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(57) ABSTRACT 

A Vehicle air conditioner includes an air-conditioning ECU. 
The air-conditioning ECU performs a cooling mode opera 
tion in Which air is cooled by an interior heat exchanger in a 
cooling refrigeration cycle. The air-conditioning ECU per 
forms a heating mode operation, in Which air is heated by the 
interior heat exchanger in a hot gas heater cycle. The air 
conditioning ECU performs an air bloWing operation in 
Which air is bloWn toWard an inner surface of a Windshield of 
the Vehicle Without operating the compressor before perform 
ing a refrigerant collecting operation. 

9 Claims, 5 Drawing Sheets 
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VEHICLE AIR CONDITIONER 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is based on and incorporates herein by 
reference Japanese Patent Application No. 2006-83568 ?led 
on Mar. 24, 2006. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a vehicle air conditioner. 
2. Description of Related Art 
A conventional vehicle air conditioner controls a tempera 

ture of air bloWn out from an evaporator by limiting a hot gas 
refrigerant capacity When it is determined that there is 
retained Water on the evaporator in a heating mode operation 
using a hot gas refrigerant. Through this control, a defogging 
effect is produced on a Windshield of a vehicle, and a heating 
capacity of the heating mode, in Which the hot gas refrigerant 
is used, is e?iciently created (e.g., JP2003-l5993lA corre 
sponding to US. Pat. No. 6,662,579). 

HoWever, When it is determined that there is not the 
retained Water, the hot-gas heating mode operation is started 
in the above conventional vehicle air conditioner if an outside 
air temperature is relatively high (e.g., —l0o C. to 5° C.) and 
humidity is high (e. g., relative humidity RH: 80% or higher). 
In this case, a fog is easily generated on the Windshield due to 
a little condensed Water Which is generated during a refriger 
ant collecting operation before the hot-gas heating mode 
operation, thereby reducing visibility of a driver of the 
vehicle. 

SUMMARY OF THE INVENTION 

The present invention addresses the above disadvantages. 
Thus, it is an objective of the present invention to provide a 
vehicle air conditioner, Which reduces a fog on a Windshield 
of a vehicle at the time of starting of a heating mode operation 
using a hot gas refrigerant. 

To achieve the objective of the present invention, there is 
provided an air conditioner for a vehicle. The air conditioner 
includes a compressor, an exterior heat exchanger, a cooling 
decompressor, an interior heat exchanger, and a control unit. 
The compressor is for compressing refrigerant. The exterior 
heat exchanger is for exchanging heat betWeen outside air 
outside of a vehicle compartment and refrigerant ?oWing 
therethrough. The cooling decompressor is for decompress 
ing refrigerant in a cooling mode operation. The interior heat 
exchanger is for exchanging heat betWeen air to be bloWn into 
the vehicle compartment and refrigerant ?oWing there 
through. The control unit is for performing the cooling mode 
operation and a heating mode operation. The control unit 
performs the cooling mode operation With a cooling refrig 
eration cycle, in Which refrigerant discharged from an outlet 
of the compressor is draWn to an inlet of the compressor after 
passing through the exterior heat exchanger, the cooling 
decompressor, and the interior heat exchanger in this order, so 
that the interior heat exchanger operates as an evaporator, in 
Which the refrigerant evaporates by absorbing heat from air to 
be bloWn into the vehicle compartment. The control unit 
performs the heating mode operation With a hot gas heater 
cycle, in Which refrigerant discharged from the outlet of the 
compressor ?oWs through the interior heat exchanger While 
bypassing the exterior heat exchanger through a hot gas 
bypassing path, so that the interior heat exchanger operates as 
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2 
a radiator, Which radiates heat to air to be bloWn into the 
vehicle compartment. The control unit performs a refrigerant 
collecting operation, in Which refrigerant staying in the exte 
rior heat exchanger is pushed out using refrigerant discharged 
from the compressor, before performing the heating mode 
operation. The control unit performs an air bloWing operation 
in Which air is bloWn toWard an inner surface of a Windshield 
of the vehicle Without driving the compressor, before per 
forming the refrigerant collecting operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together With additional objectives, features 
and advantages thereof, Will be best understood from the 
folloWing description, the appended claims and the accom 
panying draWings in Which: 

FIG. 1 is a schematic diagram shoWing a con?guration of a 
vehicle air conditioner according to an embodiment of the 
present invention; 

FIG. 2 is a block diagram shoWing a control construction of 
the vehicle air conditioner of the embodiment; 

FIG. 3 is a ?owchart shoWing control in a hot gas heating 
mode in the vehicle air conditioner of the embodiment; 

FIG. 4 is a time chart shoWing an example of an operation 
state of each unit at S120 to S140 in FIG. 3 and during a 
refrigerant collecting operation; 

FIG. 5 is a time chart shoWing an example of an operation 
state of each unit at S150 to S170 in FIG. 3 and during the 
refrigerant collecting operation; 

FIG. 6 is a graph shoWing a control characteristic of a 
defogging operating time that is used in a determination pro 
cess at S140 in FIG. 3 When bloWn air volume is at a Hi level; 

FIG. 7 is a graph shoWing a control characteristic of an 
engine coolant Water temperature TW, Which is used in a 
determination process at S170 in FIG. 3; 

FIG. 8A is a graph shoWing a control characteristic of an air 
conditioning operating time T1 during the refrigerant collect 
ing operation of the vehicle air conditioner of the embodi 
ment; and 

FIG. 8B is a graph shoWing a control characteristic of an air 
conditioning stopping time T2 during the refrigerant collect 
ing operation. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention Will be described 
With reference to draWings. 

