heated to a desired temperature by the interior condenser 12.
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Referring to FIGS. 6(a), 6(b), the reference character
TE(AIR) means the temperature of air on an inlet side of the
interior evaporator 17.

When the dew-point temperature Tdew is equal to or
lower than the target refrigerant-evaporation temperature
TEQO, as shown in FIG. 6(5), the air flowing into the interior
evaporator 17 is cooled close to the target refrigerant-
evaporation temperature TEO which is higher than the
dew-point temperature Tdew, and then heated to a desired
temperature by the interior condenser 12. That is, when the
dew-point temperature Tdew is equal to or less than the
target refrigerant-evaporation temperature TEO, the air can-
not be dehumidified by the interior evaporator 17, and is
simply cooled by the interior evaporator 17, which might
waste the energy of the vehicle air conditioner 1.

Thus, when the dew-point temperature Tdew is deter-
mined to be higher than the target refrigerant-evaporation
temperature TEO in step S130 (if YES in step S130), the
operation proceeds to step S140, in which the control
process for the dehumidification heating operation mode
(heating operation mode with the dehumidification) is per-
formed. The control process for the dehumidification heat-
ing operation mode will be described in detail later.

When the dew-point temperature Tdew is determined to
be equal to or less than the target refrigerant-evaporation
temperature TEO in step S130 (if NO in step S130), the
operation proceeds to step S150, in which the control
process for the normal heating operation mode (heating
operation mode without the dehumidification) is performed.

When the A/C switch is determined to be turned off in step
S110 (if NO in step S110), the operation proceeds to step
S150, in which the control process for the normal heating
operation mode not allowing the refrigerant to flow into the
interior evaporator 17 (heating operation mode without the
dehumidification) is performed.

Returning to FIG. 3, after the operation mode is deter-
mined in steps S9 and S10, the operation proceeds to step
S11, in which the control signal and control voltage are
output to various control devices connected to the output
side of the air conditioning controller 40 so as to obtain the
control state determined in the above steps S5 to S10.

As mentioned above, the main routine shown in FIG. 3
involves reading various signals, calculating the target air
outlet temperature TAO, determining the control states of
various control devices, and outputting the control signal
and voltage to the respective control devices, in that order.

Next, the processes in the respective operation modes
performed in steps S9, S140, and S150 will be described in
detail.

(A) Cooling Operation Mode

First, the cooling operation mode performed in step S9
shown in FIG. 3 will be described below with reference to
FIG. 7. FIG. 7 is a Mollier chart showing the state of
refrigerant in the cooling operation mode of the refrigeration
cycle 10 in this embodiment.

In the cooling operation mode, the air conditioning con-
troller 40 closes the bypass passage opening/closing valve
20, while fully opening the first expansion valve 13, and
brings the second expansion valve 16 into the throttle state
exhibiting a decompression effect.

Thus, when the control signal and control voltage are
output to the respective control devices in step S11 of FIG.
3, the refrigeration cycle 10 performs switching to the
refrigerant circuit for flowing the refrigerant as indicated by
the thick arrow of FIG. 1. With the above arrangement of the
refrigerant circuit, the operating states of the respective air
conditioning control devices of interest connected to the
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output side of the air conditioning controller 40 are deter-
mined based on the target air outlet temperature TAO
calculated in step S4 of FIG. 3 and the detection signal from
the sensor group 41.

For example, the refrigerant discharge capacity of the
compressor 11, that is, the control signal to be output to the
inverter 51 for controlling the electric motor of the com-
pressor 11 are determined in the following way. First, the
target refrigerant-evaporation temperature TEO of the inte-
rior evaporator 17 is determined based on the target air outlet
temperature TAO with reference to the control map pre-
stored in the air conditioning controller 40. The target
refrigerant-evaporation temperature TEO is determined to
be a predetermined temperature (1° C. in this embodiment)
or more which is higher than the frost formation temperature
(0° C.) in order to prevent the frost formation at the interior
evaporator 17.

Then, a refrigerant discharge capacity of the compressor
11 is determined based on a deviation between the target
refrigerant-evaporation temperature TEO and the refrigerant
evaporation temperature of the interior evaporator 17
detected by the evaporator temperature sensor such that the
evaporation temperature of the refrigerant from the interior
evaporator 17 approaches the target refrigerant-evaporation
temperature TEO by a feedback control method.

The control signal to be output to the second expansion
valve 16 is determined such that the super-cooling degree of
the refrigerant flowing into the second expansion valve 16
approaches a target super-cooling degree previously deter-
mined so as to bring a COP substantially closer to the
maximum value. The control signal to be output to the servo
motor of the air mix door 34 is determined such that the air
mix door 34 closes an air passage of the interior condenser
12, and that the whole volume of air having passed through
the interior evaporator 17 can pass through the cool air
bypass passage 35.

Thus, as shown in the Mollier chart shown in FIG. 7, in
the refrigeration cycle 10 in the cooling operation mode, the
high-pressure refrigerant discharged from the compressor 11
(as indicated by a point “al” in FIG. 7) flows into the interior
condenser 12. At this time, the air mix door 34 closes an air
passage of the interior condenser 12, so that the refrigerant
entering the interior condenser 12 flows from the interior
condenser 12 without exchanging heat with the air.

The refrigerant flowing from the interior condenser 12
flows into the first expansion valve 13. At this time, the first
expansion valve 13 is fully opened, so that the refrigerant
flowing from the interior condenser 12 flows into the exte-
rior heat exchanger 14 without being decompressed by the
first expansion valve 13. The refrigerant flowing into the
exterior heat exchanger 14 dissipates heat into the outside air
blown from the blower fan 15 at the exterior heat exchanger
14 (from the point “al” to a point “a2” in FIG. 7).

The refrigerant flowing from the exterior heat exchanger
14 flows into the second expansion valve 16, and is decom-
pressed and expanded by the second expansion valve 16 into
a low-pressure refrigerant (from the point “a2” to a point “a3
in FIG. 7). The low-pressure refrigerant decompressed by
the second expansion valve 16 flows into the interior evapo-
rator 17, and absorbs heat from the air blown from the
blower 32 to evaporate itself. Thus, the air is cooled (from
the point “a3” to a point “a4” in FIG. 7).

