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[571 ABSTRACT

When a defroster switch is input in a heating operation
mode, an opening degree of an electric type of a heating
expansion valve is controlled to be smaller when tempera-
ture of refrigerant discharged from a compressor is less than
a predetermined temperature. Therefore, the supercooling
degree of the liquid refrigerant of an indoor heating heat
exchanger becomes large, the temperature of the heat
exchanger becomes high, so that the temperature of air
which is blown from a defroster outlet becomes high. Thus,
the defrosting effect of a front windshield glass can be
increased. Accordingly, when the defrosting of the front
windshield is needed, the defrosting effect is increased as
compared with when the defrosting is not needed.

15 Claims, 11 Drawing Sheets
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1
AIR CONDITIONING APPARATUS

CROSS-REFERENCE TO RELATED
* APPLICATIONS

This application is related to and claims priority from
Japanese Patent Application Nos. Hei. 7-157622 filed on
Jun. 23, 1995 and Hei. 8-91440 filed on Apr. 12, 1996, the
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an automotive air condi-
tioner which controls air heating degree of a condenser
disposed in an air passage by an opening degree of an
electric expansion valve and blows the heated air in the
condenser from a defroster air outlet in the defrosting
operation mode.

2. Description of Related Art

In a conventional air conditioner described in JP-A-3-
170753, the first temperature sensor is located on a refrig-
erant pipe at the center of a heat exchanger which functions
as a condenser of a refrigerating cycle, and the second
temperature sensor is located on the refrigerant pipe of an
outlet of the condenser. The supercooling degree of a
condensed liquid refrigerant in the condenser is calculated
by difference between the temperatures detected by each of
the temperature sensors, and the opening degree of an
electronic expansion valve is so controlled that the calcu-
lated supercooling degree is kept in a certain range.

In the air conditioner in which the air in the air passage for
directing air into a passenger compartment is heated by the
heat of condensation of the condenser, for example, in the
automotive air conditioner in which the condenser is dis-
posed in the air passage, when the supercooling degree of
the certain range is so set that the coefficient of performance
of the refrigerating cycle becomes as large as possible, and
when the opening degree of the electronic expansion valve
is so controlled that the supercooling degree is kept in the
certain range, the air conditioner is operated with economi-
cal electric power in the regular cooling and heating mode,
however, the air conditioning capacity is not enough in
defrosting the windshield. As a result, the air conditioning
operation for defrosting the windshield cannot be per-
formed.

Particularly, in the winter, an outside air introduction
mode is generally used for defrosting. In this case, a low
temperature outside (fresh) air is introduced at the intake
side of the condenser, so that the load on the condenser
becomes large. Therefore, the above-described problem is
likely to occur.

SUMMARY OF THE INVENTION

In view of the above problem, it is an object of the present
invention to provide an air conditioning apparatus, in which
the air in the air passage for directing into the passenger
compartment is heated by the heat of condensation of the
condenser and the heating degree in the condenser is further
controlled by an opening degree of an electric expansion
valve, capable of increasing the defrosting effect when the
defrosting the windshield is needed as compared with the
case where the defrosting operation is not needed.

According to the present invention, refrigerant in a refrig-
erating cycle is compressed by a compressor, is condensed
in a condenser, is decompressed and expanded in an expan-
sion valve, is evaporated in an evaporator, then, is returned
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into the compressor and the refrigerant is compressed. When
defrosting instruction signals generating means does not
generate a defrosting instruction signal, the opening degree
of an electric expansion valve becomes a first opening
degree, When the defrosting instruction signal generating
means generates the defrosting instruction signal, that is, in
defrosting mode, the opening degree of the electric expan-
sion valve becomes the second opening degree which is less
than the first opening degree.

Here, the defrosting means that the cloud of a vehicle
windshield is prevented beforehand, it is needless to say, it
means that generated cloud thereof is removed, as well as
means that the ice of the outer surface of the vehicle
windshield is thawed.

Thus, when the defrosting instruction signal is generated,
as compared with when the defrosting instruction signal is
not generated, the opening degree of the electric expansion
valve becomes small and the pressure of the refrigerant in
the condenser becomes high. As a result, the refrigerant
temperature in the condenser becomes high, so that the air
in the air passage is more heated by heat of the condensation
by the condenser, therefore, the temperature of air which is
blown from a defroster air outlet toward the inside surface
of the vehicle windshield becomes high.

‘When the defrosting instruction signal generating means
generates the defrosting instraction signal to perform the
defrosting of the windshield, the opening degree of the
electric expansion valve is made smaller than the ordinary
mode, and the temperature of air blown from the defroster
outlet is made high, so that the present invention can obtain
a higher defrosting effect.

Further, the first opening degree may be set to an opening
degree in which the coefficient of performance of the refrig-
erating cycle is maximized.

Thus, it is needless to say that the defrosting effect of the
windshield is increased in the defrosting mode for defrosting
the windshield, further, in the ordinary operation mode other
than defrosting of the windshield, the refrigerating cycle is
so driven that the coefficient of performance is maximized,
so that the power saving effect of the refrigerating cycle can
be increased.

Still further, the first opening degree may be an opening
degree in which the supercooling degree of the liquid
refrigerant in the condenser becomes a predetermined value.

Furthermore, the first opening degree may be an opening
degree in which the heating degree detected by the heating
degree detecting means becomes a predetermined value.

Moreover, the second opening degree may be an opening
degree in which the heating degree determined by the
heating degree determining means is larger than a predeter-
mined value.

If the heating degree of the condenser is larger than the
predetermined value, the defrosting of the windshield can be
sufficiently performed when the air in the air passage which
is heated by the heat of the condensation by the condenser
is blown from the defroster air outlet toward the inside
surface of the vehicle windshield.

