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VEHICLE AIR CONDITIONER WITH
WINDSHIELD ANTI-FOG FEATURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

Thc prcscnt application is related to, and claims priority
from, Japancsc Patent Application Nos. Hci. 10-319520,
10-334388 and 11-230791, the contents of &vhich arc incor-
poralecf herein by reference.

BACKGROUND OF THE INVENTION

1. Fiekf of Ihe Invention
The present invention relates generally to vehicle air

conditioners, and more particularly to an air coiiditioner
with an inside heat exchanger (or evaporator) that is con-
trolled to opcratc either in a heating or a cooling mode, and
that is conlrollecf so that water condensed thereon ts pre-
vented from fogging Ihe insicfe of a vehicle windshield at Ihe.

start of Ihe heating mocfe.

2. Rclatccl Art
In a conventional vehicle air conditioner, hot water (or

cnginc cooling water) is circulated in a heating heat
exchanger during cold weather so that air to be conditioned
may be healed via Ihe hot water. In Ibis case, when Ihe hot
water temperature is low, the temperature of air to be.

conditioned may he insufficient for vehicle compartment
heating purposes

.Iapanese Patent Application Ilei 5-2728L7, describes a
rcfn cratin cycle system having a hot gas heater cycle
heating function When thc hot water temperature is lower
than a predetermined value as at the engine starting time, Ihe
above system causes compressor dischargecf gas molant (or
hot gas) to be introduced into an evaporator while bypassing
a condenser to release the heat from the gas coolant to the
air to he conditioned in the evaporator In the above system,
morc specifically, thc evaporator, or a common inside heat
cxchan cr chsposcd in an air conditioner duct, is selectively
used as a cooler in Ihe cooling mode and a raduitor in Ihe.

heahng mode.
In the air conditioner discussecf above, an inside air mode.

may be set for preventing contaminated outside air from
being introduced during cold iveather operation of the
heating mode. In this case, it is necessary for thc evaporator
to both cool and dehumidify thc air to be conditioned to
prcvcnt thc windshield from fo in . Until thc ambient air
drops lo 0'., therefore, the refrigerating cycle may be
operatecf in the cooling mode.

In Ihe case, the temperature of. Ihe evaporator lluctuates
greatly as a result of the intermittent compressor operation
(fenerally, when the ambient temperature drops to or below
0''., thc compressor is stopped. When a variable displace-
ment type compressor is used, however, the evaporator
temperature can be more stably controlled with less evapo-
rator temperature lluclualion by conlrolhng the low cycle.
pressure (or coolant evaporation pressure) via impresser
displacement. I'herefore, the compressor is operated so that
the evaporator operates in a cooling.dehmnidifying mode
cvcn when thc ambient temperature is af&out -10'.

On thc other hand, thc hot gas heater cycle performs an
auxiliary heating function in addition to the main heating
funchon of Ihe hol water type heaung heal exchanger and is
usecf in an ambient temperature range as low as about +f0'

.Lust after the refrigerating cycle is used at an ambient
temperature of about O' in the cooling mode for prevent-

mg Lhe fogging of the windshielcl, therefore, the mode may
he switched to the heatin mode due to insutyicient heating
capacity at the hot water heatin heat exchanger.

When thc hot gas heater cycle is switchecl to a heating
mode, however, the evaporator, having fuel operated in the
cooling aml dehumichlying modes, is changecl all at once to
Ihe hot as heahng mode so that Ihe temperature of the
evaporator abruptly rises. Therefore, water that condensed
on the surface of the evaporator at the time nf the cooling

'" mode evaporatcs again, and is carriccl by thc conditionccl air
into the vchiclc passen cr con&portment, whcrc it causes thc
insicle of the vehicle windshield lo fog

The condensed &vater once enerated in the evaporator
during the coolin mode operation does not easily evaporate

is at low anibicnt temperature in winter and may remain for a

long time. Even just after s&vitching from thc coohng moclc
(that is, cvcn if thc coolin mode is not used for a iong time),
Iherefore, the vehicle windshield may iog at the start of Lhe

hot gas heater cycle heating mode.
o

SUMMARY OF THE INVENTION

In view of the aforementioned limitations, it is an ohfect
of thc present invention to suppress vchiclc windshield
fog in durin operation of a hot as heater cycle heatingzs
mode.

In order to realize the above-menuoned object, the present
mvenuon prov&iles an air comhnoner for inhibiung ioggin ~

of a vehicle &vindshield. The air conditioner includes a

refrigerating cycle including an inside heat exchanger, a

compressor, an outside heat exchanger, and a hrst expansion
valve connected in circuit. A hot gas hcatcr cycle, which
bypasses thc above outsiclc heat exchanger, includes thc
insicle heat exchanger, Lhe compressor, amf a second expan-
sion valve connecied in circuit. An air concfiuoner duct in
which the inside heat exchanger is disposed for conditioning
air blown therethrough

The air conditioner also includes a controller for deter-
mining whcthcr thc windshield will fog, and for limiting

so operation of thc hot as heater cycle when it is determined
that the windshield will fog. Thc controlln may perform
such operauons based on one oi several chfferent parameters,
mcluchng engine coohng water temperature, outs&cfe air
temperature, both engine coolin water temperature and
outside air temperature, or mapped values correlating en gme
cooling water tcniperaturc ancl outsiclc air temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a system diagram of a lirst embodiment of Lhe

SO present invenuon,
FIG. 2 is a liow diagram showing heaung mode mntrol of

the hrst embodiment;
I'IG. 3 is a system diagram of a second embodiment of the

present invention;
I'IG. 4 is a longitudinal section of a variable displacement

compressor to be usccl in thc scconcl cmbocliment;
FIG. 5 is a section of a main portion of a displaccmcnt

varying mechanism of thc variable displaccmcnt compressor

„,, of. FIG. 4,

FIGS. 6A and 6B are diagrams illustrating displacement
varying characteristics of the variable displacement com-
pressor of l&IG. 4;

11G. 7 is a flo&v dia ram showing control in a heating
as mode by the second enibodimcnt;

I'IG. 8 is a ffow diagram showing control in a heating
mode hy a third embodiment;



FIG. 9 is a tlow diagram showing control in a heaung
mode f&y a fourth embodiment;

FIG. 10 is a flow diagram showing control in a heating
mode by a fifth cmbodimcnt;

FIG. 11 is a characienstic ihagram dlustraung a method of.

determining an evaporator control temperature in a heating
mode by a sixth embodiment;

FIG. 12 is a system construction diagram showing thr
enttre construction of a seventh embodiment of. the inven-
tion,

I'IG. 13 is a block diagram of an electronic control system
of thc scvcnth cmbodimcnt;

FIG. 14 is a tlow ihagram showing control by the seventh
emboihment,

I'IG 15 is a diagram illustrating a specific example of the
limit of a windshield fog determination and a hot gas heating
mode operation by thc seventh embodiment;

FIG. 16 is a ifiagram illustrating another example of Ihe
limit of the windshield fog determination and the hot gas
heating mode operation by the seventh embodiment;

FIG. 17 is a diagram illustrating still another example of
the limit of the winifshield fog determination aml the hot gas
heating mode operation by the seventh embodiment, aml

I'IG. 18 is a diagram illustrating a further example of the
limit of thc windshield fog determination and thc hot gas
heating mode operation by the seventh embodiment.

f)ES('.RIP'I1ON Ol'ill.'RL'f&L'RRI.'I)
EMBODIMENTS

The inventinn will be described in connection with its
cmborhmcnts with rcfercncr to thc accompanying drawings.
[First Embodiment]

FIG. I shows the lirsi emborfimeni of Ihe present inven-
tion in applierf to a refugerating cycle system in a vehicle air
condittoner. A compressor 10, which is a lixed displacement
type swash plate cnmpressor, for example, is driven through
an electromagnetic clutch 11 by a water-cooled engine 12

Thc discharge side of thc compressor 10 is connected
throu h a cooling first solenoid valve 13 to a condenser 14,
the outlet safe of. which is connecierf Io a receiver 15 for
reserving a liquid coolant by separating the gas and liquid in
a coolant. The condenser 14 ts an outside heat exchanger
which is arranged together with the compressor 10 or the
like in a vehicle engine room for performing heat exchange
with thc outside air (or coolin air) blown l&y an electric
coolin fan 14u.