With reference to FIGS. 1, 2, a schematic con?guration of 
a vehicle air conditioner according to an embodiment of the 
present invention Will be described. FIG. 1 is a schematic 
vieW that shoWs the schematic con?guration of the vehicle air 
conditioner according to the present embodiment. 
A compressor 10 is driven by a Water-cooled vehicle 

engine 12 via an electromagnetic clutch 11. A sWash plate 
type compressor of a ?xed displacement type, for example, 
may be employed for the compressor 10. A refrigerant dis 
charge side of the compressor 10 is connected to an inlet side 
of a condenser 14 via a cooling electromagnetic valve 13. An 
outlet side of the condenser 14 is connected to a receiver 15, 
Which receives a liquid refrigerant after a vapor-liquid sepa 
ration of the refrigerant. The condenser 14, together With the 
compressor 10 and the like, is disposed in a vehicle engine 
room. The condenser 14 is an outside heat exchanger, in 
Which heat is exchanged betWeen outside air bloWn by an 
electrically operated cooling fan 14a and the refrigerant that 
?oWs inside the condenser 14. 
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An outlet side of the receiver 15 is connected to a thermo 
static expansion valve 16, Which is a cooling decompression 
device. An outlet side of the thermostatic expansion valve 16 
is connected to an evaporator 18 via a check-valve 17. An 
outlet side of the evaporator 18 is connected to a suction side 
of the compressor 10 via an accumulator 19. The evaporator 
18 is disposed in an air-conditioning case 22. The evaporator 
18 is an inside heat exchanger, in Which heat is exchanged 
betWeen the air bloWn by an air-conditioning fan 23 and the 
refrigerant that ?oWs inside the evaporator 18. The thermo 
static expansion valve 16 controls a degree of valve opening 
such that a degree of superheat of the refrigerant at a refrig 
erant outlet of the evaporator 18 is approached to a predeter 
mined value in a cooling mode. The accumulator 19 receives 
the liquid refrigerant after the vapor-liquid separation of the 
refrigerant ?oWing from the evaporator. A gas refrigerant and 
a small amount of liquid refrigerant With oil in a bottom area 
of the accumulator 19 are draWn into the compressor 10. 

In this manner, a closed circuit from the refrigerant dis 
charge side of the compressor 10 to the suction side of the 
compressor 10 via the cooling electromagnetic valve 13, the 
condenser 14, the receiver 15, the thermostatic expansion 
valve 16, the check-valve 17, the evaporator 18, and the 
accumulator 19 sequentially constitutes a refrigeration cycle 
30 for cooling. 
A hot gas bypass path 20, through Which refrigerant ?oWs 

While bypassing the condenser 14 and the like, is provided 
betWeen the discharge side of the compressor 10 and an inlet 
side of the evaporator 18. A heating electromagnetic valve 21 
and a throttle 2111 are provided in series in the hot gas bypass 
path 20. The throttle 21a is a heating decompression means, 
and a ?xed throttle such as an ori?ce and a capillary tube may 
be employed for the throttle 21a. A closed circuit from the 
discharge side of the compressor 10 to the suction side of the 
compressor 10 via the heating electromagnetic valve 21, the 
throttle 21a, the evaporator 18, and the accumulator 19 
sequentially constitutes a hot gas heater cycle 40 for heating. 
An air path through Which air ?oWs toWard a vehicle inte 

rior is provided in the air-conditioning case 22. The air bloWn 
by the electrically operated air-conditioning fan 23 ?oWs 
through the air path of the air-conditioning case 22. The 
air-conditioning fan 23 is, for example, a centrifugal bloWer 
having a centrifugal fan, and driven by a bloWer motor 23a 
controlled by a bloWer drive circuit. Air volume that is bloWn 
by the air-conditioning fan 23 can be selected continuously or 
in stages by regulating a bloWer control voltage that is applied 
to the bloWer motor 23a. 

An outside air intake 70, Which takes in air outside a 
vehicle compartment (outside air), an inside air intake 71, 
Which takes in air inside the vehicle compartment (inside air), 
and an inside/outside air sWitch door 72 are provided near an 
intake side of the air-conditioning fan 23. The inside/outside 
air sWitch door 72 is driven by an actuator such as a servo 
motor via a linkage (not shoWn). The inside/ outside air sWitch 
door 72 sWitches betWeen, at least an outside air mode, in 
Which the outside air is taken in from the outside air intake 70 
and an inside air mode, in Which the inside air is taken in from 
the inside air intake 71. 

The refrigerant circulates in the refrigeration cycle 30 for 
cooling in the cooling mode, and air bloWn by the electrically 
operated air-conditioning fan 23 is cooled through evapora 
tion of the refrigerant (endotherm) in the evaporator 18. In a 
heating mode, a high-temperature refrigerant gas (hot gas) 
from the compressor 10 ?oWs into the evaporator 18 through 
the hot gas bypass path 20, and heats the air, so that the 
evaporator 18 serves as a radiator. 
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4 
In addition, a drain outlet 22a to drain Water generated by 

condensation in the evaporator 18 is provided near a loWer 
side of the evaporator 18 in the air-conditioning case 22. This 
condensed Water is drained to an outside of the vehicle 
through a drain pipe (not shoWn) that is connected to the drain 
outlet 22a. 
A Water heating heat exchanger 24, Which heats the bloWn 

air With engine coolant Water (hot Water) of the vehicle engine 
12 as a heat source, is provided on a doWnstream air side of the 
evaporator 18 in the air-conditioning case 22. A Warm Water 
valve 25, Which controls a How of the coolant Water, is pro 
vided in a Warm Water circuit betWeen the heating heat 
exchanger 24 and the vehicle engine 12. The heating heat 
exchanger 24 is a main heating means for heating the vehicle 
compartment. On the other hand, the evaporator 18 that serves 
as the radiator in the hot gas heater cycle 40 is an auxiliary 
heating means. 
A defroster air outlet 31 to bloW Warm air toWard an inner 