The refrigerant flowing from the interior evaporator 17
flows into the accumulator 18, and is then separated into
liquid and gas phases by the accumulator 18. The gas-phase
refrigerant separated into by the accumulator 18 is sucked
into the suction side of the compressor 11 (at a point “a5” of
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FIG. 7) and compressed by the compressor 11 again (from
the point “a5” to the point “al” of FIG. 7). The liquid-phase
refrigerant separated into by the accumulator 18 is stored in
the accumulator 18 as an excessive refrigerant not required
for the cycle to exhibit the refrigeration capacity.

The reason for a difference between the point “a4” and the
point “a5” in FIG. 7 is that the gas-phase refrigerant flowing
through a refrigerant pipe leading from the accumulator 18
to the suction side of the compressor 11 has a loss of
pressure. Thus, in an ideal cycle, the point “ad” is desirably
identical to the point “a5”. The same goes for the Mollier
chart below.

As mentioned above, in the cooling operation mode, an
air passage of the interior condenser 12 is closed by the air
mix door 34, so that the air cooled by the interior evaporator
17 can be blown into the vehicle interior. Thus, the cooling
of the vehicle interior can be achieved.

(B) Normal Heating Operation Mode (Heating Operation
without Dehumidification)

Next, the normal heating operation mode performed in
step S150 will be described below with reference to FIG. 8.
FIG. 8 is a Mollier chart showing the state of refrigerant in
the normal heating operation mode of the refrigeration cycle
10 in this embodiment.

In the normal heating operation mode, the air condition-
ing controller 40 opens the bypass passage opening/closing
valve 20, while bringing the first expansion valve 13 into the
throttle state exhibiting a decompression effect, and closes
the second expansion valve 16.

Thus, when the control signal and control voltage are
output to the respective control devices in step S11 of FIG.
3, the refrigeration cycle 10 performs switching to the
refrigerant circuit for flowing the refrigerant as indicated by
the thick arrow of FIG. 2. With the above arrangement of the
refrigerant circuit, the operating states of the respective air
conditioning control devices connected to the output side of
the air conditioning controller 40 are determined based on
the target air outlet temperature TAO calculated in step S4
of FIG. 3 and the detection signal from the sensor group 41.

For example, the refrigerant discharge capacity of the
compressor 11 is determined in the following way. First, a
target condenser temperature TCO of the interior condenser
12 is determined based on the target air outlet temperature
TAO with reference to the control map pre-stored in the air
conditioning controller 40.

Then, the refrigerant discharge capacity of the compressor
11 is determined such that the temperature of air passing
through the interior condenser 12 approaches the target air
outlet temperature TAO using the feedback control method
based on the deviation between the target condenser tem-
perature TCO and the detection value from the discharge
temperature sensor.

The control signal output to the first expansion valve 13
is determined such that the super-cooling degree of the
refrigerant flowing into the first expansion valve 13
approaches a target super-cooling degree previously deter-
mined so as to bring a COP closer to the maximum value.

The control signal output to the servo motor of the air mix
door 34 is determined such that the air mix door 34 closes
the cool air bypass passage 35, and that the whole volume
of air having passed through the interior evaporator 17 can
pass through the air passage of the interior condenser 12.

Thus, in the normal heating operation mode of the refrig-
eration cycle 10, the high-pressure refrigerant discharged
from the compressor 11 (as indicated by a point “b1” in FIG.
8) flows into the interior condenser 12. The refrigerant
flowing into the interior condenser 12 exchanges heat with
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the air blown from the blower 32 and passing through the
interior evaporator 17 to thereby dissipate heat therefrom
(from the point “b1” to a point “b2” in FIG. 8). Thus, the air
is heated.

The refrigerant flowing from the interior condenser 12
flows into the first expansion valve 13, and then decom-
pressed and expanded by the first expansion valve 13 into a
low-pressure refrigerant (from the point “b2” to a point “b3”
in FIG. 8). The low-pressure refrigerant decompressed by
the first expansion valve 13 flows into the exterior heat
exchanger 14, and absorbs heat from the outside air blown
from the blower fan 15 (from the point “b3” to a point “b4”
in FIG. 8). The refrigerant flowing from the exterior heat
exchanger 14 flows into the accumulator 18 via the bypass
passage 19 to be separated into liquid and gas phases. The
gas-phase refrigerant separated into by the accumulator 18 is
sucked into the suction side of the compressor 11 (at a point
“b5” of FIG. 8) and compressed by the compressor 11 again.

As mentioned above, in the heating operation mode, the
heat contained in the high-pressure refrigerant discharged
from the compressor 11 is dissipated into the air in the
interior condenser 12, so that the heated air can be blown
into the vehicle interior. Thus, the heating of the vehicle
interior can be performed. In the normal heating operation
mode, the bypass passage opening/closing valve 20 is
opened and the second expansion valve 16 is completely
closed, which does not allow the refrigerant to flow into the
interior evaporator 17. Thus, the air blown from the blower
32 flows into the interior condenser 12 without being cooled
by the interior evaporator 17.

(C) Dehumidification Heating Operation Mode (Heating
Operation with Dehumidification)

Next, the dehumidification heating operation mode per-
formed in step S140 will be described below with reference
to FIGS. 8 to 11. In the dehumidification heating operation
mode, the air conditioning controller 40 closes the bypass
passage opening/closing valve 20, while bringing the first
and second expansion valves 13 and 16 into the throttle
state, or fully opened state. Thus, the refrigeration cycle 10
performs switching to the refrigerant circuit in which the
refrigerant flows as indicated by the thick arrow of FIG. 1,
like in the cooling operation mode. In the dehumidification
heating operation mode, the exterior heat exchanger 14 and
the interior evaporator 17 are connected in series with
respect to the refrigerant flow.

With the above arrangement of the refrigerant circuit, the
air conditioning controller 40 determines the operating state
of various air conditioning control devices (control signal
output to the various air conditioning control devices) con-
nected to the output side of the air conditioning controller 40
based on the target air outlet temperature TAO and detection
signals from the sensor group.