Moreover, the outlet side of. Ihe receiver 15 is mnnected
to a thermal expansion valve. The outlet side of this thermal
expansion valve 16 is connected through a check valve 17 io
an evaporator 18. 'I'he outlet side nf the evaporator 18 is
connected through an accumulator 19 tn the suction side of
thc compressor 10.

An ordinary cooling refrigerating cycle C is constructed
of a closed circuit from the ihscharge safe of. the compressor
10 to the suction side of. the compressor 10 through ihe Iirsi
solenoid valve 13 the comlenser 14 the receiver 15 Ihe.

thermal expansion valve 16 the check valve 17 the
evaporator 18 the accumulator 19.

Thc thermal expansion valve 16, as is weil known in thr
art, rc ulatcs its valve opening (or coolant flow rate) so that
the degree of superheat of Ihe outlet coolant of. the evapo-
rator 18 may be kepi ai a prerfetermined value in an ordinary
refugerating cycle operation (or in a cooling mode). The
accumulator 19 reserves a liquid coolant bv separating the
gas and liquid of the coolant and causes the gas cnolant and

a small quanuiy of liquid coohmt (in which the oil dissolves)
in the vicinity of the bottom to be sucked into the compres-
sor 10

Between the discharge side of the compressor 10 and the
inlet side of the evaporator 18, on thc other hand, is rhsposcrl
a hot as bypass passage 20 which bypasses thc condcnscr
14 anil so on aml in which a healing seconrf solano&rf valve
21 and a throule Zlrt are disposed in seues. The throule 2 fr&

can be constructed of a fixed throttle such as an onfice or
capillary tube A heatin hot gas heater cycle II is con-
structed of a closed circuit from the dischar e side of the
compressor 10 to thc suction sirlc of thc compressor 10
throu h the second solenoid valve 21 thc throttle 2la the
evaporaior 18 Ihe accumuhiior 19.

An air comhuoner duct Z2 defines an air passage for the
air to flow into a vehicle compartment so that the air (or the
inside air or the outside air) is blown in the air conditioner
duct 22 by a blower 23 'I'he evaporator 18 is an inside heat
cxchan cr which is disposerl in thc air conditioner duct 22

ao so that thc coolant is circulated in thc cooling mode by thc
refugeraiing cycle C Io cool Ihe air blown by the blower 23
Ihrough ihe coolant evaporauon in ihe evaporator 18. In ihe
heating mode, on the other hand, the evaporator 18 functions
as a radiator and causes a hot coolant gas from the hot gas

as bypass passage 20 to tlow in to heat the blown air
In thc air conditionir duct 22, thcrc is disposed at thc

downstrcani side of the air flow of thc evaporator 18 a hot
water type heaun ~ heat exchanger Z4 for heaung the blown
air by using hoi engme cooling water from the vehicle
engine 12 as a heat source As a result, the conditioned air
is bio&vn into the compartment from the (not-shown) exit
ivhich is disposed at the downstream side of the heating heat
cxchan cr 24. A hot water circuit to thc heating heat
cxchan cr 24 is provirlcd with a hot watn valve 25 for

&s conirolhng Ihe fiow of. Ihe hoi water.
An air cond&honing electronic control unit ("ECU'*) 26 is

consirucied of a microcomputer anrf iis peripheral circuits,
and processes input signals in accordance ivith preset pro-
grams to open close the first and second solenoid valves 13,

so 21 and to control thc actions of the remaining electronic
dcviccs (ll, 14n. 23, 25 and so on).

Deiecuon signals are input Io the ECU from a set of
sensors including a water temperature sensor 27n, an outside
temperature sensor 276, an evaporator blow temperature

as sensor 27c acting as a temperature detector of the evaporator
18, and a pressure sensor 27d of the compressor rhscharge
pressure.

Also, control si nals are input from a control switch train
29 of an ror conditioning control panel 28 which is disposed

so in ihe vicmiiy of a dashboaril in the vehicle compartment.
This control switch train Z9 includes an air comfinoner
sivitch 29n for commanding start,'stop of the compressor 10
in the refrigerating cycle, and a heater switch 296 for setting
the hcatin mode in thc hot gas hcatcr cycle. The air
conditioner switch 29(I functions as a cooling sivitch for
selling ihe cooling mode.

Operation of. Ihe above embodiment will now be
described. First, operation of ihe refrigerating cycle poruon
&vill be described In the coolin mode, the first solenoid
valve 13 is opened whereas the second solenoid valve 21 is
closcrl by the ECU 26. As a result, thc ckctromagnctic
clutch 11 is applied so that thc compressor 10 is rlrivcn by
Ihe engine 12. Then, the discharge gss coolant of ihe
compressor 10 flows through ihe Iirst solenoid valve 13,

as which ts in Ihe open state, mto the condenser 14.
In the condenser 14, the coolant is cooled and conrlensed

by the outside air ivhich is blown by the cooling fan 14a



Then, the coolant having passed through the conrienser 14 is
separated by the receiver 15 into gas and liquid coolants, of
which the liquid coolant is exclusively reduced in pressure
by the thermal expansion valve 16 to establish a gas-liquid
two-phase state at low temperature and under lnw pressure.

Next, thc low-prcssure coolant passes thrnugh thc check
valve 17 anti tlows into the evaporator 18 so that it evapo-
rates while absorbing heal from Ihe comhtioned air blown by
the blower 23 The conditioned air thus conled in the
evaporatnr 18 flows into the vehicle cnmpartment to cool the
compartment. The gas cnoiant evaporated in the evaporator
18 is sucked through thc accumulator 19 and compressed by
thc compressor 10.

When the heating moile operates riunng cold outside.
temperatures, the lira( solenoid valve 13 is closed whereas
the secnnd solenoid valve 21 is opened by the HCU 26 so
that the hnt gas bypass passage 20 is opened As a result, the
discharged hot gas coolant (nr the superheated gas cnolant)
of thc compressor 10 passes through thc second snlcnoid
valve 21 in thc open state and is reduced in prcssure by thc
throttle 21a until it tlows into the evaporator 18.

At this time, Ihe checl valve 17 prevents the gas coolant
from flowing from the hot gas bypass passage 20 to the
thermal expansion valve 16. As a result, the refrigerating
cycle is run by the closed circuit (or the hnt gas heater cycle
H) of thc rlischargc side of the cnmpressor 10 the second
solcnoirl valve 21 thc throttle 21n thc evaporator
18 the accumulator 19 the suction side of the impresser
10.

Morenver, the superheated gas cnolant having been
reduced in pressure by the throttle 21n heats the bio&vn air
by releasing the heat to the blown air in the evaporator 18
Herc, thc calories to be rclcascd from thc gas coolant in thc
evaporator 18 corresponds to thc con&pression workload of
the compressor 10. AI this nme, if Ihe temperature of. Ihe, hot
water of Ihe engine 12 has nsen to a prerieterminerl de ree,
the blown air can be further heated by the hot water type
heating heat exchanger 24 by supplying the heat exchanger
24 with the hot water thrnugh the hot water valve 25 As a
result, warm air can be blown into thc vehicle compartment.
Thc as coolant havin released its heat in thc evaporator 18
is sucked aml compresseil through the accumulator 19 by Ihe.

compressor IU.
Next, evaporator temperature control via a lixed rlisplace-

ment type swash plate coinpressor for preventing the ivind-
shield from fogging, as required by switching the cooling
mode and thc heating mode at a low ambient temperature in
winter, will bc rlcscribcd. Thc contrni routines of FIG. 2 arc
started, for example, by turning ON the (not-shown) ignition
switch of the vehicle engine 12 and by turning ON Ihe
heating switch 296 of. the control switch train 29 on Ihe, air
conditioner. At Step SIUU, a tlag is initialived to I=O At Step
5110, the signaLs are read from the individual sensors
27n—27d and thc control switch train 29 of thc air cnndi-
tioncr control panel 28.