surface of a Windshield of the vehicle, a face air outlet 32 to 
bloW mainly cold air toWard an upper body of a vehicle 
occupant, and a foot outlet 33 to bloW mainly the Warm air 
toWard the vehicle occupant’s foot area are provided on a 
doWnstream air side of the heating heat exchanger 24 in the 
air-conditioning case 22. As Well, a plurality of mode sWitch 
doors 34, 35, 36, Which selectively open or close the defroster 
air outlet 31, the face air outlet 32 and the foot air outlet 33 
respectively, is rotatably provided. In addition, the mode 
sWitch doors 34, 35, 36 constitute an air outlet mode sWitch 
ing means, and are driven by an actuator such as the servo 
motor via a linkage (not shoWn). 
An air-conditioning electronic control unit (air-condition 

ing ECU) 26, Which is a control means, includes a microcom 
puter and its peripheral circuitry. The air-conditioning ECU 
26 performs predetermined processing according to a pro 
gram that is set beforehand to control the cooling electromag 
netic valve 13 and the heating electromagnetic valve 21 to 
open or close, and to control other electrical apparatuses such 
as the electromagnetic clutch 11, the cooling fan 14a, the 
air-conditioning fan 23, and the Warm Water valve 25 to 
operate. 

FIG. 2 is a block diagram shoWing a schematic con?gura 
tion of control of the vehicle air conditioner. As FIG. 2 shoWs, 
detection signals from a group of sensors, such as a Water 
temperature sensor 27a of the vehicle engine 12, an outside 
air temperature sensor 27b, an evaporator air temperature 
sensor 270, a pressure sensor 27d for a compressor discharged 
refrigerant pressure, an inside air temperature sensor 27e, and 
a solar radiation sensor 27f to detect the amount of solar 
radiation to the vehicle interior, are inputted into the air 
conditioning ECU 26. 

Through an operation of an air-conditioning operation 
panel 28, Which is provided near an instrument panel in the 
vehicle compartment, operation signals from a group of 
operation sWitches, such as an air-conditioning sWitch 2911, 
an air outlet mode selecting sWitch 29b, a temperature setting 
switch 290, a hot gas sWitch 29d, a bloWer sWitch 29e, and an 
inside/outside air selecting switch 29], are inputted into the 
air-conditioning ECU 26. 
The air-conditioning sWitch 29a is an operating sWitch, 

Which gives a command to start or stop the operation of the 
compressor 10, and serves as a cooling sWitch to set the 
cooling mode. The hot gas sWitch 29d is an operation sWitch 
to set the heating mode (hot gas heating mode) using the hot 
gas heater cycle 40, and serves as a heating sWitch. The air 
outlet mode selecting sWitch 29b is an operation sWitch to 
select an air outlet mode of the air conditioning. The tempera 
ture setting switch 290 is an operation sWitch to set a tem 
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perature in the vehicle compartment at a desired temperature. 
The blower switch 29e is an operation switch to give a com 
mand to turn on or off the air-conditioning fan 23 and to 
change the air volume to be blown. The inside/outside air 
selecting switch 29f is an operation switch to give a command 
to switch between the outside air mode, the inside air mode 
and a mix mode for mixing the outside air and the inside air. 

An operation of the vehicle air conditioner with the above 
con?guration will be described below. When the air-condi 
tioning switch 29a is turned on and the cooling mode is set, 
the air-conditioning ECU 26 controls the cooling electromag 
netic valve 13 to open, and controls the heating electromag 
netic valve 21 to close. After this, when the vehicle engine 12 
drives the compressor 10 with the electromagnetic clutch 11 
connected to the compressor 10 by the air-conditioning ECU 
26, the gas refrigerant on the discharge side of the compressor 
10 ?ows into the condenser 14 through the cooling electro 
magnetic valve 13, which is opened. Meanwhile, in the con 
denser 14, the refrigerant is cooled and condensed by the 
outside air that is blown by the cooling fan 1411. After passing 
through the condenser 14, the refrigerant separates into vapor 
and liquid in the receiver 15, and the liquid refrigerant alone 
is decompressed in the thermostatic expansion valve 16 and 
turned into a gas-liquid two-phase state with a low tempera 
ture and low pressure. 

Then, the low-pressure refrigerant passes through the 
check-valve 17 and ?ows into the evaporator 18. The refrig 
erant absorbs heat from air-conditioning air blown by the 
air-conditioning fan 23 and evaporates. The air-conditioning 
air cooled in the evaporator 18 is blown into the vehicle 
compartment to cool the vehicle compartment. The gas 
refrigerant that evaporates in the evaporator 18 is drawn into 
the compressor 10 via the accumulator 19 to be compressed. 

When the hot gas switch 29d is turned on in wintertime and 
the hot gas heating mode is set, the air-conditioning ECU 26 
controls the cooling electromagnetic valve 13 to close, and 
controls the heating electromagnetic valve 21 to open, 
thereby opening the hot gas bypass path 20. The high-tem 
perature gas refrigerant (overheated gas refrigerant) on the 
discharge side of the compressor 10 passes through the heat 
ing electromagnetic valve 21 that is opened, and ?ows into the 
evaporator 18 after being decompressed in the throttle 2111. 
That is, the overheated gas refrigerant (hot gas) from the 
compressor 10 ?ows into the evaporator 18 by bypassing the 
condenser 14 and the like. Meanwhile, the check-valve 17 
prevents the ?owing of the gas refrigerant in the hot gas 
bypass path 20 into the thermostatic expansion valve 16. 