Further, the second opening degree may be an opening
degree in which the discharge refrigerant temperature
detected by the discharge temperature detecting means
becomes a predetermined value.

If the discharge refrigerant temperature is the predeter-
mined value, the defrosting of the windshield can be suffi-
ciently performed when the air in the air passage which is
heated by the heat of condensation by the condenser is
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blown from the defroster air outlet toward the inside surface
of the windshield.

Thus, when the defrosting instruction signal generating
means generates the defrosting instruction signal to perform
the defrosting of the windshield, the opening degree of the
electric expansion valve becomes an opening degree in
which the discharge refrigerant temperature becomes the
above-described predetermined value, so that the defrosting
of the windshield can be sufficiently performed. That is, the
discharge refrigerant temperature only increases to the
above-described predetermined value, and the discharge
refrigerant temperature is not increased more than necessary,
therefore, the consumed electric power of the electric motor
can be made minimized.

Further, the second opening degree may be an opening
degree in which the electric current detected by electric
current detecting means becomes a predetermined value.

When the electric current supplied to the inverter is less
than the predetermined value, the amount of the heat gen-
erated by the inverter is controlled, so that the inverter can
be normally kept on operating. Thus, in the defrosting mode,
the warm air can be blown to the inside surface of the
windshield as long as inverter can be normally operated.

When the defrosting instruction signal is generated and
the outside air temperature is more than a predetermined
value, the opening degree of the electric expansion valve
becomes the first opening degree. When the defrosting
instruction signal is generated and the outside air tempera-
ture is less than the predetermined value, the opening degree
of the electric expansion valve becomes the second opening
degree.

‘When the outside air temperature is less than the prede-
termined value, in the ordinary operation mode without the
defrosting instruction signal, the defrosting of the wind-
shield cannot be sufficiently performed.

Even if there is the defrosting instruction signal, further,
when the outside air temperature is less than the predeter-
mined value, that is, when the defrosting of the windshield
cannot be sufficiently performed, the opening' degree of the
electric expansion valve specially becomes the second open-
ing degree. That is, even if there is the defrosting instruction
signal, however, when the outside air temperature is more
than the predetermined value, the opening degree of the
electric expansion valve becomes the first opening degree.
Thus, the increase of the consumed electric power of the
compressor accompanied with the opening degree of the
electric expansion valve changing to the second opening
degree can be minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 11is an overall construction view according to a first
embodiment of the present invention;

FIG. 2 is a block diagram of a control system of the first
embodiment;

FIG. 3 is a front view of a control panel of the first
embodiment;

FIG. 4 is a flow chart showing a control process of a
pressure reducer of the first embodiment;

FIG. 5 is a Mollier diagrammatic view of a refrigerating
cycle of the first embodiment;

FIG. 6 is a map showing relationships between each
environmental factor and target supercooling degree in a
heating operation mode of the first embodiment;
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FIG. 7 is a graph showing relationships between super-
cooling degree SC and coefficient of performance COP of
refrigerating cycle in each outside air temperature;

FIG. 8 is a map showing relationships between deviation
ASC and increase and decrease opening degree AEVH of the
heating pressure reducer in the heating operation mode of
the first embodiment;

FIG. % is a map showing relationships between each
environmental factor and the target supercooling degree
SCO in a cooling operation mode of the first embodiment;

FIG. 10 is a map showing relationship between the
deviation ASC and the increase and decrease opening degree
AEVH of the cooling pressure reducer in the cooling opera-
tion mode of the first embodiment;

FIG. 11 is a map showing relationship between deviation
ATd of discharge temperature and increase and decrease
value of the pressure reducer opening degree;

FIG. 12 is an experimental graph showing relationship
between the supercooling degree SC, the discharge refrig-
erant temperature, coefficient of performance COP, and the
outside air temperature in the first embodiment;

FIG. 13 is a view showing the relationship between the
opening degree of the pressure reducer and the supercooling
degree SC;

FIG. 14 is a graph showing the relationship between the
supercooling degree SC, the discharge refrigerant pressure,
the coefficient of performance COP, and the temperature of
the air blowing into passenger compartment;

FIG. 15 is a flow chart showing control process of the
pressure reducer according to a third embodiment of the
present invention; and

FIG. 161s an overall construction view according to a fifth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A first embodiment in which the present invention is
applied to an air conditioner for electric vehicles will now be
described with reference to FIGS. 1 through 14.

In FIG. 1, an air conditioning duct 2 in an air conditioning
unit 1 forms an air passage therein for introducing air into a
passenger compartment. In the air conditioning duct 2, an
inside/outside air switching means 3 and air blowing means
4 are provided on one side, and a plurality of air outlets 14
through 16 is formed so as to open to the passenger
compartment on the other side.

The inside/outside air switching means 3 is provided with
an inside/outside air switching door 7 within a inside/outside
air switching box to selectively open/close the inside air
inlet 5 for taking in the air from the inside of the passenger
compartment (i.e., inside air) and an outside air inlet 6 for
taking in air from the outside of the passenger compartment
(i.e., outside air), both the inlets 5 and 6 being formed in the
inside/outside air selected box and the inside/outside air
selecting door 7 being driven by a dedicated driving means
(e.g., servo motor, not illustrated).

The air blowing means 4 generates air flow in the air
conditioning duct 2 from the inside air inlet 5 or outside air
inlet 6 to the air outlets 14 through 16. Specifically, a
multiblade fan 9 is located in a scroll casing 8 and the
multiblade fan 9 is driven by a blower motor 10.

An indoor cooling heat exchanger 11 is located in the air
conditioning duct 2 on the downstream side from the multi-
blade fan 9. The indoor cooling heat exchanger 11 forms a
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part of a refrigerating cycle 20 (described later) and func-
tions when the operation is in a cooling mode (described
later) as an evaporator for dehumidifying and cooling the air
in the air conditioning duct 2 by the endothermic action of
the refrigerant flowing therethrough. When the operation is
in a heating mode, however, the refrigerant does not flow
into the indoor cooling heat exchanger 11.