At Step SI20, it is determined whether the ambient air
temperature is no more than a lirst predetermined value (e.g.,
10' ). When Ihe ambient temperature is no more Ihan Ihe.

first predetermined value, it is determined at Step S130
whether the engine water temperature is nn more than a
prcdctcrmincd value (c.g., 80'.).

When thc cnginc water temperature is nn n&orc than thc
predetermined value, at Step S140, Ihe cooling lira( solenoiri
valve 13 is closed whereas Ihe heating second solenoid valve
21 is openeri (Io initiate Ihe healing mode). At Step S15U, it
is determined &vhether or not the flag 1=0. If the decisinn is
the brat one after the heating switch 29/& was turned ON, the

flag 1=0, and Ihe rounnes advance Io Step S160, where it is
determined whether Ihe discharge pressure Pd of the com-
pressor 10 is no morc than a first prcdctnmincrl value (c.g.,
20 K /cm'G).

If the dischar e pressure pd is nn more than the first
predetermined value, the routines advance to Step 8170,
where it is determined whether the ambient temperature is
no less than a seconil predetermined value (e.g., O' ). If the
ambient tcmperaturc is no less than thc scconrl prcdetcr-

I I&

mined value, it is dctermincrl at Step S180 whether or not an
evaporator temperature (i.e., the evaporator blow
temperature) Te is lo&ver than a first predetermined value
Here, Ihts lira( predetermined value is set, for example, Io the
ambient temperature +5'.

When thc evaporator tcmperaturc Ti: is lower than the first" predctcrminerl value, morcovcr, the routine advances to Step
SI90, at which the electromagnetic clutch 11 is turned ON
to activate the compressor 10 When the evaporatnr tem-
perature Te is higher than the lirst predetermined value, on
Ihe contrary, the rounne advances to Step SZUU, at which the

co clcctromagnctic clutch 11 is turncrl OFF to stop thc com-
pressor 10, aml Ihe flag is set to I=i.

When the ambient temperature is lower at Step S17U than
the second predetermined value, on the other hand, the
routine advances to Step 8210, at &vhich it is determined

as whether or not the evaporatnr temperature Te is lower than
the second prerlctcrmincrl value. In this embodiment, thc
second prcdctcrmincd value is sct to (I'. When thc
evaporator temperature is lower Ihan Ihe secoml predeter-
mined value, moreover, the routine advances Io Step S220,
at which the electromagnetic clutch 11 is turned ON to
activate the compressor 10. When the evapnrator tempera-
ture Te is higher than the second predetermined value, the
routine advances to Step S230, and thc ckctromagnctic
clutch 11 is turned OFF to stop the compressor 10.

is When the discharge pressure Pd of Ihe compressor Hl is
hi her at Ihe aforementioneil Step S16U than the lirst pre-
determined value, on the other hanrl, the routine advances to
Step 8200, and the electromagnetic clutch 11 is turnedOI'I'o

stop the compressor 10 and tn set the flag I=I.
so In the presently-dcscribcrl embodiment, the capacity of

the hot gas cycle hcatin mode is controlled by interrupting
Ihe compressor 10 based on Ihe discharge pressure Pd of the
compressor 10. W'hen the ihscharge pressure Pd of the
compressor 10 exceeds the lirst preiletermined value,

as therefore, the compressor 10 is stopped to limit the heating
capacity and to prevent an abnormal rise in the cycle high
pressure.

Since thc fla I= I at Step S200, morcovcr, thc rlccision at
Step S150 is NO, anil Ihe routme advances to Step S240,

so where it is determined whether the discharge pressure Pd of
Ihe compressor 1U ts no more than a second predetermined
value (e g., 2 Kg&cma(l) Ltntii the dischar e pressure Pd of
the compressor 10 drops to or belo&v the second predeter-
mined value, the routine advances from Step S240 to Step
S250, and thc OFF state of the clcctromagnetic clutch 11 (or
Ihe stop state of. Ihe compressor 10) is maintainerl.

W'hen the ihscharge pressure Pd is lowererl Io or below the
second predetermined value by stopping the compressor Hl,
moreover, the routine advances from Step 8240 tn Step

0& S260, and the electromagnetic clutch 11 is turned ON to
return thc compressor 10 to thc active state and to sct the flag
I=O. As a result, the routine advances from Step S150 to Step
S160, and the acnve state of the compressor 10 is maintained
unnl Ihe discharge pressure Pd exceeds Ihe lira( predeter-

as mined value.
I fere, when it is determined at Step 8120 that the ambient

temperature exceeds IO'I and when it is determined at



Step S120 that the engine water temperature exceeds 80'u
the heatmg mode by the hot gas heater cycle is nnt required,
the routine arlvances to Step S270, and both the cooling first
solenoid valve 13 and the heating second solenoid valve 21
arc close(i. Then, at Step S250, thc electromagnetic clutch 11
is turned OFF to stop thc compressor 10.

In Ihe hol gas heater cycle healing mode, the ambient
temperature is in a range as low as or lower than 10'. so
that the discharge pressure Pd abruptly drops ivith the stop
of the compressor 10. 'I'herefore, a large pressure difference
(or hysteresis) is set lietween the first predetemiined value
(c.g., 20 KJccm'G) of thc discharge pressure Pd for stopping
thc compressor and thc second prcdctermincd value (c.g., 2
Kgicm G) for restoring Ihe action of. the compressor thereby
lo suppress the frequent interruption (or hunting) of. Ihe.

compressor 10.
In the heating mode, the action nf the cnmpressor 10 is

thus controlled to control the evaporator temperature, as will
bc summanzcd in thc following.

0" r'mbtcut Tmupcretutc io" C

Amb eut T mpemture =0' (0)

At this time, thc action of thc compressor 10 is controlled
by Steps S210, S220 and S230 so that thc evaporator
temperature may be a(O'. As a resuh, Ihe condensed water
frozen in the evaporator 18 can be prevented from melting
and evaporating to prevent fogging of. Ihe windshield, as
might otherwise lie caused by the evaporation of the con-
densed water.

At this time, Ihe action of the compressor 10 is so
controlled at Steps SI80, S190 and S200 so that the evapo-
rator temperature may be at the ambient temperature +5'
As a result, it is possible for thc following reasons to prcvcnt
thc windshield from fogging.

At a heating time in winter, morc specifically, thc outside
air ts usually inlroriucml into Ihe air comhnoner duct 22 io
prevent the windshield from fogging, so that the outside air
passes through the evaporator 18 By contrnlling the tem-
perature of the evapnrator 18 to no more than a value (e g,
thc ambient tcmpcraturc +5'.) siightly higher than the
ambient tcmpcraturc, thc introduced outside air is heated to
a slightly hi hcr temperature (i.c., +5'.) by the evaporator
18 so that the tlrop in the relanve humidity of the ouliude air
introtluced is small. This mal es il posrnble to suppress Ihe.

condensed water from heing evaporated again in the evapo-
rator 18

Since thc vchiclc windshield has direct contact with thc
outside air, morcovcr, its temperature is equal to or slightly
higher than thc ambient temperature. If thc temperature of
the evaporator 18 is controlleri to a value (i.e., the ambient
temperature +5'.) slightly higher than lhe ambient
temperature, therefore, the air having been blown toivard the
vehicle wint(shield from the (not-shown) defroster blow port
provided downstream from thc heating heat exchanger 24
will ncithcr reach its saturated state nor condense on the
surface of thc windshield, even if it contacts thc windshield
anil is cooled to a temperature as low as that of. Ihe vehicle.
windshield.