For example, the refrigerant discharge capacity of the
compressor 11 is determined in the following way. Then, a
refrigerant discharge capacity of the compressor 11 is deter-
mined based on a deviation between the target evaporator
outlet temperature TEO determined in step S120 of FIG. 4
and the refrigerant evaporation temperature of the interior
evaporator 17 detected by the evaporator temperature sensor
such that the refrigerant evaporation temperature of the
interior evaporator 17 approaches the target refrigerant-
evaporation temperature TEO by a feedback control method.

The control signal output to the servo motor of the air mix
door 34 is determined such that the air mix door 34 closes
the cool air bypass passage 35, and that the whole volume
of air having passed through the interior evaporator 17 can
pass through the air passage of the interior condenser 12.



US 10,166,838 B2

17

The first expansion valve 13 and the second expansion
valve 16 are changed according to the target air outlet
temperature TAO which is the target temperature of the air
blown into the vehicle interior. Specifically, the air condi-
tioning controller 40 increases a decrease in pressure of the
first expansion valve 13, while decreasing a decrease in
pressure of the second expansion valve 16 with increasing
target air outlet temperature TAO. Thus, in the dehumidifi-
cation heating operation mode of this embodiment, the first
to fourth dehumidification heating modes are performed in
fourth stages.

(C-1) First Dehumidification Heating Mode

First, a first dehumidification heating mode will be
described below using FIG. 9. FIG. 9 is another Mollier
chart showing the state of refrigerant in the first dehumidi-
fication heating mode of the refrigeration cycle 10 in this
embodiment.

In the first dehumidification heating mode, the first expan-
sion valve 13 is completely opened, and the second expan-
sion valve 16 is brought into the throttle state. Thus, the
cycle structure (refrigerant circuits) has the same refrigerant
circuit as that in the cooling operation mode, but the air mix
door 34 fully opens the air passage on the interior condenser
12 side, so that the state of the refrigerant circulating through
the cycle changes as indicated by the Mollier chart of FIG.
9.

That is, as shown in FIG. 9, the high-pressure refrigerant
(as indicated by a point “c1”) discharged from the compres-
sor 11 flows into the interior condenser 12 to exchange heat
with the air cooled and dehumidified by the interior evapo-
rator 17, thereby dissipating heat therefrom (from the point
“c1” to a point “c2” in FIG. 9). Thus, the air is heated.

The refrigerant flowing from the interior condenser 12
flows into the first expansion valve 13. At this time, the first
expansion valve 13 is fully opened, so that the refrigerant
flowing from the interior condenser 12 flows into the exte-
rior heat exchanger 14 without being decompressed by the
first expansion valve 13. The refrigerant flowing into the
exterior heat exchanger 14 dissipates heat at the exchanger
14 into the outside air blown from the blower fan 15 (from
the point “c2” to a point “c3” in FIG. 9).

The refrigerant flowing from the exterior heat exchanger
14 flows into the second expansion valve 16, and is decom-
pressed and expanded by the second expansion valve 16 into
a low-pressure refrigerant (from the point “c3” to a point
“c4” in FIG. 9). The low-pressure refrigerant decompressed
by the second expansion valve 16 flows into the interior
evaporator 17, and absorbs heat from the air blown from the
blower 32 to evaporate itself (from the point “c4” to a point
“c5” in FIG. 9). Thus, the air is dehumidified and cooled.
The refrigerant flowing from the interior evaporator 17 flows
from the accumulator 18 to the suction side of the compres-
sor 11 (at a point “c6” of FIG. 9), and then is compressed
again by the compressor 11, like in the cooling operation
mode (from the point “c6” to the point “c1” in FIG. 9).

As mentioned above, in the first dehumidification heating
mode, the air cooled and dehumidified by the interior
evaporator 17 can be heated by the interior condenser 12 to
be blown into the vehicle interior. Thus, the dehumidifica-
tion and heating of the vehicle interior can be achieved.
(C-2) Second Dehumidification Heating Mode

Subsequently, a second dehumidification heating mode
will be described below using FIG. 10. FIG. 10 is another
Mollier chart showing the state of refrigerant in the second
dehumidification heating mode of the refrigeration cycle 10
in this embodiment.
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The second dehumidification heating mode is performed
when the target air outlet temperature TAO is higher than a
first reference temperature, and equal to or less than a second
reference temperature previously determined. In the second
dehumidification heating mode, the first expansion valve 13
is brought into the throttle state, and the second expansion
valve 16 is also brought into the throttle state while a throttle
opening degree of the second expansion valve 16 is
increased as compared to that in the first dehumidification
heating mode. Thus, in the second dehumidification heating
mode, the state of the refrigerant circulating through the
cycle is changed as indicated by the Mollier chart of FIG. 10.

That is, as shown in FIG. 10, the high-pressure refrigerant
(as indicated by a point “d1”") discharged from the compres-
sor 11 flows into the interior condenser 12 to exchange heat
with the air cooled and dehumidified by the interior evapo-
rator 17, thereby dissipating heat therefrom (from the point
“d1” to a point “d2” in FIG. 10). Thus, the air is heated.

The refrigerant flowing from the interior condenser 12
flows into the first expansion valve 13, and then decom-
pressed by the first expansion valve 13 into an intermediate-
pressure refrigerant (from the point “d2” to a point “d3” in
FIG. 10). Then, the intermediate-pressure refrigerant
decompressed by the first expansion valve 13 flows into the
exterior heat exchanger 14, and dissipates heat into the
outside air blown from the blower fan 15 (from the point
“d3” to a point “d4” in FIG. 10).

The refrigerant flowing from the exterior heat exchanger
14 flows into the second expansion valve 16, and is decom-
pressed and expanded by the second expansion valve 16 into
a low-pressure refrigerant (from the point “d4” to a point
“d5” in FIG. 10). The low-pressure refrigerant decom-
pressed by the second expansion valve 16 flows into the
interior evaporator 17, and absorbs heat from the air blown
from the blower 32 to evaporate itself (from the point “d5”
to a point “d6” in FIG. 10). Thus, the air is dehumidified and
cooled. Then, the refrigerant flowing from the interior
evaporator 17 flows from the accumulator 18 to the suction
side of the compressor 11 (at a point “d7” of FIG. 10), and
then is compressed again by the compressor 11, like in the
cooling operation mode (from the point “d7” to the point
“d1” in FIG. 10).