Further, an indoor heating heat exchanger 12 is located in
the air conditioning duct 2 on the downstream side from the
indoor cooling heat exchanger 11. The indoor heating heat
exchanger 12 forms a part of a refrigerating cycle 20 and
functions when the operation is in a heating mode (described
later) as a condenser for heating the air in the air condition-
ing duct 2 by the radiative action of the refrigerant flowing
therethrough. When the operation is in the cooling mode,
however, the refrigerant does not flow into the indoor
heating heat exchanger 12.

Further, an air mix door 13 is located in a position
adjacent to the indoor heating heat exchanger 12 in the air
conditioning duct 2 to regulate the flow amount of the air
supplied from the multiblade fan 9 to flow through the
indoor heating heat exchanger 12 and the flow amount of the
air supplied from the multiblade fan 9 to bypass the indoor
heating heat exchanger 12.

The above-described air outlets 14 through 16 are spe-
cifically a defroster air outlet 14 for blowing the conditioned
air toward the inside surface of the vehicle windshield, a
face air outlet 15 for blowing the conditioned air toward the
upper half of the bodies of the driver and passengers in the
passenger compartment, and a foot air outlet 16 for blowing
the conditioned air toward the lower half of the driver and
passengets in the passenger compartment. Upstream of these
outlets 14 through 16, there are arranged doors 17 through
19 respectively to open/close the respective air outlets 14
through 16. Further, these doors 17 through 19 are respec-
tively driven by respective driving means 32 through 34
(specifically, servo motors illustrated in FIG. 2).

Here, the refrigerating cycle 20 is a heat pump type cycle
in which the inside of the passenger compartment is cooled
or heated by the indoor cooling heat exchanger 11 and the
indoor heating heat exchanger 12. In addition to these heat
exchangers 11 and 12, the refrigerating cycle 20 includes a
refrigerant compressor 21, an outdoor heat exchanger 22, a
cooling pressure reducer 23 (cooling expansion valve), a
heating pressure reducer 24 (heating expansion valve), accu-
mulator 25 and a four-way valve 26 which selects the flow
of the refrigerant, all of which is mutually connected with a
refrigerant pipe 27. In FIG. 1, the reference numeral 28
denotes a solenoid valve, and the reference numeral 29
denotes an outdoor fan.

The above-described outdoor heat exchanger functions as
a condenser when the operation is in a cooling mode
(described later).

When the refrigerant compressor 21 is driven by an
electric motor 30, the refrigerant compressor 21 takes in,
compresses and exhaust the refrigerant. The electric motor
30 is aranged integrally with the refrigerant compressor 21
in a sealed-up casing. The rotational speed of the electric
motor 30 continuously varies by the control of an inverter
31. Power supply to the inverter 31 is controlled by an
electronic control unit (ECU) 40 (FIG. 2).

Further, both the cooling pressure reducer 23 and the
heating pressure reducer 24 are electric type expansion
valves in which each valve opening degree varies by control
of the electronic control unit 40 (FIG. 2).

As shown in FIG. 2, in the ECU 40, signals are input from
an outside air temperature sensor 41 for detecting the
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temperature of the outside air, an inlet temperature sensor 42
for detecting the temperature of the air of inlet side of the
indoor heating heat exchanger 12 (specifically, inlet side of
the indoor cooling heat exchanger 11), a discharge pressure
sensor 43 for detecting the pressure of the refrigerant dis-
charged from the refrigerant compressor 21, and a cooling
outlet temperature sensor 44 for detecting the temperature of
the refrigerant after passing through the outdoor heat
exchanger 22.

In the ECU 40, signals are input from a heating outlet
temperature sensor 45 for detecting the refrigerant tempera-
ture of the refrigerant after passing through the indoor
heating heat exchanger 12, a post-evaporator sensor 46 for
detecting air cooling degree of the indoor cooling heat
exchanger 11 (specifically, the temperature of the air imme-
diately after passing through the indoor cooling heat
exchanger 11), and a discharge temperature sensor 47 for
detecting the temperature of the refrigerant discharged from
the compressor 21. Signals from each lever and switch of a
control panel 51 which is located at the front of the passen-
ger compartment is also input into the ECU 40.

The discharge pressure sensor 43 is located in a discharge
pipe between the compressor 21 and the four-way valve 26.
Further, the cooling outlet temperature sensor 44 is covered
with a heat insulation material or the like, so that the error
in the detection of the refrigerant temperature becomes
small, then the cooling outlet temperature sensor 44 is
closely fixed by a clamp or the like on the surface of the
outlet pipe of the outdoor heat exchanger 22. Similarly, the
heating outlet temperature sensor 45 is covered with a heat
insulation material or the like, so that the error in the
detection of the refrigerant temperature becomes small, then
the heating outlet temperature sensor 45 is closely fixed by
a clamp or the like on the surface of the outlet pipe of the
indoor heating heat exchanger 12.

As shown in FIG. 3, the control panel 51 is provided with
a blow mode setting switch 52 for setting blow mode, an air
flow amount setting switch 53 for setting the flow amount of
the air blown into the passenger compartment, an inside/
outside air switching switch 54 for setting the inside/outside
air mode, an operation mode setting switch 55 for setting the
operation mode of the refrigerating cycle 20, a temperature
setting lever 56 for setting the temperature of the air blown
into the passenger compartment, and a power saving switch
57 for setting the power saving mode of the comsumed
electric power of the electric motor 30.