When the heating mode is to be executed by introducing
the outside air into the air cnnditioner duct 22, the tempera-
ture of thc evaporator 18 is controlled to thc anibicnt
tcmpcraturc +5'. as the ambient temperature rises to O'.
or higher, so that the heating load on thc heating heat
exchanger 24 can be lessened by the temperature rme of+5',

thereby improving heating of. the compartment.

In extremely cold contlitions, such as when the ambient
temperature=—30 to —20'', the hot gas heater cycle heating
mode raises the temperature of the outside air mtroduced
into the air conditioner duct 22 from —30 lo —20'. to 0'
by thc relcasc of heat from the gas coolant in thc evaporator
18. As a result, thc compartment is morc quickly, and morc
effecnvely, heated.
[Second Embodiment]

In the hrst embodiment, the discharge pressure Pd of the
in compressor 10 is controlled within a predetermined range to

control the heatin capacity by usin a fixed displacement
type compressor 10 to control thc action of thc compressor
10 based on control Steps S160 anil S240 of FIG. 2. In the
second embodiment, however, the compressor 10 is a vari-
able dmplacemenl type equipped with a variable displace-
ment mechanism IUtt for varyin the dischar e

displacement, as shoivn in I I(IS. 3 to 5. 'I'herefore, the
heating capacity may be controlled by controlling the dis-
char c displaccmcnt of thc compressor 10 to control thc

00 dischar c prcssure Pd of the compressor 10 within a prcdc-
lermmetl range.

FIG. 4 shows one example of lhe specilic structure of lhe
variable displacement type compressor 10 in the second
embodiment, the smnmary of which will be descrdied in the

zs following This compressor 10 is a wobble type vanable
displacement compressor, thc shaft 30 of which is rotated
when thc poivcr of thc engine 12 is transmitted thcrcto
through Ihe electromagnenc clutch 11 A swash plate 31 is
connected lo lhe shaft 30 to rotate together therewith, and a

piston 32 axially reciprocates as the swash plate 31 rotates
In accordance ivith the change in the angle of inclination

of the swash plate 31, moreover, the stroke of the piston 32
can lic chan cd to vary thc displacement (i.c., thc rhschargc
displacement) of thc compressor 10. For this operation, thc

is swash plate 31 is supported by a sphencal support 33 to
enable lhe swash plate lo rock. The angle of inclination of
Ihe swash plate 31 is changed by Ihe balance between lhe
pressure in a crank chamber 34 acting on the back of the
piston 32, or a control pressure Pc and a pressure in a

00 cylinder 35 in ivhich thc piston 32 rcciprocatcs. By adlusting
the control prcssure Pc in the crank chamber 34, thcrcforc,
Ihe angle of inchnalion of Ihe swash plate 31 can be
changed.

The gas coolant compressed by the cylintler 35 of the
us compressor 10 is discharged to a discharge chamber 36,

from which it is further discharged through the (not-shoivn)
dischar c port to thc upstream sirlc of the solcnoirl valves 13
anti 21 of FIG. 3. The coolant is sucked through a suction
chamber 37 by the cylintler 35 of the compressor 10. The

co sucnon chamber 37 commu nice(as with the outlet side of(he
accumulator 19 of. FIG. 3 through a suction port 370.

Moreover, the pressure Pc of the crank chamber 34 is
changed by an electromagnetic pressure controlier 38 for the
cooling mode and a prcssure controller 52 (of FIG. 5) for thc
hcatin motte by makin use of lioth the coolant discharge
pressure Pd of the discharge chamber 36 anil the coolant
suction pressure Ps of the suction chamber 27.

The electromagnenc pressure controller 38 for the coolin ~

mode is provided ivith a discharge pressure chamber 39
communicating with the dischar e chamber 36, a suction
pressure chamber 40 communicating with thc suction cham-
ber 37, and a control pressure chamlicr 41 communicating
with lhe cranl chamber 34. Moreover, the discharge pres-
sure chamber 39 communicales with the control pressure

ss chamber 41 through a variable lhronle 43 having an opening
adjusted by a valve member 42. In this embodiment, the
valve member 42 and the variable throttle 43 together form



vamable throttle mechanism. The sucuon pressure chamber
40 communicates with the cnntrnl pressure chamber 41
thrnugh a fixed throttle 44

In the suctinn pressure chamber 40, there is arranged a
bellows (a prcssure responding mechanism) 45 made of an
cxtcndiblc material and thc inside of which is preset at a
predetermined internal pressure Pb„so thai il ex(amis/
contracts as the suction pressure Ps changes with respect io
that internal pressure Vb, By the extensinn contraction of
the bellows 45, the valve member 42 is displaced through a
rod 46 The electromagnetic force of the electromagnetic
mechanism is also applied to the l&cilows 45 and thc valve
mcmbcr 42.

Specifically, Ihe electromagnetic mechanism of. this
emboihment is constructed lo include. a solenoid mil 47, a
stationary pnle member 48; a mnvable pole member (or
plunger) 49 attracted toward the stationary pnle member 48
(or in a directinn that causes the bellows 45 tn extend) by the
clcctromagnctic force of thc solenoid cnil 47; and a coil
spring 50 for applying its spring force to thc movable pole
member 49. A rod 51 is connected to the center portion of.

the movable pole member 49, and is joinlerl together v:iih
the valve member 42 and the rod 46 so that the cnnfiguration
moves tngether.

A control current is applied from the L'('U 26 to the
solenoid coil 47 of thc eicctronm nctic niechanism thus
constructed, and thc electromagnetic force tn be applied to
the movable pole member 49 is varied with the varianon in
control current so thai Ihe sel level ol. Ihe suction pressure.
varies In shnrt, the set level of the suction pressure rises as
the control current increases.

When the suction pressure Vs is raised by the increase in
thc coolin load in thc cooiing mode, morcovcr, the control
prcssure Pc in the control prcssure chamber 41 is lnvvcred to
lower the pressure in the cranl chamber 34. As a result, Ihe
back pressure of. the piston 32 is lowered so thai the swash
plate 31 is inclined to increase the angle of inchnanon 0 of.

the swash plate 31. As a result, the strnke of the piston 32 is
elongated to increase the displacement nf the compressnr 10
Thus, thc fiow rate of the cycling coolant incrcascs to
augment thc cooling capacity so that the suction pressure Ps
gradually decreases.

When the sucuon premure Ps drops, the control pressure.
Pc of the control pressure chamber 41 is increaserl to
increase the pressure in the crank chamber 34. Then, the
swash plate 31 stands up to reduce its angle of inclination 0
so that thc stroke of thc piston 32 is shortened tn decrease thc
displaccmcnt of thc compressor 10. As a result, thc flow rate
of the cycling coolant decreases lo reduce ihe cooling
capacity so that the suction pressure Ps grmlually increases.

By thus controlling the displacement of. the compressor
10, the suctinn pressure Vs can be cnntrnlled to cnntrol the
temperature of the evaporator 18 (i e, the blown air
tcmpcraturc). FIG. 6A illustrates thc capacity cnntrnl of the
compressor 10 and thc suction prcssure Ps in thc cooling
mode.

If the set level of Ihe suction pressure Ps is adluslerl by
mljusling the control current of the solenoid coil 47, on Ihe.

other hand, it is possible to adjust the bloivn air temperature
of the evaporator.