Consequently, the refrigerant cycle is operated by the hot 
gas heater cycle 40, which includes the closed circuit from the 
discharge side of the compressor 10 to the suction side of the 
compressor 10 via the heating electromagnetic valve 21, the 
throttle 21a, the evaporator 18, and the accumulator 19 
sequentially. The hot gas refrigerant that is decompressed in 
the throttle 21a radiates heat to air passing through the evapo 
rator 18 to heat the blown air. The hot gas refrigerant, which 
radiates the heat in the evaporator 18, is drawn into the com 
pressor 10 via the accumulator 19 to be compressed. 

In addition, when a temperature of the engine coolant water 
is low (e.g., immediately after starting of the vehicle engine 
12), the air-conditioning fan 23 is controlled to warm up to 
start with small air volume. The blown air, which is heated in 
the evaporator 18 in the heating mode, is further heated in the 
heating heat exchanger 24 using hot water ?owing into the 
heating heat exchanger 24 via the warm water valve 25. As a 
result, even when it is in cold season, the vehicle air condi 
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6 
tioner can blow warmer air, which is heated by both the 
evaporator 18 and the heating heat exchanger 24, into the 
vehicle compartment. 

Next, an overall ?ow of an operation and control of the 
vehicle air conditioner in the hot gas heating mode according 
to the present embodiment will be described below. A proce 
dure for the control that the air-conditioning ECU 26 per 
forms is speci?cally shown in a ?owchart in FIG. 3. 

First, the control ?ow shown in FIG. 3 starts when the 
vehicle engine 12 is started (an ignition switch is turned on), 
and the air-conditioning ECU 26 determines whether the hot 
gas switch 29d of the air-conditioning operation panel 28 is 
turned on (step 100 (S100)). The air-conditioning ECU 26 
does not proceed to the next step 105 (S105) until it deter 
mines that the hot gas switch 29d is turned on. 
When the air-conditioning ECU 26 determines that the hot 

gas switch 29d is turned on, that is, when the hot gas heating 
mode is set, control proceeds to S105 to determine whether 
the air volume is set in an automatic (AUTO) operation mode. 
If the air volume is set in other than the automatic operation 
mode, that is, if predetermined air volume is manually set by 
the vehicle occupant, it is determined that the air volume is in 
a manual mode, and the control of the present embodiment is 
not performed, so that control does not proceed to the next 
step 110 (S110) until the automatic operation mode is set for 
the air volume. 
When it is determined that the automatic operation mode is 

set, the air-conditioning ECU 26 proceeds to S110 to deter 
mine whether temperature is set at a high temperature (Hi) or 
not. Temperature settings other than Hi include a case where 
the vehicle occupant manually sets the temperature in 
advance. 
When it is determined that the temperature is set at Hi at 

S110, the air-conditioning ECU 26 controls the air-condition 
ing fan 23 (blower) to operate at a high level (maximum) of 
blown air volume (Hi-level blown air volume) (step 120 
(S120)), and performs a blowing operation, in which the air 
outlet mode is set in a defroster mode (step 130 (S130)). In the 
defroster mode, air is blown toward an inner surface of a 
windshield of the vehicle. 

The operations at S120, S130 are continuously performed 
(step 140 (S140)) for a predetermined blowing time (e.g., a 
defogging operating time T0) according to the Hi-level blown 
air volume. The defogging operating time is a blowing time, 
during which the air is blown toward the windshield before a 
refrigerant collecting operation to restrict a fog on the wind 
shield, and is obtained through veri?cation experiments using 
an actual vehicle, simulations and the like according to the 
blown air volume. As shown in a time chart in FIG. 4, T0 is set 
at, for example, 120 seconds when the air volume is set at the 
Hi level (a blower voltage: 12V). 
The refrigerant collecting operation sets the refrigerant 

cycle in the cooling mode with the cooling electromagnetic 
valve 13 opened, and the heating electromagnetic valve 21 
closed, and starts the compressor 10 with the electromagnetic 
clutch 11 turned on. Consequently, the refrigerant circulates 
through the refrigerant cycle using a refrigerant circulation 
path in the cooling mode, thereby pushing out the refrigerant 
accumulated in the condenser 14 by the refrigerant dis 
charged from the compressor 10 to be collected in the evapo 
rator 18. The refrigerant collecting operation with the cooling 
mode performs for a predetermined time. 

Additionally, FIG. 4 is an example of the time chart show 
ing states of the air-conditioning switch 29a (A/C), the heat 
ing electromagnetic valve 21 (MG/ V), the air-conditioning 
fan 23 (BLOW), and the air outlet mode during S120 to S140 
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and the refrigerant collecting operation. The time chart shoWs 
each state When the blown air volume is set at the maximum 
(Hi) level. 
T0 (e.g., 120 seconds) in the time chart is the defogging 

operating time that is reckoned after the air-conditioning fan 
23 is turned on With the bloWn air volume at the maximum 
level and the air outlet mode is set in the defroster mode. 
When the antifog operating time T0 passes after the control is 
started, the air-conditioning sWitch 29a is turned on and 
counting of a compressor operating time T1 (e.g., 20 seconds, 
Which Will be describedbeloW in detail) during the refrigerant 
collecting operation is started. After the counting of T1 is 
?nished, the compressor 10 is stopped, and the heating elec 
tromagnetic valve 21 is sWitched to be opened. 
An example of a control characteristic of the defogging 

operating time, Which is stored in a storing means of the 
present embodiment, Will be described With reference to FIG. 
6. FIG. 6 is a diagram of the control characteristic, Which is 
used in the determination process at S140, and shoWs the 
control characteristic of the defogging operating time T0 in 
accordance With an outside air temperature Tam (0 C.) When 
the bloWn air volume is set at the maximum (Hi) level With its 
horizontal axis being the outside air temperature Tam (0 C.), 
and its vertical axis being the defogging operating time T0 
(sec). 
As shoWn in FIG. 6, When Tam is equal to or loWer than —20 