The blow mode setting switch 52 includes a face switch
52a selecting a face mode which blows the conditioned air
from the face air outlet 15, a bi-level switch 52b selecting a
bi-level mode which blows the conditioned air from the face
air outlet 15 and the foot air outlet 16, a foot switch 52¢
selecting a foot mode which blows the conditioned air from
the foot air outlet 16, a foot defroster switch 524 selecting
a foot defroster mode which blows the conditioned air from
the foot air outlet 16 and defroster air outlet 14, and a
defroster switch 52¢ selecting a defroster mode which blows
the conditioned air from the defroster air outlet 14.

The defroster switch 52¢ is a switch which instructs
prevention of cloud, defogging, and defrosting of the vehicle
windshield.

The operation mode setting switch 55 includes a stop
switch 55a for stopping the operation of the compressor 21,
a cooling switch 55b for setting the operation mode of the
refrigerating cycle 20 to the cooling operation mode, a
heating switch 55¢ for setting the operation mode of the
refrigerating cycle 20 to the heating operation mode, and the
like.
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The above-described temperature setting lever 56 sets a
target temperature in the passenger compartment by a driver
or a passenger in the passenger compartment, According to
the setting position of the temperature setting lever 56, in the
cooling operation mode, the ECU 40 determines the target
value of the air cooling degree of the indoor cooling heat
exchanger 11 (specifically, the temperature of the air imme-
diately after passing through the indoor cooling heat
exchanger 11). Further, according to the setting position of
the temperature setting lever 56, in the heating operation
mode, the ECU 40 determines the target value of the air
heating degree of the indoor heating heat exchanger 12
(specifically, the temperature of the refrigerant discharged
from the compressor 21).

The ECU 40 controls the inverter 31 in such a way that the
detected value of the post-evaporator sensor 46 is controlled
to the target value in the cooling operation mode and the
detected value of the discharge pressure sensor is controlled
to the target value in the heating operation mode. Further,
when the defroster switch 52e is input, the ECU 40 controls
the servo motors to be set to the defroster mode.

A well-known microcomputer (not shown) which
includes CPU, ROM, RAM and other components is incor-
porated in the ECU 40. The signal from each of the sensors
41 through 47 and the signals from the control panel 51 are
input respectively into the microcomputer through an input
circuit {not shown) in the ECU 40.

This microcomputer executes a specified process
(described herein later). Based on the results of the
execution, the microcomputer controls the blower motor 10,
the cooling pressure reducer 23, the heating pressure reducer
24, the solenoid valve 28, outdoor fan 29, the inverter 31,
and the servo motors 32 through 34. Here, electric power is
supplied to the ECU 40 from a battery (not shown).

When the cooling switch 552 is pressed by a driver or a
passenger in the passenger compartment, the microcomputer
starts up the compressor 21 and controls the four-way valve
26 and the solenoid valve 28 in such a way that the
refrigerating cycle 20 is set to the cooling operation mode.
In the cooling operation mode, the refrigerant flows through
the compressor 21, the outdoor heat exchanger 22, the
cooling pressure reducer 23, the indoor cooling heat
exchanger 11, the accumulator 25, and the compressor 21 in
this order.

When the heating switch 55¢ is pressed by a driver or a
passenger in the passenger compartment, the microcomputer
starts up the compressor 21 and controls the four-way valve
26 and the solenoid valve 28 in such a way that the
refrigerating cycle 20 is set to the cooling operation mode.
In the heating operation mode, the refrigerant flows through
the compressor 21, the indoor heating heat exchanger 12, the
heating pressure reducer 24, the outdoor heat exchanger 22,
the solenoid valve 28, the accumulator 25, and the com-
pressor 21 in this order. :

Referring to FIG. 4, the control process of the pressure
reducers 23 and 24 by the microcomputer will be described.

Firstly, when the key switch is turned ON and the main
electric power is supplied to the ECU 49, the routine shown
in FIG. 4 starts. In the first step 110, the initialization is
performed. Then, in the step 120, the signals from the
sensors 41 through 47 and the control panel 51 are read
respectively.

In the next step 130, according to the input state of the
operation mode setting switch 55 read in the step 120, the
operation mode of the refrigerating cycle 20 is determined.
For example, when the cooling switch 55b is input, the
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refrigerating cycle 20 is determined to be the cooling
operation mode, when the heating switch 55b is input, the
refrigerating cycle 20 is determined to be the heating opera-
tion mode.

In the step 140, it is determined whether or not the
operation mode determined in the step 130 is in the heating
operation mode. Further, in the step 150, it is determined
whether or not the defroster switch 52e is in the on position.

When the determination is YES in both the steps 140 and
150, the steps 270 through 300, which is the main feature of
the present invention, are performed. When the determina-
tion is NO in any one of the steps 140 and 150, the steps 160
through 200 or the steps 210 through 260 are performed.

Firstly, the process of the steps 160 through 200 will be
described. Secondly, the process of the steps 210 through
260 will be described. Lastly, the process of the steps 270
through 300, which is the main feature of the first
embodiment, will be described.

‘When the determination is YES in the step 140 and the
determination is NO in the step 150, that is, when it is the
ordinary heating operation mode without inputting the
defroster switch 52e, the supercooling degree (SC) of the
condensate refrigerant of the indoor heating heat exchanger
12 is firstly calculated by the following equation (1) in the
step 160.

SC=f{Pdy-Tes )

vwhercin, the f(Pd) is a condensed temperature which is

calculated by detected value of the discharge pressure sensor
43, Tes is a detected value of the heating outlet temperature
sensor 45.

That is, the discharge refrigerant pressure which is
detected by the discharge pressure sensor 43 is a pressure at
the point “A” in the Mollier diagram (FIG. 5) of the
refrigerating cycle 20. That is, the discharge refrigerant
pressure is a pressure at the point “B”. In the first
embodiment, since the pressure at the point “B” is obtained
by the detected value of the discharge pressure sensor 43, the
condensed temperature at the point “B” is obtained by the
map which shows the relationship between the condensed
temperature and the refrigerant pressure (not shown) which
is stored in ROM. The condensed temperature at the point
“B” is the above-described f(Pd).