In FIG. 5, rcfcrcnce numeral 53 designates a snlcnoid
sclcctor valve for selecting thc feed of thc discharge pressure
Pd lo Ihe electromagnetic pressure controller 38 for Ihe
cooling mode aml the pressure controller 52 for the heating
mode. FIG 5 shows the slate in which Ihe solenoid selector
valve 53 is in the cooling mode so that a valve member 55
is pushed rightwardly in the drawing by the fnrce of spring
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56, when a solenoid miil 54 is de-energized, to close one
cnmmunication passage 57 and open the nther communica-
tion passage 58

As a result, an introduction passage 59 for the rhscharge
pressure Pd communicatcs throu h the communication pas-
sa e 58 with thc dischar c prcssure chamber 39 of thc
eleclromagnenc pressure controller 38 for the cooling moile.
Discharge pressure is therelore applied lo lhe discharge
pressure chamber 39 so that the compressor displacement in
the aforementioned cooling mode can be cnntrnlled

In the heating mode, on the other hand, the solenoid coil
54 of thc solenoirl selector valve 53 is cnergizcrl by thc ECU
26 so that the valve men&bar 55 is moved lcftwarrlly in thc
drawin, against Ihe force of lhe spring 56 by the electro-
magneiic force of Ihe solenoid coil 54, Io open one com-
municatinn passage 57 and close the other communication
passage 58

As a result, the introduction passage 59 fnr the rhscharge
pressure Pd communicatcs throu h the communication pas-

se sa e 57 with thc dischar c prcssure chamber 59 of thc
pressure controller 5Z for the heatmg mode to apply lhe
dischar e pressure Pd to the discharge pressure chamber 59.
In this discharge pressure chamber 59, there is arranged a
bellnivs (or a pressure responding mechanism) 60 which is

zs made of an extendible material and the inside of which is
prcsct at a prcdctcrmincd internal pressure Pbe, to cxtcnd
contract as the discharge prcssure Vd changes with rcspcct to
Ihe internal pressure Pb .

In accordance with the extension&contraction of the bel-
.ie iowa 60, a valve member 62 is displaced thrnugh a rnd 61

The force of a spring 63 is also applied to that valve member
62 'I'his spring 63 is a return spring for determinin the
initial positions of thc bellows 60 anil thc valve mcmbcr 62.

In accordance with thc displacement of thc valve member
is 6Z, the opening of a Ihronle pornon 64 is vaned to adlusl lhe

control pressure Pc of a control pressure chamber 65 at lhe
downstream side of Ihe lhroule portion 64. Like the control
pressure chamber 41 in the electrnmagnetic pressure con-
troller 38 for the encl ing mnde, the cnntrnl pressure chamber

an 65 communicatcs not only with thc crank chamber 34 but
also with thc suction pressure chamber 40 through the tixed
ihronle 44.

Next, operanon of lhe pressure controller 5Z lor the
heaung mode will be described. When the discharge pres-

as sure Vd to be applied to the discharge pressure chamber 59
becomes loiver than a first predetermined value (e g., 20
Kg&en& G), thc bellows 60 extends so that thc valve member
62 closes thc throttle portion 64. As a result, thc control
pressure Pc in lhe minlrol pressure chamber 65 is lowered to

sn Ihe suction pressure Ps so that the pressure in the crank
chamber 34 becomes equal lo the suction pressure Ps
thereby to maximize the displacement of the compressor (to
1(X)err )

When the rlischar c prcssure Pd excccds a second prcde-
termincd value (e, 22 K rcm G), on thc contrary, the
bellows 60 contracts so that the valve member 62 opens the
throttle portion 64 with lhe maximum opening. As a result,
Ihe control pressure Pc of the control pressure chamber 65
rises tn the discharge pressure Vd sn that the pressure in the
crank chamber 34 becomes equal tn the discharge pressure
Pd to minimize thc displacenicnt of the compressor (to 5 v/o).

When thc discharge prcssure Prl is bctwccn thc aforemen-
tioned iirst and secoml values, moreover, lhe displacement
of the compressor 10 is adl usted lo conunuously decrease by

es enlargmg the opening of lhe thronle poruon 64 with lhe
displacement nf the valve member 62 as the dischar e

pressure Vd rises. 11G 613 illustrates a relation between the



displacement control of the compressor 10 aml the thscharge.
pressure Pd m the heating mode.

Ilere, the variable displacement mechanism 10a nf FIG 3
is constructed, as understood from the description thus far
maCk, in this embodiment by combining the swash plate 31,
thc clcctromagnctic prcssure controller 38 for thc cooling
mode, the pressure controller 52 for the heanng motte anrf
the solenoirf selector valve 53.

I'l(r 7 is a fiovv diagram corresponding to that of FIG 2
and shows an example of the control of the evaporator
temperature in the heating mode in the refrigerating cycle
with thc aforcmcntioned variable displacement type coni-
prcssor 10. In this second cmbodinicnt, thc discharge prcs-
sure Pd in Ihe heating morfe can be controlled by controlling
the thsplacemenl of. Ihe compressor 10, as has already been
described, to ehminate the interrupted cnntrnf of the elec-
tromagnetic clutch 11 (or the compressor 10) responding to
the discharge pressure Pd at Steps S160, S200, S240 and
S260 of FIG 2.

In FIG. 7, what is diffcrent from the controi of FIG. 2 is
the interruptmf control of the electromagnetic clutch 11 (i.e.,
the compressor IU) at Step SIUUa (corresponrfing lo Step
S180 of I'IG 2) and Step S210a (corresponding to Step
S210 of I'IG 2), as iviil noiv be described. When it is
determined at Step S170 that the ambient temperature is no
less than O', it is determined at Step S180a which of first
or second sct temperature Tl or TZ, set based on thc ambient
temperature anrf Ihe actual evaporalor temperature (or Ihe.

blown temperature of the evaporator), is higher.
Specifically, the lirst set temperature I'1=the ambient

temperature +3''., and the second set temperature TZ=the
ambient temperature +S'., so that the first and second set
tcmpcraturcs Tl and TZ are related to add thc small prcdc-
tcrmincd values to thc ambient temperature.

When the actual evaporator temperature exceeds Ihe
seconrf set temperature T2, moreover, the decision OFF is
macle at Slap SISUa, and the routine arfvances lo Step S2UU,
and the electromagnetic clutch 11 is turned Olif to stop the
compressnr 10.

When thc evaporator temperature is lowered by this stop
of thc compressor 10 below that of thc first set temperature
TI, Ihe decision ON is marie at Step SIUUa, and the rounne.
mfvances lo Slap SIOU, at which the electromagnetic chilch
11 is turned ON to acnvale Ihe compressor IU.

By thus interrupting the action of the compressor 10, the
evaporator temperature can be kept between the afnremen-
tioncd first and second sct temperatures Tl and T2.

When it is rlctermincd at Step S170 that thc anibicnt
temperature is lower than O'., on the other hand, Ihe
rouune advances to Slap S210a, anrf il is rfeterminerf which
of third and fourth set temperatures T3 or T4, sel based on
the ambient temperature and the actual evaporator tempera-
ture (nr the blnwn temperature nf the evapnrator), is higher

Specificall, thc third set temperature T3=the ambient
tcmpcraturc —2'., and thc fourth sct temperature T4=the
ambient temperature O'., so that both the third and fourth
sel temperatures 13 aml T4 tale values no more than O'.

When the actual evaporator temperature exceeds Ihe.

fourth set temperature T4, moreover, the decision Olif is
made at Step S210a. and the routine advances tn Step S230,
at which thc clcctromagnetic clutch 11 is turned OFF to stop
thc compressor 10.