(o C.), T0 is 0 (sec), so that the defogging operating time is not 
set. When Tam is Within the range of —20 to —10 (o C.), T0 
increases linearly from 0 (Zero) to 120 (sec) as Tam increases. 
When Tam is equal to or higher than —10(0 C.), T0 is set at a 
?xed value of 120 (sec). 
When it is determined that the set temperature is tempera 

ture other than a high temperature Hi (e.g., in the automatic 
(AUTO) operation mode, in Which the vehicle occupant has 
set the temperature arbitrarily) at S110, the air-conditioning 
ECU 26 controls the setting for the air-conditioning fan 23 
(bloWer) to be predetermined air-bloWing volume (step 150 
(S150)), and sets the air outlet mode at the defroster mode 
(step 160 (S160)). The air-bloWing volume is set Within the 
range of Lo (voltage applied: 4V) at the time of the starting of 
the bloWer to Hi (voltage applied: 12V), in accordance With a 
difference betWeen the set temperature and an actual inside 
air temperature of the vehicle compartment. This setting of 
the air-bloWing volume restricts a sense of a cold Wind, and 
takes heating initiation properties into account. In the present 
embodiment, the air volume of the bloWer is set in advance, 
for example, With the voltage appliedbeing 6V in FIG. 5, such 
that the vehicle occupant does not feel the sense of the cold 
Wind in an initial state and that it has excellent defogging 
properties. 

Operations at S150, S160 are continuously performed 
(step 170 (S170)) until the temperature of the coolant Water of 
the vehicle engine 12 coincides With a predetermined tem 
perature TW. The predetermined temperature TW is obtained 
through the veri?cation experiments using the actual vehicle, 
simulations and the like, such that the Warm Water, the tem 
perature of Which has increased to the predetermined tem 
perature TW, ?oWs into the heating heat exchanger 24, and 
the air heated in the heating heat exchanger 24 is bloWn 
toWard the Windshield before the refrigerant collecting opera 
tion, so as to prevent the fog on the Windshield at the time of 
the starting of the refrigerant collecting operation. In addi 
tion, the predetermined temperature TW is stored in advance 
in the storing means of the air-conditioning ECU 26. 

FIG. 5 is a time chart, Which shoWs the states of the air 
conditioning sWitch 29a (A/C), the heating electromagnetic 
valve 21 (MG/V), the air-conditioning fan 23 (BLOW), and 
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8 
the air outlet mode (MODE) during S150 to S170 and the 
refrigerant collecting operation, as an example. 
TWO in FIG. 5 is a time that is estimated to be necessary for 

the temperature of the coolant Water of the vehicle engine 12 
to coincide With the predetermined temperature TW (in this 
example, 30° C.). The estimated time TWO is obtained 
through the veri?cation experiments using the actual vehicle, 
simulations and the like. Instead of the determination process 
at S170, the air-conditioning ECU 26 may determine that the 
temperature of the coolant Water coincides With the predeter 
mined temperature TW by the end of the counting of the 
estimated time TWO. 

As shoWn in FIG. 5, When the control system is started, the 
air-conditioning fan 23 (BLOW) is controlled to operate With 
the bloWn air volume, Which is set in the automatic operation 
mode. At the same time, after the defroster mode is set, the 
counting of the estimated time TWO is started. When the 
counting of the estimated time TWO is ?nished, the counting 
of the compressor operating time T1 (e. g., 20 seconds, Which 
Will be described beloW in detail) during the refrigerant col 
lecting operation is started. When the counting of the com 
pressor operating time T1 is ?nished, the compressor 10 is 
stopped, and the heating electromagnetic valve 21 is sWitched 
to be opened. 
An example of control characteristics of the predetermined 

temperature TW of the coolant Water, Which is stored in the 
storing means of the present embodiment, and the estimated 
time TWO for the predetermined temperature TW Will be 
described With reference to FIG. 7. FIG. 7 shoWs the control 
characteristics of the predetermined temperature TW of the 
coolant Water in the automatic operation mode, With its hori 
Zontal axis being the outside air temperature Tam (0 C.), and 
its vertical axis being the predetermined temperature TW (0 
C.) of the coolant Water. 
As shoWn in FIG. 7, When Tam is equal to or loWer than 

—100 C., TW increases approximately linearly from —35° C. 
to 30° C. as Tam increases. When Tam is equal to or higher 
than —100 C., TW is set at a ?xed value of30o C., for example. 
In other Words, TW:30o C. is the temperature of the coolant 
Water, in Which a defogging effect on the Windshield deter 
mined based on the results of the experiments using the actual 
vehicle is expected. TWO is stored beforehand in the storing 
means as a time, Which is necessary for the temperature of the 
coolant Water to coincide With 30° C. 

Additionally, steps S100 to S170 indicate processing in 
Which the air is bloWn toWard the inner surface of the Wind 
shield to restrict the fog on the Windshield in the hot gas 
heating mode before the starting of the refrigerant collecting 
operation. The air-conditioning ECU 26 may perform pro 
cessing to start the refrigerant collecting operation immedi 
ately after this processing is ?nished, although this processing 
is not shoWn in the ?owchart in FIG. 3. In such a case, the 
air-conditioning ECU 26 does not perform the next step 180 
(S180), but carries out step 210 (S210) to start a hot gas 
operation, and returns to the START of FIG. 3 to repeat a 
series of steps. 