The refrigerant temperature detected by the heating outlet
temperature sensor 45 is a temperature at the point “C” in
FIG. 5. Thus, in the first embodiment, by the calculation of
the equation (1), the difference between the refrigerant
temperature of the point “B” and the refrigerant temperature
at the point “C” in FIG. 5 is calculated, that is, SC is
calculated.

In the step 170, the target value (SCO) of the supercooling
degree is so calculated that the efficiency of refrigerating
cycle 20 becomes as large as possible, to improve the power
saving effect. Specifically, while the heat radiation ability Q
of the indoor heating heat exchanger 12 is optimized, the
coefficient of performance (=the heat radiation ability Q/the
power W of the compressor 12) of the refrigerating cycle 20
is maximized.

The SCO is calculated by the signals from the outside air
temperature sensor 41, the inlet temperature sensor 42, and
the air flow amount setting ‘switch 53. As shown in FIG. 6,
the lower the outside air temperature and the inlet side air
temperature of the indoor heating heat exchanger 12 and the
larger air flow amount passing through the indoor heating
heat exchanger 12 are, the larger SCO is.
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That is, in the winter having a low temperature outside air,
the outside air introduction mode is generally used for
defrosting. Thus, in this case, the lower the outside air
temperature is, the lower the inlet side air temperature of the
indoor heating heat exchanger 12 is. That is, the temperature
of the air passing through the indoor heating heat exchanger
12 becomes low. What the temperature of the air passing
through the indoor heating heat exchanger 12 is low means
that the difference between the temperature of the refrigerant
in the indoor heating heat exchanger 12 and the temperature
of the air passing through the indoor heating heat exchanger
12 is large, that is, the heat radiation ability Q is large.

Thus, when the temperature of the air of the inlet side of
the indoor heating heat exchanger 12 is low, if the SCO is
calculated as a larger value, the increase of the heat radiation
ability Q becomes larger than that of the power W so that the
coefficient of performance (COP) becomes large. On the
other hand, when the temperature of the air of the inlet side
of the indoor heating heat exchanger 12 is high, if the SCO
is calculated as a larger value, the COP becomes small. That
is, as shown by the solid line in FIG. 7, when the temperatare
of the outside air is high, the SC having the largest COP
becomes small. When the temperature of the outside air is
low, the SC having the largest COP becomes large. The
chain line with one dot in FIG. 7 is a line of connecting the
points in which the COP becomes the largest.

Thus, as shown in FIG. 6, when the temperatare of the
outside air or the temperature of the inlet side is low, the
SCO is calculated as a larger value, as compared with when
the temperature of the outside air or the temperature of the
inlet side is high,

Further, the larger the flow amount of air passing through
the indoor heating heat exchanger 12 is, the lower the
pressure of high-pressure is. When the flow amount of the air
is large, the basic pressure of high-pressure is lower as
compared with a small flow amount of the air. Therefore,
when the SCO is calculated as a larger value to increase the
ability Q, although the power W becomes large, however,
the basic power W is small. As a result, the coefficient of
performance becomes large. Thus, when the flow amount of
the air flowing through the indoor heating heat exchanger 12
is large, the SCO is calculated as a larger value.

In the step 180, firstly, the deviation ASC (=SC-SCO)
between SC and SCO is calculated, secondly increased
value AEVH of a valve opening degree of the heating
pressure reducer 24 according to the deviation ASC is
calculated by the map in FIG. 8 which is stored in ROM. The
upper limit EVH1 and the lower limit EVH2 of the AEVH
are determined to prevent the hunting of the SC.

In the step 190, the expansion valve opening degree EVH
is calculated by adding the AEVH to the present expansion
valve opening degree. In the step 200, the heating pressure
reducer 24 is so controlled that the real opening degree
becomes to the EVH. Then, it is returned to the step 120.

On the other hand, when the determination is NO in the
step 140, the process is jumped to the step 210, then it is
determined whether or not the operation mode which is
determined in the step 130 is the cooling operation mode.
When the determination is NO in the step 210, that is, when
the operation mode is not the heating operation mode and the
cooling operation mode, it is returned to the step 120. When
the determination is YES in the step 219, the supercooling
degree SC of the condensed liguid refrigerant in the outdoor
heat exchanger 22 is calculated by the following equation
(2) in the next step 220.

SC=fPdy-Tos @
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wherein, Tos is a detected value of the cooling outlet
temperature sensor 44.

Then, in the step 230, the target value (SCO) of the
supercooling degree is calculated. As shown in FIG. 9, the
higher the temperature of the fresh air or the larger the flow
amount of the air flowing through the indoor cooling heat
exchanger 11 is, the larger SCO is.

That is, in the summer having a high temperature of
outside air, when the temperature of the outside air becomes
high, the compressor 21 for cooling the passenger compart-
ment is more operated to ensure the cooling ability. Thus, the
high-pressure becomes high, so that the temperature of the
refrigerant in the outdoor heat exchanger 22 becomes high.
As a result, the difference of the temperature between the
refrigerant temperature and the outside air temperature
becomes large. That is, the heat radiation ability Q in the
outdoor heat exchanger 22 becomes large.

Thus, although the SCO is calculated as a larger value,
and as a resuit, the power W of the compressor 21 becomes
large, the heat radiation ability Q becomes larger than the
power W of the compressor 21. Therefore, when the tem-
perature of the outside air is high, the coefficient of perfor-
mance (COP) becomes large as compared with the case
when the outside air is low, the SCO is calculated as a larger
value.