When the evaporator temperature is lowered by this slop
of Ihe compressor IU below the third set temperature T3, Ihe
dectsion ON is made al Slap SZIOa, aml the roubne
advances to Step S220, where the electrnmagnetic clutch 11

is turned ON to activate the compressor 10.
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By thus interrupting the schon of the compressoir 10, the

evaporator temperature can be kept between the aforemen-
tioned third and fourth set temperatures I'3 and T4 and at a
temperature of no more than O' In this second
cmborlimcnt, too, the windshield can be prcvcntcd from
fo ging as in thc first embodiment by controlling thc evapo-
rator temperature in Ihe healing mode

Here, the temperature difference between the first and
second set temperatures 'I'I and 'IZ and the temperature
difference between the third and fourth set temperatures '13

and T3 prevent frequent interruptions of the cnmpressor 10
In place of providing such hysteresis, in response to thc ON
signal or OFF signal of the electromagnetic clutch ll, thc
eleclromagneuc clutch may be kept in the ON state or OFF
stale for a predetermined ume period by a timer and may
then lie returned to the Oil'tate or ON state

Since the variable displacement compressor 10 is used in
the second embodiment, on the other hand, ivhen the hot as
heater cycle heating morlc is to bc sct at Step S140, thc

ao solenoid sclcctor valve 53 is turne(I ON to establish thc state
in which the displacement control of Ihe compressor IU is
made by the pressure controller 52 for the heahng mode.
When the heating mode by the hot gas heater cycle is to be
stopped at Step S270, on the other hand, the solenoid

"s selector valve 53 is turned OI I'o establish the state in
which thc displacenient control of the compressor 10 is
made by the pressure controller 38 for thc cooling mode.
[Third Embodiment]

The foregoing Iirst and seconrf embodiments prevent a

ivindshield from fogging by controlling the action of the
compressor 10 so that the temperature of the evaporator 18

is always no more than a predetermined level in the hot as
heater cycle heating morlc. Since the control of thc evapo-
rator tcmpcraturc is always made, on thc contrary, thc hot

is gas heahng operation is restricted umfer the comhhon of no
foggmg of the windshield. Therefore, maximum perfor-
mance of the hol gas heating cannot be exhibiteil.

Specifically, the evaporator 18 is not abvays covered with
condensed ivater, such as when the cooling operation is not

sc pcrformcd for a long time. Even if thc evaporator 18 is
covered with condcnscd water, thc windshield will not fog
when its temperature is high, for example. Under such a
condiuon, it is preferable lo mal e no restriction on the hot
gas healing operauon to improve heating performance

as In view of this point, according to the third emhorhment,
a device for detemiining whether or not the ivindshield ivill
fo at the tinic of the hot gas heating operation is provided.
Thc evaporator tenipcraturc is controlled only when thc
device determines that windshield fogging may occur, i.e.,

so when the temperature of the evaporator 18 may be less than
or equal lo a predetermined leveL When it is determined that
windshield fogging will not occur, the evaporatnr tempera-
ture (i e, restriction on the hot gas heating operation) is not
limited.

FIG. 8 is a floiv dia ram showing control of a tixed
displacement type compressor 10 according to the third
embodiment, and corresponds to FIG. Z. The descriphon of
Ihe common steps will be omiued by designating them with
the common numerals In lrl(i. 8, Step S140 of executing the
hot gas heating operation is accompanied by Step S300 of
including thc fog in rlctcrmining device.

As thc tcmpcrature of the windshield dccrcascs, thc
absolute humidity for Ihe inside air to reach the freezing
point when it touches the windshield decreases, and the

ss wmdshield fogs more easily. This makes it possible to
determine whether or not the ivindshield will fo, based on
the windshield temperature.
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In the air comhuoner, Ihe temperature of the air blov:n

into the compartment (or the defroster bloivn air
temperature) fluctuates with the temperature of the engine
water introduced into the hot ivater type heat exchanger 24
Hcncc, a correlation exists between thc engine water tcm-
pcraturc ancl thc temperature of thc ivindshicld. Herc, thc
temperature of the wincfshield is also inffuenced by Ihe
ambient temperature. In this embodiment, iherefore., Ihe
temperature ot'he windshield is estimated from the different
(1W —TAM) betiveen the engine water temperature 'I'W and
the ambient temperature I'AM.

At Step S300, morc specifically, it is determined whether
thc diffcrcncc of TW-TAM is no morc than a predetermined
value (e g., 40'. in this embodiment). Since ihe tempera-
ture of the v:indshield is low when the difference is no more.
than the precletermined value, it is determined that the
wmdshield will fog. When the difference nf TW—TAM is
more than the predetermined value, it is determined that the
windshield will not fog, because thc temperature of thc
windshield cs high.

When Ihe cfecision ai Step S300 is YES (thai is, when it
is determined that the wimlshield will fog), the routines
advance to Step SI50, at which the temperature of the
evaporatnr 18 is controlled so that it may be no more than
the predetermined level, as in I'IG 2.

When thc decision of Step S300 is NO (that is, when it is
dctcrminccl that thc windshield will not fog), thc coniprcssor
discharge pressure Pil ts controllecf by Steps S31U to S37U,
but the evaporator temperature is noi controlled.

As a result, the hot gas heating nperation can be maxi-
mived to advance the rise of the cnmpartment heating effect
I fere, the control of the compressor discharge pressure Pd by
Steps S310 to S370 will not be specificall described
bccausc it is similar to thc intcrruptcd control of thc com-
pressor based on Ihe cfecituon results of. Steps S160 ancf

S240.
[Fourth Embocfiment]

In the aforementioned third embndiment, whether or not
the windshield will fog is determined by estimating the
tcmpcraturc of thc windshield based on thc diffcrcnce
bctwccn thc engine water temperature TW and the ambient
temperature TAM. The temperature of Ihe windshield can
also be estimated exclusively from lhe engine water tem-
perature TW, although the accuracy slightly drops.

In this fourth embodiment, therefore, whether or not the
wmdshield will fog is determined at Step S300, as shown in
FIG. 9, by dctcrmining whether or not thc engine water
tcmpcraturc TW is no morc than a predetermined value (c.g.,40'. in this embodiment)

As a modification of the fourth embodiment, moreover,
whether or not the winilshield wdl fog may be determined by
estimatmg the temperature of the ivindshield exclusively
based on the ambient temperature 'IAM At Step S300, more
specifically, whcthcr or not thc windshield will fog may be
dctcrminccl by clctcrmining whether or not thc ambient
temperature TAM is no less than a predetermined value.
[Fifth Embocfiment]

FIG. 10 shows this Iifth embocfimeni which relates to a
control of the case in ivhich the variable displacement type
compressor 10 shown in f'IG 4 is used In the control
example of FIG. 10, therefore, thc ONiOFF control (or thc
intcrruptcd compressor control) of thc electromagnetic
clutch ll for controlling Ihe compressor cftscharge pressure
Pd ts eliminated.

When the decision at Step S30U is NO (thai is, when ii is
determined that the windshield will nnt fog), more
specifically, the rnutines advance to Step S260, at ivhich the
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eleclromagneuc clutch 11 is iurnecl ON to leave the com-
pressor 10 active. The rmnlroi of. Ihe compressor discharge
prcssure Pd and thc control of the evaporator tcmpcraturc
(i.e., the limit of thc hot gas heating operation) of Steps S310
to S370 of I'IG 8 are not performed

When the decision of Step S300 is YLS (that is, when it
is determined thai ihe windshield will log), the rouune
advances io Step S170, ai aml after which the control of the
evaporator tcmpcrature is performed so that thc tcmperaturc
of thc evaporator 18 may bc no morc than thc predctcrminedio
value as in I'IG. 2

Here, since the fifth embodiment uses the variable dis-
placement type compressor 10, ihe solenoid selector valve
53 is turned ON and OFF at Steps S140 anil S27U as in FIG.
7." [Sixth Enibodimcnt]

I'IG. II shoivs the sixth embodiment in ivhich the control
temperature of the evaporator 18 is determined based on the
ambient iemperaiure and Ihe engine water temperature TW
for limiting Ihe hot gas heatmg operauon, as shown in FIG

oo 11. However, thc sante control tempcraturc is dcterminccl
basecl on only Ihe ambient temperature in the foregoing
imhvidual embodiments.