In this manner, the air-conditioning ECU 26 controls the air 
conditioning components so as to bloW the air toWard the 
inner surface of the Windshield of the vehicle under certain 
conditions before the starting of the refrigerant collecting 
operation. Accordingly, the Windshield is heated in advance 
in the air bloWing processing before the starting of the refrig 
erant collecting operation, so that the fog on the Windshield 
that is caused by the amount of retained Water, Which includes 
the amount of condensed Water generated during the refrig 
erant collecting operation, can be restricted. 
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Furthermore, after this air blowing processing and before 
the refrigerant collecting operation, the air-conditioning ECU 
26 may perform the folloWing processing, in Which the 
retained Water in the evaporator 18 is determined and an air 
temperature Teva ?oWing out of the evaporator 18 is con 
trolled. First, the air-conditioning ECU 26 determines 
Whether Water is retained in the evaporator 18 (S180). The 
amount A of the retained Water at S180 can be calculated 

basically by an equation AIA (stored)+A (condensed)-A 
(evaporated)-A (drained). Here, A is the amount of the 
retained Water in the evaporator, A (stored) is a stored amount 
of the retained Water, A (condensed) is the amount of the 
condensed Water, A (evaporated) is the amount of evaporated 
Water, and A (drained) is the amount of drained Water. 

The stored amount A (stored) of the retained Water is cal 
culated and stored in the storing means of the air-conditioning 
ECU 26 When a predetermined time elapses after the engine 
is stopped at previous time. The amountA (condensed) of the 
condensed Water is a Water amount generated on the evapo 
rator 18 in the cooling mode. The amount A (evaporated) of 
evaporated Water is a Water amount that is evaporated in the 
heating mode. The amount A (drained) of drained Water is a 
drained Water amount While the compressor 1 0 is left stopped. 
When the amount of the retained Water in the evaporator 18 

is approximately 0 (Zero), the condensed Water does not 
evaporate in the evaporator 18 even if the evaporator 18 serves 
as the radiator of the hot gas refrigerant, so that the fog on the 
Windshield is not caused. Thus, When it is determined that the 
amount of the retained Water in the evaporator 18 is approxi 
mately 0 (Zero) at S180, the air-conditioning ECU 26 ener 
giZes the electromagnetic clutch 11 to connect (ON) the elec 
tromagnetic clutch 11 to the compressor 10 (S210). 

Through this control, the compressor 10 is driven by the 
vehicle engine 12 via the electromagnetic clutch 11 to be 
turned on (ON), and the refrigerant collecting operation, 
Which is a preparative operation for the hot gas heating opera 
tion, is started. Then, after the starting of the hot gas heating 
operation, the air-conditioning ECU 26 returns to the START 
of FIG. 3 to repeat a series of steps. 
On the other hand, When the air-conditioning ECU 26 

determines that the Water is retained in the evaporator 18 at 
S180, it is determined Whether the temperature Teva of air 
?oWing out of the evaporator 18 is higher than a temperature 
TWs of the Windshield at step 190 (S190). The temperature of 
air ?oWing out of the evaporator 18 is detected by the evapo 
rator air temperature sensor 270. The temperature TWs of the 
Windshield is a temperature of the inner surface of the Wind 
shield of the vehicle, and is calculatedbased on the outside air 
temperature Tam and an increased amount of temperature due 
to the air (Warm air) bloWn into the vehicle interior. 

The temperature TWs of the Windshield is the same as the 
outside air temperature Tam in an initial state before the 
starting of the air-conditioning operation. When the Warm air 
is bloWn into the vehicle interior by setting the heating mode, 
the temperature of the Windshield increases. Hence, given 
ATWs, Which is the increased amount of the Windshield tem 
perature due to the Warm air bloWn into the vehicle interior, 
the Windshield temperature TWs is calculated by an equation, 
TWs:Tam+ATWs. 

The air-conditioning ECU 26 shuts off (OFF) the energi 
Zation of the electromagnetic clutch 11 to stop (OFF) the 
compressor 10 (step 200 (S200)) When the temperature Teva 
of air ?oWing out of the evaporator 18 is higher than the 
Windshield temperature TWs. On the other hand, When the 
temperature Teva on the air bloWing side of the evaporator 18 
is equal to or loWer than the Windshield temperature TWs, the 
air-conditioning ECU 26 energiZes the electromagnetic 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
clutch 11 to connect (ON) the electromagnetic clutch 11 to the 
compressor 10 (S210). Through this control, the compressor 
10 is driven by the vehicle engine 12 via the electromagnetic 
clutch 11, and is turned on (ON). Accordingly, the refrigerant 
collecting operation is started as described above, and then 
control returns to the START of FIG. 3 to repeat a series of 
steps. 

In addition, the determination process at S190 is carried out 
based on a control characteristic of a relationship betWeen the 
Windshield temperature TWs, in Which the fog is not generated 
on the Windshield, and the temperature Teva on the air bloW 
ing side of the evaporator 18. The control characteristic is 
determined based on a fogging limit line that is obtained from 
the results of the experiments, through Which the defogging 
effect in the hot gas heating mode of the vehicle air condi 
tioner is veri?ed. The control characteristic is stored in 
advance in the air-conditioning ECU 26. The fogging limit 
line is expressed in a linear equation With its horizontal axis 
being the Windshield temperature TWs, and its vertical axis 
being the temperature Teva on the air bloWing side of the 
evaporator 18. 
More speci?cally, When the Windshield temperature TWs 

varies, by controlling the temperature Teva on the air bloWing 
side of the evaporator 18 to be a temperature, Which corre 
sponds to the temperature that is equal to or loWer than the 
Windshield temperature TWs on the fogging limit line, the fog 
on the Windshield can be prevented. In other Words, since the 
temperature Teva on the air bloWing side of the evaporator 18 
on the fogging limit line is slightly higher than the Windshield 
temperature TWs, the controlling of the temperature Teva on 
the air bloWing side of the evaporator 18 to be equal to or 
loWer than the Windshield temperature TWs as in the process 
ing at S190, S200 can ensure that the fog on the Windshield is 
restricted. 