As mentioned above, in the second dehumidification
heating mode, the air cooled and dehumidified by the
interior evaporator 17 can be heated by the interior con-
denser 12 to be blown into the vehicle interior, like in the
first dehumidification heating mode. Thus, the dehumidifi-
cation and heating of the vehicle interior can be achieved.

At this time, in the second dehumidification heating
mode, the first expansion valve 13 is in the throttle state, so
that the temperature of the refrigerant flowing into the
exterior heat exchanger 14 can be decreased as compared to
in the first dehumidification heating mode. Thus, the amount
of heat dissipated from the refrigerant at the exterior heat
exchanger 14 can be reduced by decreasing a difference
between the outside air temperature Tam and the tempera-
ture of refrigerant in the exterior heat exchanger 14.

As a result, the amount of heat dissipated from the
refrigerant in the interior condenser 12 can be increased,
which can increase the temperature of the air blown from the
interior condenser 12 as compared to in the first mode.
(C-3) Third Dehumidification Heating Mode

Subsequently, a third dehumidification heating mode will
be described below using FIG. 11. FIG. 11 is another Mollier
chart showing the state of refrigerant in the third dehumidi-
fication heating mode of the refrigeration cycle 10 in this
embodiment.
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The third dehumidification heating mode is performed
when the target air outlet temperature TAO is higher than a
second reference temperature, and equal to or less than a
third reference temperature previously determined. In the
third dehumidification heating mode, the first expansion
valve 13 is in the throttle state while a throttle opening
degree of the first expansion valve 13 is decreased as
compared to that in the second dehumidification heating
mode, and the second expansion valve 16 is in the throttle
state in which a throttle opening degree of the second
expansion valve 16 is increased as compared to that in the
second dehumidification heating mode. Thus, in the third
dehumidification heating mode, the state of the refrigerant
circulating through the cycle is changed as indicated by the
Mollier chart of FIG. 11.

That is, as shown in FIG. 11, the high-pressure refrigerant
(as indicated by a point “e1” of FIG. 11) discharged from the
compressor 11 flows into the interior condenser 12 to
exchange heat with the air cooled and dehumidified by the
interior evaporator 17, thereby dissipating heat therefrom
(from the point “e1” to a point “e2” in FIG. 11). Thus, the
air is heated.

The refrigerant flowing from the interior condenser 12
flows into the first expansion valve 13, and is then decom-
pressed by the first expansion valve 13 into an intermediate-
pressure refrigerant whose temperature is lower than the
outside air temperature (from the point “e2” to a point “e3”
in FIG. 11). Then, the intermediate-pressure refrigerant
decompressed by the first expansion valve 13 flows into the
exterior heat exchanger 14, and absorbs heat from the
outside air blown from the blower fan 15 (from the point
“e3” to a point “e4” in FIG. 11).

The refrigerant flowing from the exterior heat exchanger
14 flows into the second expansion valve 16, and is decom-
pressed and expanded by the second expansion valve 16 into
a low-pressure refrigerant (from the point “e4” to a point
“e5” in FIG. 11). The low-pressure refrigerant decompressed
by the second expansion valve 16 flows into the interior
evaporator 17, and absorbs heat from the air blown from the
blower 32 to evaporate itself (from the point “e5” to a point
“e6” in FIG. 11). Thus, the air is dehumidified and cooled.
Then, the refrigerant flowing from the interior evaporator 17
flows from the accumulator 18 to the suction side of the
compressor 11 (at a point “e7” of FIG. 11), and then is
compressed again by the compressor 11, like in the cooling
operation mode (from the point “e7” to the point “el1” in
FIG. 11).

As mentioned above, in the third dehumidification heating
mode, like the first and second dehumidification heating
modes, the air cooled and dehumidified by the interior
evaporator 17 can be heated by the interior condenser 12 to
be blown into the vehicle interior. Thus, the dehumidifica-
tion and heating of the vehicle interior can be achieved.

At this time, in the third dehumidification heating mode,
the throttle opening degree of the first expansion valve 13 is
decreased, so that the exterior heat exchanger 14 can serve
as an absorber (evaporator). As a result, the amount of heat
dissipated from the refrigerant in the interior condenser 12
can be increased, which can increase the temperature of the
air blown from the interior condenser 12 as compared to in
the second dehumidification heating mode.

(C-4) Fourth Dehumidification Heating Mode

Subsequently, a fourth dehumidification heating mode
will be described below using FIG. 12. FIG. 12 is another
Mollier chart showing the state of refrigerant in the fourth
dehumidification heating mode of the refrigeration cycle 10
in this embodiment.
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The fourth dehumidification heating mode is performed
when the target air outlet temperature TAO is higher than a
third reference temperature. In the fourth dehumidification
heating mode, the first expansion valve 13 is in the throttle
state while a throttle opening degree of the first expansion
valve 13 is decreased as compared to that in the third
dehumidification heating mode, and the second expansion
valve 16 is fully opened. Thus, in the fourth dehumidifica-
tion heating mode, the state of the refrigerant circulating
through the cycle is changed as indicated by the Mollier
chart of FIG. 12.

That is, as shown in FIG. 12, the high-pressure refrigerant
(as indicated by a point “f1”) discharged from the compres-
sor 11 flows into the interior condenser 12 to exchange heat
with the air cooled and dehumidified by the interior evapo-
rator 17, thereby dissipating heat therefrom (from the point
“f1” to a point “f2” in FIG. 12). Thus, the air is heated.

The refrigerant flowing from the interior condenser 12
flows into the first expansion valve 13, and is then decom-
pressed by the first expansion valve 13 into a low-pressure
refrigerant (from the point “f2” to a point “3” in FIG. 12).
The low-pressure refrigerant decompressed by the first
expansion valve 13 flows into the exterior heat exchanger
14, and absorbs heat from the outside air blown from the
blower fan 15 (from the point “f3” to a point “f4” in FIG.
12).

The refrigerant flowing from the exterior heat exchanger
14 flows into the second expansion valve 16. At this time,
the second expansion valve 16 is fully opened, so that the
refrigerant flowing from the exterior heat exchanger 14
flows into the exterior evaporator 17 without being decom-
pressed by the second expansion valve 16.