Further, the larger the flow amount of the air flowing
through the indoor cooling heat exchanger 11 is, the larger
the heat absorbing amount in the indoor cooling heat
exchanger 11, so that the heat radiation amount in the
outdoor heat exchanger 22 also becomes large. Thus, even
when the SCO is calculated as a larger value, and as a result,
the power W becomes large, the heat radiation ability Q
becomes larger than the power W. Therefore, in such a case,
the SCO is calculated as a larger value.

In the step 240, firsily, the deviation ASC (=SC-SCO)
between SC and SCO is calculated, secondly increase and
decrease value AEVH of the valve opening degree of the
cooling pressure reducer 23 according to the deviation ASC
is calculated by the map in FIG. 10 which is stored in ROM.
The upper limit EVH] and the lower limit EVH2 of the
AEVH are determined to prevent the hunting of the SC.

In the step 250, the expansion valve opening degree EVH
is calculated by adding the AEVH to the present expansion
valve opening degree. In the step 260, the cooling pressure
reducer 23 is so controlled that the real opening degree
becomes to the EVH. Then, it is returned to the step 120.

When the determination is YES in both the steps 140 and
150, that is, when it is the heating operation mode and the
defroster switch 52e is input, the process of the steps 270
through 300, which is the main feature of the first
embodiment, are performed. Specifically, firstly, a deviation
of the discharge temperature ATd is calculated by the
following equation (3) in the step 270.

ATd=Td1-T1 3)

wherein, Td1 is an discharge refrigerant temperature which
is detected by the discharge temperature sensor 47, T1 is a
setting temperature which is set in advance as an enough
temperature to perform the defrosting of the front wind-
shield glass. That is, when the discharge refrigerant tem-
perature is more than the T1, the warm air passing through
the indoor heating heat exchanger 12 is blown from the
defroster air outlet 14 toward the inside surface of the front
windshield glass, so that the defrosting of the front wind-
shield glass can be sufficiently performed.

In the step 280, the increase and decrease value AKF of
a valve opening degree of the heating pressure reducer 24
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according to the deviation ATd of the discharge temperature
which js calculated in the step 270 is determined by search-
ing from the map in FIG. 11 which is stored in ROM.

In the step 290, the opening degree KF of the heating
expansion valve is calculated by adding the AKF to the
present expansion valve opening degree. In the step 300, the
heating pressure reducer 24 is so controlled that the real
opening degree becomes to the opening degree KF. Then, it
is returned to the step 120.

The map in FIG. 11 is so prepared that the increase and
decrease value AKF becomes less than zero when the
deviation ATd of the discharge temperature is less than zero,
and the AKF equals 0 when the ATd equals 0. Thus, as a
result of repeating the process of the steps 270 through 300,
the opening degree of the heating pressure reducer 24
becomes small until the ATd becomes zero, that is, until the
discharge refrigerant temperature of the compressor 21
becomes the setting temperature T1.

In defrosting in which the opening degree of the heating
pressure reducer 24 is so controlled that the discharge
refrigerant temperature becomes the setting temperature T1,
when the outside air temperature is low (for example, ~18°
C.), as shown in FIG. 12, the SC becomes b4, which is larger
than the SC (=b3) in the ordinary heating mode in which the
opening degree of the heating pressure reducer 24 is so
controlled that the COP is maximized.

Can be understood from FIG. 13, when the SC becomes
large, the opening degree of the heating pressure reducer 24
becomes small. Thus, when the outside air temperature is
low, the opening degree (the second opening) of the heating
pressure reducer 24 in the defrosting is smaller than the
opening degree (the first opening) of the heating pressure
reducer 24 in the ordinary heating mode.

As shown in FIG. 14, when the SC becomes large as
described above, the COP is decreased, however, on the
other hand, the discharge refrigerant pressure and the dis-
charge air temperature in the passenger compartment
become high. That is, in the first embodiment, in the
defrosting, the SC is increased until the discharge refrigerant
temperature of the compressor 21 becomes to the sefting
temperature T1. As a result, the discharge air temperature
becomes high.

As shown in FIG. 12, when the outside air temperature is
high (for exampie, 0° C.), the SC (=b1) in the defrosting is
smaller than the SC (=b2) in the ordinary heating mode.
Therefore, the opening degree (the second opening degree)
of the heating pressure reducer 24 in the defrosting is larger
than the opening degree (the first opening degree) of the
heating pressure reducer 24 in the ordinary heating mode.
Further, in FIG. 13, an experimental data when the outside
air temperature is 0° C. and the heat abstraction ability Q is
3.15 KW are shown, and in FIG. 14, an experimental data
when the outside air temperature is —18° C. is shown.

In the first embodiment described above, when the opera-
tion mode of the refrigerating cycle 20 is a mode other than
the heating operation mode, or when the operation mode of
the refrigerating cycle 20 is the ordinary heating mode
without inputting the defroster switch 52e, the opening
degree of the pressure reducer 23 or 24 is so controlled that
the COP is maximized. When the defroster switch 52e is
input in the defrosting mode, even if the heating pressure
reducer 24 is so controlled that the COP becomes a little
smaller, the discharge air temperature is made high.
Therefore, in the first embodiment, while performing the
power saving operation in the ordinary operation mode, the
defrosting of the front windshield glass can be sufficiently
performed.
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Further, in the first embodiment, the opening degree of the
heating pressure reducer 24 when the defroster switch 52¢ is
input is not conirolled to be excessively small to increase the
defrosting effect, the opening degree is made small until the
discharge refrigerant temperature Td1 becomes to the sefting
temperature T1. Therefore, the increase of the consumed
electric power of the compressor accompanied with the
decrease of the opening degree of the pressure reducer can
be minimized as needed.

Now, a second embodiment according to the present
invention will be described.