At S180, S190, S200 as above, the controlling ofan opera 
tion of the compressor 10 can control the temperature on the 
air bloWing side of the evaporator 18 to be equal to or loWer 
than the Windshield temperature. Through this control, even 
though the air bloWn into the vehicle compartment contacts 
the Windshield to be cooled to a similar temperature to the 
Windshield, relative humidity of the bloWn air from the evapo 
rator 18 only increases to a value. That is, the temperature on 
the air bloWing side of the evaporator 18 is controlled, such 
that the air bloWn into the vehicle compartment does not reach 
a deW point even if it is cooled by the Windshield. 

Accordingly, even if a large amount of condensed Water 
evaporates in the evaporator 18, by performing the control at 
S180, S190, S200 together With the processing, in Which the 
air is bloWn toWard the Windshield of the vehicle before the 
refrigerant collecting operation is started, the defogging 
effect can be produced signi?cantly on the Windshield. 

Additionally, a time for the refrigerant collecting operation 
includes the minimum operating time (air conditioning oper 
ating time) T1 of the compressor 10 to collect the refrigerant 
and a stopping time (air conditioning stopping time) T2, 
during Which the operation of the compressor 10 is stopped 
after the operating time T1 elapses. FIG. 8A is a diagram 
shoWing a control characteristic of the air conditioning oper 
ating time T1 in accordance With the outside air temperature 
Tam during the refrigerant collecting operation. FIG. 8B is a 
diagram shoWing a control characteristic of the air condition 
ing stopping time T2 in accordance With the outside air tem 
perature Tam. 
As shoWn in FIGS. 8A, 8B, in the refrigerant collecting 

operation, Which is started at S210, When the outside air 
temperature Tam is equal to or higher than a predetermined 
outside air temperature (e.g., —l0° C.), it is preferable that the 
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air conditioning operating time T1 or the air conditioning 
stopping time T2 should be controlled to be a shorter time 
than When the outside air temperature Tam is loWer than the 
predetermined outside air temperature. For example, T1 is set 
at 30 (sec) When the outside air temperature Tam is loWer than 
—20° C. T1 decreases linearly as Tam increases When Tam is 
betWeen —20° C. to —l0° C. T1 is set at a ?xed value of 20 
(sec) When Tam is equal to or higher than —l0° C. T2 
decreases linearly as Tam increases When Tam is loWer than 
—l0° C. T2 is set at a ?xed value of 0 (sec) When Tam is equal 
to or higher than —l0° C. 

The air-conditioning ECU 26 of the vehicle air conditioner 
of the present embodiment can perform the control to bloW 
the air toWard the inner surface of the Windshield of the 
vehicle Without operating the compressor before the refrig 
erant collecting operation is carried out. According to this 
control, because the Windshield is heated before the refriger 
ant collecting operation is performed, the air-conditioning air 
that is bloWn in the refrigerant collecting operation before the 
starting of the hot gas operation is cooled to such an extent 
that it does not reach the deW point. Consequently, the fog on 
the Windshield due to air from the evaporator 18, Which 
includes the amount of the condensed Water during the refrig 
erant collecting operation, can be restricted. 

Moreover, the Warm air can be bloWn continuously toWard 
the inner surface of the Windshield for a time before the 
air-conditioning ECU 26 performs the refrigerant collecting 
operation. When this air-bloWing control is employed before 
the refrigerant collecting operation, Wasted bloWn air for 
preventing the fog can be restricted, and all air-bloWing 
operation can be effectively performed. For example, the 
air-conditioning ECU 26 may perform air-bloWing operation 
toWard the Windshield for a predetermined time by the air 
volume that is set by a user of the vehicle or that is set by the 
control means in the automatic operation mode, or the air 
conditioning ECU 26 may continue the air bloWing operation 
for the time (TWO) that is necessary for the temperature of the 
coolant Water of the vehicle engine 12 to coincide With the 
predetermined temperature (TW:30o C.). 

Furthermore, the air-conditioning ECU 26 may perform 
the air-bloWing operation toWard the inner surface of the 
Windshield of the vehicle before the refrigerant collecting 
operation is carried out until the temperature of the coolant 
Water of the vehicle engine 12 coincides With the predeter 
mined temperature (TW:30o C.). When this control is 
employed, the defogging effect above a certain level can be 
produced regardless of the bloWn air volume. 

Besides, the air-conditioning ECU 26 may perform the 
air-bloWing operation With a predetermined air volume 
toWard the inner surface of the Windshield of the vehicle 
before the refrigerant collecting operation is carried out until 
the temperature of the coolant Water of the vehicle engine 12 
coincides With the predetermined temperature TW, or until 
the time TWO, Which is necessary for the temperature of the 
coolant Water of the vehicle engine 12 to coincide With the 
predetermined temperature TW, elapses. The predetermined 
air volume is set based on the sense of the cold Wind in the 
initial state and the antifog properties on the Windshield. For 
example, When the temperature is set at Hi, the bloWn air 
volume of the bloWer may be set at the Hi (maximum) level. 
When the temperature is set at other than Hi, the bloWn air 
volume of the bloWer may be set at an M1 (?rst intermediate 
air volume) level or an M2 (second intermediate air volume) 
level, at Which the vehicle occupant does not feel the sense of 
the cold Wind in an initial state and excellent antifog proper 
ties are manifested. 
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This control can further ensure that a temperature of the 

surface of the Windshield before the refrigerant collecting 
operation is carried out is increased to a temperature, Which is 
necessary for the antifogging. 

In addition, the air-conditioning ECU 26 may perform the 
air-bloWing operation toWard the inner surface of the Wind 
shield of the vehicle before the refrigerant collecting opera 
tion is carried out When the outside air temperature is equal to 
or higher than —l0° C. When this control is employed, the 
air-conditioning ECU 26 does not bloW the air toWard the 
inner surface of the Windshield When the temperature of the 
Windshield is loWer than —l0° C., Where a temperature of the 
bloWn air does not readily reach the deW point. Therefore, 
operating e?iciency of the vehicle air conditioner can be 
improved. 