The low-pressure refrigerant flowing into the interior
evaporator 17 absorbs heat from the air blown from the
blower 32 to evaporate itself (from the point “f4” to a point
“f5” in FIG. 12). Thus, the air is dehumidified and cooled.
The refrigerant flowing from the interior evaporator 17 flows
from the accumulator 18 to the suction side of the compres-
sor (at a point “f6” of FIG. 12), and then is compressed again
by the compressor 11, like in the cooling operation mode
(from the point “f6™ to the point “f1” in FIG. 12).

As mentioned above, in the fourth dehumidification heat-
ing mode, like the first to third dehumidification heating
modes, the air cooled and dehumidified by the interior
evaporator 17 can be heated by the interior condenser 12 to
be blown into the vehicle interior. Thus, the dehumidifica-
tion and heating of the vehicle interior can be achieved.

At this time, in the fourth dehumidification heating mode,
the exterior heat exchanger 14 can serve as a heat absorber
(evaporator), like the third dehumidification heating mode.
In the fourth dehumidification heating mode, a throttle
opening degree of the first expansion valve 13 is decreased
to a smaller value than that in the third dehumidification
heating mode, so that the temperature of the refrigerant
flowing into the exterior heat exchanger 14 can be decreased
as compared to in the third dehumidification heating mode.
Thus, a difference between the refrigerant temperature and
the outside air temperature in the exterior heat exchanger 14
can be enlarged to increase the amount of heat absorbed in
the refrigerant by the exterior heat exchanger 14.

As a result, the amount of heat dissipated from the
refrigerant in the interior condenser 12 can be increased,
which can increase the temperature of the air blown from the
interior condenser 12 as compared to in the third dehumidi-
fication heating mode.

Thus, in the dehumidification heating operation mode, the
throttle opening degrees of the first expansion valve 13 and
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the second expansion valve 16 are changed according to the
target air outlet temperature TAO, so that the temperature of
the air blown into the vehicle interior can be adjusted in a
wide range from a low-temperature range to a high-tem-
perature range.

In this embodiment described above, when the refrigerant
evaporation temperature of the interior evaporator 17 cannot
be set lower than the dew-point temperature Tdew of the air
flowing into the interior evaporator 17 in performing the
heating operation, the switching is performed to a refrigerant
circuit for the normal heating operation mode that sets the
flow rate of the refrigerant into the interior evaporator 17 to
zero by allowing the refrigerant to flow toward the bypass
passage 19 side.

When the air cannot be dehumidified by the interior
evaporator 17, the unnecessary heat exchange between the
air and the refrigerant in the interior evaporator 17 can be
suppressed. Thus, the waste of the energy at the vehicle air
conditioner 1 can be effectively prevented.

In this embodiment, the target refrigerant-evaporation
temperature TEO of the interior evaporator 17 is determined
according to the outside air temperature Tam which is a
physical quantity in correlation with a dehumidification load
of the vehicle interior. When the refrigerant evaporation
temperature at the interior evaporator 17 can be set lower
than the dew-point temperature Tdew of the air flowing into
the interior evaporator 17, the air to be blown into the
vehicle interior can be appropriately dehumidified by the
interior evaporator 17.

Second Embodiment

A second embodiment of the present disclosure will be
described with reference to FIG. 13. As shown in the entire
configuration diagram of FIG. 13, the structures of the
refrigeration cycle 10 and the interior air conditioning unit
30 in this embodiment are changed as compared to those in
the first embodiment, which will be described below. FIG.
13 shows an entire configuration diagram of the vehicle air
conditioner 1 in this embodiment.

First, the refrigeration cycle 10 of the second embodiment
will be described below. The refrigeration cycle 10 of this
embodiment abolishes the use of the interior condenser 12,
the first expansion valve 13, the bypass passage 19, and the
bypass passage opening/closing valve 20 of the first embodi-
ment.

Specifically, in the refrigeration cycle 10 of this embodi-
ment, the discharge port side of the compressor 11 is coupled
to the inlet side of the exterior heat exchanger 14, while the
outlet side of the exterior heat exchanger 14 is coupled to the
inlet side of the second expansion valve 16. Further, the
outlet side of the second expansion valve 16 is coupled to the
interior evaporator 17, while the outlet side of the interior
evaporator 17 is coupled to the suction side of the compres-
sor 11 via the accumulator 18.

Subsequently, the interior air conditioning unit 30 will be
described below. In the interior air conditioning unit 30 of
this embodiment, a heater core 62 is disposed within the
casing 31 in place of the interior condenser 12 of the first
embodiment, that is, on the downstream side of the air flow
of the interior evaporator 17.

The heater core 62 is a heating device for heating air
having passed through the interior evaporator 17 by
exchanging heat between the air having passed through the
interior evaporator 17 and an engine coolant for cooling an
engine (internal combustion engine) 61 serving as an exter-
nal heat source. The heater core 62 is coupled to a coolant
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circulation circuit 60 through which the engine coolant
circulates. The heater core 62 is configured to allow the
engine coolant to flow by an operation of a coolant pump 63
provided in the coolant circulation circuit 60.

Next, the operation of the vehicle air conditioner 1 with
the above arrangement in this embodiment will be described
below. In this embodiment, among control processes per-
formed by the air conditioning controller 40, the control
processes for the respective operation modes performed in
step S9 of FIG. 3 and in steps S140 and S150 of FIG. 4 are
different from those of the first embodiment. The control
process associated with the main routine is the same as that
of the first embodiment, and thus the control processes for
the respective operation modes different from those of the
first embodiment will be described below.

First, the cooling operation mode of this embodiment will
be described below. In the cooling operation mode, the air
conditioning controller 40 determines the operating states of
the respective air conditioning control devices connected to
the output side of the air conditioning controller 40 based on
the target air outlet temperature TAO and the detection
signal from the sensor group 41.

For example, the control signal output to the servo motor
of the air mix door 34 is determined such that the air mix
door 34 closes an air passage of the heater core 62, and that
the whole volume of air having passed through the interior
evaporator 17 can pass through the cool air bypass passage
35. The refrigerant discharge capacity of the compressor 11
and the control signal output to the second expansion valve
16 are determined in the same way as that in the cooling
operation mode of the first embodiment.