In the first embodiment, the setting temperature T1 in the
step 270 is so set that the defrosting of the front windshield
glass can be sufficiently performed. However, in the second
embodiment, the amount of electric current input to the
inverter 31 or the amount of the electric current output from
the inverter 31 is detected, the setting temperature T1 in the
step 270 may be so set that the amount of the electric current
becomes to a predetermined vatue. Here, the predetermined
amount of the electric current in the second embodiment is
a temperature in which the amount of heat generated by the
inverter 31 becomes an upper limit of the tolerance. Thus, in
this case, the amount of the heat generated by the inverter 31
is controlled, so that the inverter 31 can be normally kept on
operating.

In the second embodiment, when the outside air tempera-
ture is low, the opening degree (the second opening degree)
of the heating pressure reducer 24 in the defrosting is smaller
than the opening degree (the first opening degree) of the
heating pressure reducer 24 in the ordinary heating mode.

Next, a third embodiment according to the present inven-
tion will be described.

As shown in FIG. 15, a step 155 is further performed
between the step 150 and the step 270 in the above embodi-
ment. In the step 155, it is determined whether or not the
detected value of the outside air temperature sensor 41 is
lower than a predetermined temperature o. That is, it is
determined whether or not the outside air temperature is
approximately low enough to perform sufficiently the opera-
tion for the prevention of cloud, defogging, or defrosting of
the front windshield glass in the ordinary control. When the
determination is YES in all the steps 140 through 155, the
process of the steps 270 through 300 may be performed.

In FIG. 1S, when the determination is YES in the steps
140 and 150 and the determination is NO in the step 155,
that is, when the front windshield glass is hardly clouded, the
process of the steps 160 through 200 is performed.
Therefore, in the third embodiment, the more power saving
operation can be performed.

Then, a fourth embodiment according to the present
invention will be described now.

In each of the above embodiments, the system in which
the opening degree of the pressure reducer is so controlled
that the supercooling degree SC becomes the target super-
cooling degree is described. However, in the fourth
embodiment, means for detecting the air heating degree in
the indoor heating heat exchanger 12 is further provided, and
in the ordinary operation mode in which the operation for the
prevention of the cloud, defogging, or defrosting is not
operated, the opening degree of the pressure reducer (the
first opening) may be so controlled that the COP is maxi-
mized based on the detected value of the detecting means.

When the defroster switch 52e is input, the opening
degree of the pressure reducer (the second opening degree)
may be so controlled that the detected value of the detecting
means corresponds to a predetermined temperature where
the operation for the prevention of cloud, the defogging, or
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the defrosting of the front windshield glass can be
performed, or the discharge refrigerant temperature becomes
the setting temperature T1 as shown in the first embodiment,
or the electric current supplied to the inverter 31 becomes
the predetermined value as shown in the second
embodiment, or which are combined With each other.

In the fourth embodiment, the opening degree (the second
opening degree) of the heating pressure reducer 24 in the
defrosting mode becomes smaller than the opening degree
(the first opening) of the heating pressure reducer 24 in the
ordinary heating mode.

Then, a fifth embodiment according to the present inven-
tion will be described now.

In each of the above embodiments, the condenser (indoor
heating heat exchanger 12) is located in the air conditioning
duct 2, the air in the air conditioning duct 2 is directly heated
by the heat of the condensation of the condenser. However,
in the fifth embodiment, as show in FIG. 16, the condenser
is constructed by a refrigerant water heat exchanger 21
which heat exchanges with warm water in a warm water
circuit, the heat of the condensation heat generated in the
refrigerant water heat exchanger 21 is supplied to the warm
water in the warm water circuit 10 to heat the warm water.
The air in the air conditioning duct 2 may be heated by
flowing the warm water into a warm water type heat
exchanger 11 which is located in the air conditioning duct 2.

In FIG. 16, the reference numeral 33 denotes a fuel type
heater, the reference numeral 32 denotes a water pump, the
reference numeral 34 denotes a warm pipe, and the reference
numerals 26 and 27 denote solenoid valves.

Modifications of the embodiment are described.

The setting temperature T1 used in the step 270 may be
set as a temperature in which the compressor 21 can be
preserved.

Further, in the step 270, a deviation between the detected
value of the discharge pressure sensor 43 and the setting
pressure which is set to preserve the high-pressure is
calculated, then in the step 280, the increase and decrease
value of the valve opening degree may be calculated based
on the pressure deviation of high-pressure. In this case, the
defrosting effect can be increased to the extent that an
abnormal high pressure is not applied the indoor heating
heat exchanger 12 or the heating pressure reducer 24.

Further, the defrosting instruction signals gemerating
means may be constructed with such as a sensor for out-
putting a signal when the cloud degree of the front wind-
shield glass is more than a predetermined value.

Further, in each of the above embodiments, the present
invention is applied to an air conditioner for electric
vehicles. However, the present invention may be applied to
an air conditioner for engine driving vehicles and for rooms
in a house or building.

Although the present invention has been fully described in
connection with the preferred embodiments thereof with
reference to the accompanying drawings, it is to be noted
that various changes and modifications will become appar-
ent to those skilled in the art. Such changes and modifica-
tions are to be understood as being included within the scope
.of the present invention as defined in the appended claims.

What is claimed is:

1. An air conditioning apparatus comprising:

air blowing means for generating air flow;

a casing having an air passage therein, said air passage at
least having a defroster air outlet at one end for blowing
air generated by said air blowing means toward an
inside surface of a windshield;

arefrigerating cycle having a compressor for compressing
arefrigerant, a condenser for condensing the refrigerant

10

15

20

25

30

35

45

50

55

14

from said compressor to heat air in said air passage by
heat of condensation thereof, an electric expansion
valve for decompressing the refrigerant from said con-
denser and an evaporator for evaporating the refrigerant
from said electric expansion valve;

defrosting instruction signal generating means for gener-
ating a defrosting instruction signal which instructs a
defrosting of said windshield;

defroster air outlet opening/closing means for opening
and closing said defroster air outlet, said defroster
outlet opening/closing means open said defroster air
outlet to perform a defrosting of said windshield when
said defrosting instruction signal generating means
generates a defrosting instruction signal;

defrosting instruction signal determining means for deter-
mining whether said defrosting instruction signals gen-
erating means generates said defrosting instruction
signal;

first expansion valve control means in which an opening

degree of said electric expansion valve becomes a first
opening degree when said defrosting instruction signal
determining means determines that said defrosting
instruction signal is not generated; and

second expansion valve control means in which an open-

ing degree of said electric expansion valve becomes an
second opening degree which is smaller than said first
opening degree when said defrosting instruction signal
determining means determines that said defrosting
instruction signal is generated.