Other Embodiment 

Thus far, the example embodiment of the present invention 
has been described. Nevertheless, the present invention may 
not be by any means limited to the above embodiment, and it 
can be embodied by making various changes Without depart 
ing from the scope of the invention. 
As can be seen from the ?owchart in FIG. 3, after the air is 

bloWn toWard the inner surface of the Windshield (S100 to 
S170) before the refrigerant collecting operation is started, 
the refrigerant collecting operation is not started (S180 to 
S210) until the amount of the retained Water in the evaporator 
18 becomes approximately 0 (Zero), or until a temperature of 
the air on the bloWing side of the evaporator 18 is reduced to 
equal to or loWer than the predetermined temperature, in 
Which the temperature of the air on the blowing side of the 
evaporator 18 does not reach the deW point even if it is cooled 
by the Windshield. In addition to such a series of steps, for 
example, the refrigerant collecting operation may be started 
immediately instead of performing S180 to S210, after the air 
bloWing processing (S100 to S170) is carried out in an other 
embodiment of the present invention. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. The invention in its broader 
terms is therefore not limited to the speci?c details, represen 
tative apparatus, and illustrative examples shoWn and 
described. 

What is claimed is: 
1. An air conditioner for a vehicle, comprising: 
a compressor for compressing refrigerant; 
an exterior heat exchanger for exchanging heat betWeen 

outside air outside of a vehicle compartment and refrig 
erant ?oWing therethrough; 

a cooling decompressor for decompressing refrigerant in a 
cooling mode operation; 

an interior heat exchanger for exchanging heat betWeen air 
to be bloWn into the vehicle compartment and refrigerant 
?oWing therethrough; and 

a control unit for performing the cooling mode operation 
and a heating mode operation, Wherein: 
the control unit performs the cooling mode operation 

With a cooling refrigeration cycle, in Which refriger 
ant discharged from an outlet of the compressor is 
draWn to an inlet of the compressor after passing 
through the exterior heat exchanger, the cooling 
decompressor, and the interior heat exchanger in this 
order, so that the interior heat exchanger operates as 
an evaporator, in Which the refrigerant evaporates by 
absorbing heat from air to be bloWn into the vehicle 
compartment; 
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the control unit performs the heating mode operation 
With a hot gas heater cycle, in Which refrigerant dis 
charged from the outlet of the compressor ?oWs 
through the interior heat exchanger While bypassing 
the exterior heat exchanger through a hot gas bypass 
ing path, so that the interior heat exchanger operates 
as a radiator, Which radiates heat to air to be bloWn 
into the Vehicle compartment; 

the control unit performs a refrigerant collecting opera 
tion, in Which refrigerant staying in the exterior heat 
exchanger is pushed out using refrigerant discharged 
from the compressor, before performing the heating 
mode operation; and 

the control unit performs an air bloWing operation in 
Which air is bloWn toWard an inner surface of a Wind 
shield of the Vehicle Without driving the compressor, 
before performing the refrigerant collecting opera 
tion. 

2. The air conditioner according to claim 1, Wherein the 
control unit continues to perform the air bloWing operation 
toWard the inner surface of the Windshield of the Vehicle for a 
time, Which is stored in advance and corresponds to a How 
amount of air bloWn toWard the inner surface of the Wind 
shield, before performing the refrigerant collecting operation. 

3. The air conditioner according to claim 1, further com 
prising a Water heat exchanger for heating air to be bloWn into 
the Vehicle compartment With coolant Water of a Vehicle 
engine as a heat source, Wherein the control unit performs the 
air bloWing operation toWard the inner surface of the Wind 
shield of the Vehicle until a temperature of the coolant Water 
of the Vehicle engine coincides With a predetermined tem 
perature, before performing the refrigerant collecting opera 
tion. 

4. The air conditioner according to claim 1, further com 
prising a Water heat exchanger for heating air to be bloWn into 
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the Vehicle compartment With coolant Water of a Vehicle 
engine as a heat source, Wherein the control unit continues the 
air bloWing operation toWard the inner surface of the Wind 
shield of the Vehicle for a time, Which is necessary for the 
temperature of coolant Water of the Vehicle engine to coincide 
With a predetermined temperature, before performing the 
refrigerant collecting operation. 

5. The air conditioner according to claim 1, further com 
prising a Water heat exchanger for heating air to be bloWn into 
the Vehicle compartment With coolant Water of a Vehicle 
engine as a heat source, Wherein the control unit performs the 
air bloWing operation toWard the inner surface of the Wind 
shield of the Vehicle With a predetermined air Volume until the 
temperature of coolant Water of the Vehicle engine coincides 
With a predetermined temperature, or until a time, Which is 
necessary for the temperature of the coolant Water to coincide 
With the predetermined temperature, elap ses, before perform 
ing the refrigerant collecting operation. 

6. The air conditioner according to claim 1, Wherein the 
control unit performs the air bloWing operation toWard the 
inner surface of the Windshield of the Vehicle before perform 
ing the refrigerant collecting operation When a temperature of 
outside air outside of the Vehicle compartment is equal to or 
higher than a predetermined temperature. 

7. The air conditioner according to claim 6, Wherein the 
predetermined temperature is —100 C. 

8. The air conditioner according to claim 1, further com 
prising a bloWer forbloWing air into the Vehicle compartment, 
Wherein the control unit controls an air amount bloWn from 
the bloWer in the air bloWing operation. 

9. The air conditioner according to claim 1, further com 
prising a heating decompressor for decompressing refrigerant 
before ?oWing into the interior heat exchanger in the hot gas 
heater cycle during the heating mode operation. 

* * * * * 