Thus, in the refrigeration cycle 10 in the cooling operation
mode, the high-pressure refrigerant discharged from the
compressor 11 flows into the exterior heat exchanger 14. The
refrigerant flowing into the exterior heat exchanger 14
dissipates heat into the outside air blown from the blower fan
15 in the exterior heat exchanger 14. The refrigerant flowing
from the exterior heat exchanger 14 flows into the second
expansion valve 16, and is decompressed and expanded by
the second expansion valve 16 into a low-pressure refriger-
ant.

The low-pressure refrigerant decompressed by the second
expansion valve 16 flows into the interior evaporator 17, and
absorbs heat from the air blown from the blower 32 to
evaporate itself. Thus, the air is cooled. In the cooling
operation mode, the air passage of the heater core 62 is
closed by the air mix door 34, whereby the air having passed
through the interior evaporator 17 is blown into the vehicle
interior without being heated by the heater core 62.

The refrigerant flowing from the interior evaporator 17
flows into the accumulator 18, and is then separated into
liquid and gas phases by the accumulator 18. The gas-phase
refrigerant separated into by the accumulator 18 is sucked
into the suction side of the compressor 11 and compressed
by the compressor 11 again.

As mentioned above, in the cooling operation mode, the
air passage of the heater core 62 is closed by the air mix door
34, so that the air cooled by the interior evaporator 17 can
be blown into the vehicle interior. Thus, the cooling of the
vehicle interior can be performed.

Subsequently, the normal heating operation mode of this
embodiment will be described below. In the normal heating
operation mode, the air conditioning controller 40 deter-
mines the operating states of the respective air conditioning
control devices connected to the output side of the air



US 10,166,838 B2

23

conditioning controller 40 based on the target air outlet
temperature TAO and the detection signals from the sensor
group 41.

For example, the refrigerant discharge capacity of the
compressor 11 is determined to be the minimum capacity,
that is, to stop the operation of the compressor 11. Thus, the
operation of the refrigeration cycle 10 is substantially
stopped, which reduces the amount of refrigerant flowing
into the interior evaporator 17 substantially to zero.

The control signal output to the servo motor of the air mix
door 34 is determined such that the air mix door 34 closes
the cool air bypass passage 35, and that the whole volume
of air having passed through the interior evaporator 17 can
pass through the air passage of the heater core 62. Thus, in
the normal heating operation mode, the air blown from the
blower 32 flows into the heater core 62 and is heated by the
heater core 62 without being cooled by the interior evapo-
rator 17.

As mentioned above, in the normal heating operation
mode, the operation of the refrigeration cycle 10 is stopped,
and the cool air bypass passage 35 is closed by the air mix
door 34, so that the air blown from the blower 32 can be
heated to a desired temperature by the heater core 62 and
blown into the vehicle interior without being cooled by the
interior evaporator 17. Thus, the heating of the vehicle
interior can be performed.

Subsequently, the dehumidification heating operation
mode of this embodiment will be described below. In the
dehumidification heating operation mode, the air condition-
ing controller 40 determines the operating states of the
respective air conditioning control devices connected to the
output side of the air conditioning controller 40 based on the
target air outlet temperature TAO and the detection signals
from the sensor group 41.

For example, the control signal output to the second
expansion valve 16 is determined such that the super-
cooling degree of the refrigerant flowing into the second
expansion valve 16 approaches a target super-cooling degree
previously determined so as to bring a COP closer to
substantially the maximum value.

The control signal output to the servo motor of the air mix
door 34 is determined such that the air mix door 34 closes
the cool air bypass passage 35, and that the whole volume
of air having passed through the interior evaporator 17 can
pass through the air passage of the heater core 62.

Thus, in the refrigeration cycle 10 in the dehumidification
heating operation mode, the high-pressure refrigerant dis-
charged from the compressor 11 flows into the exterior heat
exchanger 14. The refrigerant flowing into the exterior heat
exchanger 14 dissipates heat into the outside air blown from
the blower fan 15 in the exterior heat exchanger 14. The
refrigerant flowing from the exterior heat exchanger 14
flows into the second expansion valve 16, and is decom-
pressed and expanded by the second expansion valve 16 into
a low-pressure refrigerant.

The low-pressure refrigerant decompressed by the second
expansion valve 16 flows into the interior evaporator 17, and
absorbs heat from the air blown from the blower 32 to
evaporate itself. Thus, the air is dehumidified and cooled. In
the dehumidification heating operation mode, the cool air
bypass passage 35 is closed by the air mix door 34, whereby
the air having passed through the interior evaporator 17
flows into the heater core 62 and is heated by the heater core
62 to be blown into the vehicle interior.

The refrigerant flowing from the interior evaporator 17
flows into the accumulator 18, and is then separated into
liquid and gas phases by the accumulator 18. The gas-phase
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refrigerant separated into by the accumulator 18 is sucked
into the suction side of the compressor 11 and compressed
by the compressor 11 again.

As mentioned above, in the dehumidification heating
operation mode, the cool air bypass passage 35 is closed by
the air mix door 34, and the whole volume of air having
passed through the interior evaporator 17 passes through the
air passage of the heater core 62, so that the air dehumidified
and cooled by the interior evaporator 17 can be heated by the
heater core 62 to be blown into the vehicle interior. Thus, the
dehumidification and heating of the vehicle interior can be
achieved.

In this embodiment described above, when the refrigerant
evaporation temperature of the interior evaporator 17 cannot
be set lower than the dew-point temperature Tdew of the air
flowing into the interior evaporator 17 in the heating opera-
tion, the normal heating operation mode is determined in
which the operation of the compressor 11 is stopped with the
flow rate of refrigerant into the interior evaporator 17 set
substantially to zero.

Like the first embodiment, when the air cannot be dehu-
midified by use of the interior evaporator 17, the unneces-
sary heat exchange between the refrigerant and the air in the
interior evaporator 17 can be suppressed to effectively
reduce the waste of the energy in the vehicle air conditioner
1.

In this embodiment, the refrigeration cycle 10 has a cycle
structure (accumulator cycle) including the accumulator 18
by way of example, but the present disclosure is not limited
thereto. Alternatively, for example, a cycle structure (re-
ceiver cycle or sub-cool cycle) may be used which includes
a receiver disposed on an outlet side of an exterior heat
exchanger 14 for separating the refrigerant into vapor and
liquid phases without using the accumulator 18.