2. An air conditioning apparatus according to claim 1,
wherein said first opening degree is an opening degree in
which a coefficient of performance of said refrigerating
cycle is maximized.

3. An air conditioning apparatus according to claim 2,
wherein said first opening degree in which said coefficient of
performance of said refrigerating cycle is maximized is an
opening degree in which a supercooling degree of a liquid
refrigerant in said condenser becomes a predetermined
value.

4. An air conditioning apparatus according to claim 2,
further comprising:

heating degree detecting means for detecting a heating

degree of said condenser;’

wherein said first opening degree in which said coefficient

of performance of the refrigerating cycle is maximized
is an opening degree in which said heating degree
detected by said heating degree detecting means
becomes a predetermined value.

5. An air conditioning apparatus according to claim 4,
wherein said second opening degree is an opening degree in
which said heating degree detected by said heating degree
detecting means is larger than said predetermined value.

6. An air conditioning apparatus according to claim 1,
further comprising:

an electric motor for driving said compressor; and

discharge temperature detecting means for detecting tem-

perature of the refrigerant discharged from said com-
pressor;

wherein said second opening degree is an opening in

which the discharge refrigerant temperature detected by
said discharge temperature detecting means becomes a
predetermined value.

7. An air conditioning apparatus according to claim 1,
further comprising:

an electric motor for driving said compressor;
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an inverter for controlling an electric current supplied to
said electric motor; and

electric current detecting means for detecting the electric
current supplied to said inverter;

wherein said second opening degree is an opening in
which said current detected by said eleciric current
detecting means becomes a predetermined value.

8. An air conditioning apparatus according to claim 1,

further comprising:

outside air temperature detecting means for detecting

temperature of outside air; and

outside air temperature determining means for determin-
ing whether said outside air temperature detected by
said outside air temperature detecting means is less
than a predetermined value, '

wherein said expansion valve control means in defrosting
are so constructed that said opening degree of said
electric expansion valve is set to said first opening
when said defrosting instruction signal determining
means determines that said defrosting instruction signal
is generated and said outside air temperature determin-
ing means determines that said detected outside air
temperature is more than said predetermined value, and

said expansion valve control means in defrosting are so
constructed that said opening degree of said electric
expansion valve is set to said second opening degree
when said defrosting instruction signal determining
means determines that said defrosting instruction signal
is generated and said outside air temperature determin-
ing means determines that said detected outside air
temperature is less than said predetermined value.

9. An air conditioning apparatus according to claim 1,
wherein said condenser is installed in said air passage to heat
said air in said air passage by the heat of condensation
thereof.

10. An air conditioning apparatus according to claim 1,
wherein said air conditioning apparatus is for use in electric
vehicles.

11. An air conditioning apparatus comprising:

air blowing means for generating air flow;

a casing having an air passage therein, said air passage
having at least a defroster air outlet at one end for
blowing air generated by said air blowing means
toward an inside surface of a windshield;

arefrigerating cycle having a compressor for compressing
a refrigerant, a condenser for condensing the refrigerant
from said compressor to heat air in said air passage by
heat of condensation thereof, an electric expansion
valve for decompressing the refrigerant from said con-
denser and an evaporator for evaporating the refrigerant
from said electric expansion valve;
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defrosting instruction signal generating means for gener-
ating a defrosting instruction signal which instructs a
defrosting of said windshield;

defroster air outlet opening/closing means for opening
and closing said defroster air outlet, said defroster
outlet opening/closing means open said defroster air
outlet to perform a defrosting of said windshield when
a defrosting instruction signal is generated; and

control means for controlling an opening degree of said
electric expansion valve to a first opening degree when
a defrosting instruction signal is generated and for
controlling said opening degree of said electric expan-
sion valve to a second opening degree which is smaller
than said first opening degree when a defrosting
instruction signal generating means is not generated.

12. An air conditioning apparatus according to claim 11,
wherein said defrosting instruction signal generating means
is manually operated.

13. An air conditioning apparatus according to claim 11,
wherein said refrigerating cycle is a heat pump type refrig-
erating cycle.

14. An air conditioning apparatus according to claim 11,
further comprising:

outlet temperature detecting means detecting outlet refrig-
erant temperature of said condenser;

high pressure detecting means for detecting high pressure
of said refrigerant cycle; '

a control unit for controlling said electric expansion valve
so that a supercooling degree of liquid refrigerant in
said condenser is set to a predetermined target super-
cooling degree;

refrigerant supercooling degree calculating means for
calculating said supercooling degree of condensed lig-
uid refrigerant in said condenser based on the con-
densed temperature calculated from said high pressure
detected by said high pressure detecting means and said
outlet refrigerant temperature detected by said outlet
temperature detecting means; and

supercooling degree controlling means for controlling
said electric expansion valve in such a manner that said
supercooling degree calculated by said supercooling
degree calculating means is set to said target super-
cooling degree.

15. An air conditioning apparatus according to claim 14,

further comprising:

air amount detecting means for detecting air amount
passing through said condenser; and

target supercooling degree calculating means for calcu-
lating said target supercooling degree as a larger value
in accordance with the increase of said air amount
detected by said air amount detecting means.
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