As the engine water temperature TW increases, the tem-
perature of the air to be blown into the compartment

as increases to increase the temperature of the ivindshield and
decrease the chances of thc windshield fogging. In thc
control characteristics(or niap) of FIG. 11, thcrcforc, the hot
gas heaun ~ performance is improvecf by raising ihe control

temperature of the evaporator 18 noi only with ihe nse in the
.io ambient temperature but also ivith the rise m the engme

ivater telnperature TW.
I fere in the example of lrl(L I I, control of the evaporator

tcmpcraturc (i.c., thc limit to the hot as heating operation)
is not performed when thc engine water tcmperaturc TW

is exceeds 50'.
[Seventh Embodiment]

FIGS. 12—14 show Ihe seventh embodiment, the enure
system of which is shown in I'IG 12, although its descrip-
tion is omitted by designating the equivalent portions shown

so also in FIGS. I ancl 3 by comnion rcfcrencc numerals. In
FIG. 12, thc check valve 17 is arranged at the upstream side
of. the thermal expansion valve 16.

The vehicle air conditioner accorcling to ihe seventh
embodiment is also constructed such that the imlividual air

as conditioning actuators in the air conditiomng unit I are
controlled by the ECO 26

At thc niost upstream of thc air in thc air conditioner duct
22, an outside air suction port 70 for sucking thc air outsiclc
ol: the compartment, an insicle air suction port 71 for sucfung

so Ihe air insicle of Ihe compartment, and an inside,'outside air
switching door 72.

The insideioutside air switching door 72 forms an inside,'utside

air sivitch which is driven by an actuator such as a
servo motor through a not-shown link mechanism for
ssvitchin an outside air introcluction (or FRS) mode for
suckin ~ air Irom at least the outside air suction port 70 and
an inside air circulauon (or REC) mode for sucking air from
Ihe inside air sucuon port 71.

At the most doivnstream of the air in the air conditioner
duct 22, there are provided a defroster (or f)EI') blow port
73 for iilowing thc conditioned air toward thc inner face of
thc front windshielcl of thc vchiclc; a face (or FACE) blow
port 74 for blowin ~ Ihe comhtionecf air iowarcl ihe head and
body ol: a passen er; a foot (or FOOT) blow port 75 lor

ss blowmg comhuoned air towarcl the foot of the passenger;
and a plurality of swingable mode switching doors 76 to 78
for selectively openingiclosin the individual blow ports
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Here, these mode switching doors 76 lo 78 are dmven by

actuators such as servo motors through the not-shown link
mechanisms thereby to form bloiv pnrt switches. With these
mode switching donrs 76 to 75, it is possible to switch: a
face (FACE) morlc for opening only the FACE bloiv port 74;
a bi-lcvcl mode (BLL) mode for opening both thc FACE
blow port 74 anil Ihe FOOT blow port 75; a fool (FOOT)
mode for opening only Ihe FOOT blow port 75, a fooL/
defroster (I /I)) mode for opening both the I'OOT blow port
75 and the DEI'low port 73; and a defroster (l)LF) mode
for opening nnly the IILil'low port 73

Thc blower 23, as located at the downstream side of the
air flow of thc insidrdoutside air switching door 72, is shown
to be of the axial flow type for simplicity of illuslrauon, but
in fact is a blower having a cenlnfugal lan. This cenlnlugal
lilower 23 is rotationally driven by a blniver motor 23a
controlled by a blower drive circuit. Ilere, the centrifugal
lilower 23 of this embodiment can be switched in a stepwise
manner or continuously from a 0-th (OFF) sta c to a thirty
second stage by adjusting a biower control voitagc applied
to the blower motor 23a.

Next, Ihe hot water type heal exchanger 24 aml ihe hot
water valve 25 for re-heating air that has passed through the
evaporatnr lg are disposed midway through a coniing water
circulating circuit 79 in ivhich the hot water (or cooling
water) is circulated by thc (not-shown) water pump driven
by thc cnginc 12. Thc engine 12, thc hot water type heat
exchanger 24, the cooling water circulaung circuit 79 and
the hot water valve 25 thus far ilescmbed thereby form a hot
water type heater (or a main heater) 50.

The hot water valve 25 is npened always except at
maximum cooling time in the cooling mode. By adjusting
thc dcgrcc of opening of the hot water valve 25, moreover,
thc flow rate of thc hot water into the hot water type heat
exchanger 24 can be adjusted to adjust Ihe temperature of Ihe
air blown into Ihe compartment.

Next, in Ihe refngeraling cycle, the orriinary cooling
refngerating cycle C and the heating hot gas heater cycle I I

can lie switched as in I'I(iS. I and 3 by the first and second
solenoid valves (or thc coolant circulating circuit switches)
13 and 21

To Ihe air conriitioner ECU 26 for controlling lhe indi-
vulual components in the air comhnoner unit 1, switch
control signals Irom the various control switches on Ihe air
conditioner control panel ZII are input. Here, in the air
conditioner control panel Zg, an air conditinner sivitch 29a
is disposed for commandin thc start or stop of thc com-
pressor 10 in thc rcfri crating cycle. This air conditioner
switch 29a acts as a cooling switch for selung the cooling
mode.

On the air conditioner control panel 20, moreover, Ihe
following compnnents are disposed a hot gas heating switch
29b for setting the heating mnde by the hot gas heater cycle;
a blow mode switching switch 29c for sivitching thc air
conditiomn blow modes; a temperature setting switch 29d
for setting the temperature in the compartment lo a desired
level, a blower switch 29e lor selectively turning ihe blower
23 ON/OFF anil swuching Ihe direction of. the blown air, and
an inside/outside air switching switch 29f fnr cnmmanding
the switching of the nutside air introduction (ILRS) mode and
thc inside air circulation (REC) mode.

Thc air conditioner ECU 26 includes a well-known micro-
computer which includes a CPU, a ROM, a RAM and so on.
The inriividual sensor signals of the imhviriual sensors are
input to the CPU after being A/H converleri by nol-shown
input circuits. The air conditioner I.'CU 26 is constructed to
start its control routines when I)('c iver is supplied from the
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(not-shown) battery or a power source mounted on the
automobile by Lumin ~ ON (i.e., IG.ON) the ignition switch
(or key switch) for starting,'stopping thc cnginc 12 of thc
automobile.

To the air conditioner L'('U 26, moreover, sensor signals
are input from: the cooling water temperature sensor 27a for
detecung the temperature of the cooling water Lo flow into
Ihe hol water type heat exchanger Z4; the ambient tempera-
ture sensor 27h, the evaporator Iiioiv tcmpcraturc sensor 27c
for detcctin thc tcmpcraturc of the air lust having passedio
through the evaporator Ifk the coolant pressure sensor 27d
for detecting the high pressure pd of the refri crating cycle;
an inside air temperature sensor 27e for detecung the air
temperature in Lhe compartment, anil a solar radiation sensor
27f for detecting thc solar radiation cntcring thc compart-
ment.

I iere, the aforementioned individual sensors detect the air
conditioning enviromnental factors necessary for air condi-
tioning Lhe insiile of the comport menL of the automobile, and
Ihe akirementioned individual sensors 27a lo 27c aml 27e

zo employ thcrmisters.
Operation of. the seventh embodiment wdl now be

described with relerence to FIG. 14. When the igniuon
sivitch is turned ON (i.e., l(i.ON), the engine 12 is started,
and lyCI poiver is supplied to the air conditioner I'CU 26 so

zs that the routine of I I(i. 14 is started (at Step Sl) Initially,
the routine is initialized by the flag 1=0 (at Step S2).