Third Embodiment

A third embodiment of the present disclosure will be
described with reference to FIG. 14. FIG. 14 shows a
flowchart of the flow of a part of the control process
performed by an air conditioning controller 40 according to
this embodiment.

In the third embodiment, the control process for deter-
mining the normal heating operation mode or the dehumidi-
fication heating operation mode in the heating operation
mode is changed with respect to the first embodiment, which
will be described below by way of example. In this embodi-
ment, the description of the same or equal parts as those of
the first and second embodiments will be omitted or sim-
plified below.

In this embodiment, as shown in FIG. 14, the processes in
steps S120 and S130 of FIG. 4 described in the first
embodiment will be changed to the process in step S160.
Specifically, when the A/C switch is determined to be turned
on in step S110 (if yes in step S110), the operation proceeds
to step S160, in which it is determined whether the dehu-
midification of the air can be performed or not in the interior
evaporator 17 based on the dew-point temperature Tdew
calculated in step S100 and a fixed threshold (reference
threshold) Th previously set to 0° C. or more. Specifically,
in step S160, it is determined whether or not the dew-point
temperature Tdew is higher than the fixed threshold Th as
the reference threshold. In this embodiment, the process in
step S160 performed by the air conditioning controller 40
serves as a determination portion for determining whether or
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not the dew-point temperature Tdew of the air flowing into
the interior evaporator 17 is equal to or less than the
reference threshold.

The fixed threshold Th is set to a value that makes it
difficult to dehumidify the air in the interior evaporator 17
based on an experiment or simulation. The fixed threshold
Th is set to, for example, a minimum temperature o (for
example, 1° C.) of the target refrigerant-evaporation tem-
perature TEO defined to prevent the frost formation of the
interior evaporator 17.

When the dew-point temperature Tdew is determined to
be higher than the fixed threshold Th in step S160 (if YES
in step S160), the operation proceeds to step S140, in which
the control process for the dehumidification heating opera-
tion mode (heating operation mode with the dehumidifica-
tion) is performed. The determination of the target refriger-
ant-evaporation temperature TEO in step S120 described in
the first embodiment is performed in the control process for
the dehumidification heating operation mode.

Thus, when the dew-point temperature Tdew is deter-
mined to be equal to or less than the fixed threshold Th in
step S160 (if NO in step S160), the operation proceeds to
step S150, in which the control process for the normal
heating operation mode (heating operation mode without the
dehumidification) is performed. The basic contents of the
control processes for the dehumidification heating operation
mode and the normal heating operation mode are the same
as those of the first and second embodiments, and thus the
description thereof will be omitted below.

Like this embodiment described above, when the air
cannot be dehumidified by the interior evaporator 17 even
by use of the structure for determining the possibility of the
dehumidification of the air by the evaporator 17 based on the
predetermined fixed threshold Th and the dew-point tem-
perature Tdew of air flowing into the evaporator 17, the
unnecessary heat exchange between the air and refrigerant in
the evaporator 17 can be suppressed to effectively reduce the
waste of the energy in the vehicle air conditioner 1.

The present embodiment performs a determination pro-
cess which involves comparing the dew-point temperature
Tdew with the predetermined fixed threshold Th in step
S160, and thus can simplify the control process of the air
conditioning controller 40.

Other Embodiments

The preferred embodiments of the disclosure have been
described above, but the disclosure is not limited thereto.
The disclosed embodiments can be appropriately modified
based on the knowledge normally owned by those skilled in
the art without departing from the scope of the accompanied
claims as long as those skilled in the art can easily replace
the embodiment without being limited to the terms described
in the claims. For example, the following various modifi-
cations can be made to the embodiments of the disclosure.

(1) In the above respective embodiments, the determina-
tion process of the target refrigerant-evaporation tempera-
ture TEO of the interior evaporator 17 is performed in step
S120 of FIG. 4 such that the target refrigerant-evaporation
temperature TEO is decreased according to a decrease in
outside air temperature Tam by way of example. However,
the invention is not limited thereto. Alternatively, the target
refrigerant-evaporation temperature TEO may be deter-
mined based on a necessary amount and a thermal load of air
conditioning of the vehicle interior except for the outside air
temperature.
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For example, as shown in the control characteristic dia-
gram of FIG. 15(a), the target refrigerant-evaporation tem-
perature TEO may be determined according to the ratio of
the introduced amount of the inside air to the outside air into
the interior evaporator 17, in addition to the outside air
temperature Tam.

In this case, in step S120, when selecting as the suction
port mode, the inside air circulation mode REC having the
highest ratio of introduction of the inside air to the outside
air into the interior evaporator 17, the target refrigerant-
evaporation temperature TEO is desirably determined to
become low as compared to when selecting the inside/
outside air introduction mode R/F or outside air introduction
mode FRS. The mode R/F or FRS has a lower ratio of
introduction of the inside air to the outside air into the
evaporator 17 than that in the inside air circulation mode
REC.

Thus, the target refrigerant-evaporation temperature TEO
of the interior evaporator 17 is determined according to a
dehumidification load of the vehicle interior, so that the air
into the vehicle interior can be appropriately dehumidified
by the interior evaporator 17.

Desirably, the target refrigerant-evaporation temperature
TEO of the interior evaporator 17 is determined according to
a dehumidification load of the vehicle interior. However, as
shown in the control characteristic diagram of FIG. 15(5), in
step S120, the target refrigerant-evaporation temperature
TEO may be determined to be decreased according to a
decrease in target air outlet temperature TAO, which is a
physical quantity in correlation to an air conditioning ther-
mal load of the vehicle interior.

In step S120, a lower one of the target refrigerant-
evaporation temperature TEO calculated with reference to
the control characteristic diagram of FIG. 15(a) and the
target refrigerant-evaporation temperature TEO calculated
with reference to the control characteristic diagram of FIG.
15(b) may be selected as the target refrigerant-evaporation
temperature TEO. In this way, the target refrigerant-evapo-
ration temperature TEO can be determined according to the
dehumidification load and air conditioning thermal load of
the vehicle interior.

(2) In the above respective embodiments, in step S8
shown in FIG. 3, the cooling operation mode or the heating
operation mode is determined based on the target air outlet
temperature TAO and the operation signal of the A/C switch
by way of example, but the present disclosure is not limited
thereto. For example, when the preset temperature Tset of
the vehicle interior is lower than the outside air temperature
Tam, the operation mode may be determined to be the
cooling operation mode. When the vehicle interior preset
temperature Tset is higher than the outside air temperature
Tam, the operation mode may be determined to be the
heating operation mode.

(3) In the above respective embodiments, in each of the
cooling operation mode, the normal heating operation mode,
and the dehumidification heating operation mode, the air
conditioning controller 40 operates the air mix door 34 to
close either the cool air bypass passage 35 or the air passage
of the interior condenser 12 or heater core 62, by way of
example. However, the operation of the air mix door 34 is
not limited thereto.

For example, the air mix door 34 may open both the cool
air bypass passage 35, and the air passage of the interior
condenser 12 or heater core 62. The temperature of air blown
into the vehicle interior may be controlled by adjusting the
ratio of flow rate of the air passing through the cool bypass
passage 35 to that of the air passing through the air passage
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of the interior condenser 12 or heater core 62. Such control
of the temperature is effective at fine adjustment of the
temperature of the air with ease.

(4) In the above first embodiment, during the dehumidi-
fication heating operation mode, the operation mode is
switched from the first dehumidification heating mode to the
fourth dehumidification heating mode in stages with increas-
ing in target air outlet temperature TAO, but the present
disclosure is not limited thereto. For example, in the dehu-
midification heating operation mode, the operation mode
may be continuously switched from the first dehumidifica-
tion heating mode to the fourth dehumidification heating
mode with increasing target air outlet temperature TAO.
That is, the throttle opening degree of the first expansion
valve 13 may be gradually decreased with increasing target
air outlet temperature TAO, so that the throttle opening
degree of the second expansion valve 16 may be gradually
increased.

(5) In the above second embodiment described above,
when the refrigerant evaporation temperature of the interior
evaporator 17 cannot be set lower than the dew-point
temperature Tdew of the air flowing into the interior evapo-
rator 17, desirably, the operation of the compressor 11 is
stopped with the flow rate of the refrigerant into the interior
evaporator 17 set substantially to zero, but the disclosure is
not limited thereto. Alternatively, for example, when the
refrigerant evaporation temperature of the interior evapora-
tor 17 cannot be set lower than the dew-point temperature
Tdew of the air flowing into the interior evaporator 17, the
refrigerant discharge capacity of the compressor 11 may be
reduced to thereby decrease the flow rate of refrigerant into
the interior evaporator 17.

(6) In the above respective embodiments, normal fluoro-
carbon refrigerant is used as the refrigerant for the refrig-
eration cycle 10 by way of example, but the refrigerant is not
limited to this kind. For example, a hydrocarbon refrigerant,
or carbon dioxide may be used. Further, the refrigeration
cycle 10 may be formed as a supercritical refrigeration cycle
whose high-pressure side refrigerant pressure exceeds the
critical pressure of the refrigerant.

What is claimed is:

1. A vehicle air conditioner which cools air to be blown
into a vehicle interior by using a refrigeration cycle with an
evaporator evaporating refrigerant, the vehicle air condi-
tioner comprising:

a refrigerant flow-rate control portion controlling a flow

rate of the refrigerant flowing into the evaporator;

a dew-point temperature detection portion detecting a
dew-point temperature of air flowing into the evapo-
rator;

an evaporator temperature determination portion deter-
mining a target refrigerant-evaporation temperature
that is a target temperature of the evaporator; and

a determination portion determining whether the dew-
point temperature detected by the dew-point tempera-
ture detection portion is equal to or less than the target
refrigerant-evaporation temperature, wherein

the refrigerant flow-rate control portion reduces the flow
rate of the refrigerant flowing into the evaporator, when
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the determination portion determines that the dew-
point temperature detected by the dew-point tempera-
ture detection portion is equal to or less than the target
refrigerant-evaporation temperature,

the evaporator temperature determination portion deter-

mines the target refrigerant-evaporation temperature
based on at least a physical quantity in correlation to a
dehumidification load of the vehicle interior, and

the evaporator temperature determination portion deter-

mines the target refrigerant-evaporation temperature to
be lower in accordance with an increase in ratio of
introduction of inside air to outside air, introduced into
the evaporator.

2. The vehicle air conditioner according to claim 1,
wherein the evaporator temperature determination portion
determines the target refrigerant-evaporation temperature to
be lower as an outside air temperature decreases.

3. The vehicle air conditioner according to claim 1,
wherein the evaporator temperature determination portion
determines the target refrigerant-evaporation temperature to
be equal to or more than 0° C.

4. The vehicle air conditioner according to claim 1,
wherein the target refrigerant-evaporation temperature is a
predetermined fixed temperature.

5. The vehicle air conditioner according to claim 1,
wherein the refrigeration cycle includes a bypass passage
through which refrigerant flows while bypassing the evapo-
rator, and a refrigerant circuit switching portion switching
between a refrigerant circuit for circulating the refrigerant to
a side of the evaporator and another refrigerant circuit for
circulating the refrigerant to a side of the bypass passage,

wherein when the dew-point temperature detection por-

tion determines that the dew-point temperature
detected by the determination portion is equal to or less
than the target refrigerant-evaporation temperature, the
refrigerant flow-rate control portion controls an opera-
tion of the refrigerant circuit switching portion so as to
allow the refrigerant to flow to the side of the bypass
passage.

6. The vehicle air conditioner according to claim 1,
wherein the refrigeration cycle further includes a compres-
sor compressing and discharging the refrigerant,

wherein when the determination portion determines that

the dew-point temperature detected by the dew-point
temperature detection portion is equal to or less than
the target refrigerant-evaporation temperature, the
refrigerant flow-rate control portion reduces the refrig-
erant discharge capacity of the compressor.

7. The vehicle air conditioner according to claim 1, further
comprising

a heater heating air cooled by the evaporator.

8. The vehicle air conditioner according to claim 1,
wherein while the dew-point temperature is equal to or less
than the target refrigerant-evaporation temperature, the flow
rate of the refrigerant flowing into the evaporator is set to
approximately zero.
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