Next, thc switch signals of thc individual switches on thc
air conditioner control panel 28 are read (at Step S3)
Speciiically, Ihe ON signal or the OFF signal of the air
conditioner switch 29a and the hot gas heating switch 29b
are read Next, the various sensor signals such as the cooling
ivater temperature ('I W) detected by the cooling water
tcmpcraturc sensor 27a are read (at Step S4).

Next, it is rlctcrmincd whether or not thc refrigerating
is cycle is in the cooling mode. Specilically, it is determined at

Slap S5 whether Lhe cooling mode is set by the air comh-
tioner switch 29a. When Ibis decision result is YES, Lhe

electromagnetic clutch 11 is ener ized to start the compres-
sor 10 thereby to open the first solenoid valve 13 and close

so the scconrl solenoid valve 21 so that the cooling mode is
cxecutcd by thc ordinary cooling rcfin crating cycle C (Step
S6). Next, the coolin ~ operauon flag is raised (I=i) (Step
S7). After this, Lhe rouune returns to Slap S3.

W'hen Ihe decision result of. Step S5 is NO, that is, when
as the refrigerating cycle is not set in the coohng mode, it is

then determined (at Step S(I) whether or not the refri crating
cycle is set in thc hot gas heating mode. Specifically, it is
determined vvhcther or not thc hot gas switch 29b is turncrl
(ON). When this decision result is NO, Ihe heanng operauon

so of Ihe hot as heater cycle H is stopped (or turnerl OFF).
Specilically, Lhe power supply to the electromagnetic clutch
11 is stopped (or turned OI I ) to stop the compressor 10
automatically and to close the first solenoid valve 13 and the
second solenoid valve 21 (Step S9). After this, thc routine
returns to Step S3.

W'hen the hot gas switch Z9h is turned (ON), on the other
hand, Ihe decision result of Step Sg is YES, and 0 is
determined whether or not Ihe heaung capacity of the inside
of the compartment by the hot water type heat exchanger 24
of the hot water type heater IIO is insufficient Specifically, it
is dctcrmincd at Step S10 whether the coolin water tcm-
peraturc (TW) of thc engine 12 is no more than a prcdetcr-
mined value (e, S0'.). When this decision result is NO,
Ihe healing capacity of Lhe compartment is sutiicienl, and Lhe

ss rouune advances to Step S9.
When the decision result of Step S10 is YL'S, it is

determined ivhether the inner face of the front (or side)
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windshield will fog. Specilically, it is determined whether no
cooling mocfe has been performecf after the ignition switch
was turned ON (i c., IG.ON). Specifically, it is determined
whcthcr or not thc cooling mode fla has bren reset (1=0)
(Step Sll)

When this decision result is NO, that is, ivhen the flag I= I,
the cooling mode has alreacfy been performed after Ihe
ignition switch was turned ON. Il is, therefore, determined
that thc inner face of thc front (or side) windshield will fog
duc to thc evaporation of thr condensed water, and the
routine advances to the control operation of Step S9, and the
hot gas heater cycle fl is stopped (or restricted)

When the decision result of Step S11 ts YES, no cooling
mode has been performeil, il is determined ihai ihe inner
face of thc front (or side) windshield vvill not fog, and the
routine advances to Step S12, at which thc clcctromagnctic
clutch 11 is energized (or turned ON) to start the compressor
10 thereby to close the first solenoid valve 13 and open the
seconcf solenoicf valve 21 so that the heating mode by ihe hot
gas heater cycle H is executed (or turned ON). In short, Step
S12 controls thc heating mode. After this, the routine returns
to Step S3

The actions and el(acts of the seventh embochment will
now be descnbed
(A) ('ooling Mnde

When the refrigerating cycle is in the cooling mnde, the
clcctromagnctic clutch ll is turned ON to open thr first
solenoid valve 13 and close the second solenoid valve 21. As
a result, the hot and high-pressure gas coolant cftscharged
from the compressor 10 circulales in the ordinary cooling
refrigerating cycle ('nd flows into the evaporatnr 18 Thus,
the evaporator 18 acts as a cooler fnr the cnnfing operation
As a result, the air sucked into the air conditioner duct 22
cxchangcs its heat with the coolant at a lovv temperature and
under a low prcssure in thc evaporator 18 and is blown as
cooled condittonecf air into lhe compartment As a result, Ihe
inside of the compartment is coolecf.
(B) Healing Mode

When the operation mode of the refrigerating cycle is in
the hot gas heating mode, the hot gas switch 296 is turned
ON. When thc cooling water temperature (TW) is no niore
than thc prcdctcrmincd value (c.g., 80'.) so that the
heating capacity of the hol water type heater 80 is
insuificient, aml when the inner face of. Ihe windshield will
not fog, lhe electromagnetic clutch 11 is turned ON lo close.
the first solenoid valve 13 and open the second snlenoid
valve 21

As a result, thc hot and high-pressure gas coolant dis-
char cd from thc compressor 10 circulatcs in thc hot gas
healer cycle H and flows into lhe evaporator 18. Thus, the
evaporator 18 acts as a rruhator. The cooling water, which
has absorbed the heat of. Ihe engine 12, circulates in Ihe
cooling water circulating passage 79 and flows into the hot
water type heat exchanger 24. As a result, the air sucked into
thc air conditioner duct 22 is hcatcd via heat cxchangc with
thc hot as coolant in thc evaporator 18 and is further heated
via heal exchange wuh the hol cooling water in the hot water
type heal exchanger 24. As a resuh, lhe heated air is blov:n
into the compartment, aml lhe compartment is heaiecf.

Here, vvhen air is conditinned in the cooling mode for the
time perind from when the engine 12 is started by turning
ON thc i nition switch to thc tinie when thc engine 12 is
stopped, it is dctcrmincd that thc inner face of thr front
winclshielcl is susceptible to fogging. Here, the cooing mode
will be discussed in conjunction with a situ auon in which Ihe
compressor 10 has been operated for a predetermined lime
pened (e g, one minute) liy turning ON the air conditioner
(A/C) svvitch 29n.

This case can be exemplilied even ai an ambient tem-
perature of 0''r lower, for example, when the mode is
switched to the heater mode operation of the cooling mode
for dehumidifying the inside of the compartment I'hat is, the
rcfri crating cycle is switchccl from the cooling rcfrigeratin
cycle C to the hot as hcatcr cycle H.

In ibis case, lhe moisture on the surface of the evaporator
18 may be evaporated again during cooling mode so that ihe
air containing much moisture may be blown into Ihe com-
partment to fog the inner windshield llowever, once the
moisture on the surface of the evaporator 18 is hard to
cvaporatc at a loiv amliient teniperaturc of no more than0'.,

and thcrcforc reniains for a long time on thc surface of
lhe evaporator 18. When lhe evaporator 18 is switched from
lhe coolin ~ mode io the heanng mode, therefore, the inner
surface of the ivindshield mav fog

In this embodiment, therefore, when at least one moling
(or dehumidifying) operation by the ordinary refri crating
cycle C is perfomiccl from thc start (ON) to the stop (OFF)

ao of the engine 12, thc heating mode operation (or auxiliary
heaung operation) by Ihe hot gas heater cycle H is noi started
even if the heanng mode is set by the hot gas switch 29h.

As a result, air containing the moisture, as procluced hy
the evaporation of the condensed water having resicled for a

zs long time on the surface of the evaporator 18, can be
prcvcnted from (icing blown at a high rate into the compart-
ment. As a result, dcfogging performance of thc inner face
of. the front winclshield is enhancecl.

W'hen Ihe healing mode operation of the hot gas heater
.io cycle II is stopped, the inside of the compartment is heated

exclusively by the heatin capacity of the hot water heat
exchanger 24

Other examples of thc clcvicc for dctcrmining thc state of
vvindshicld fogging and thc clcvice for limitin heating moclc

is operation by Ihe hot gas heater cycle H are as follows.
[1] A blown air temperature sensor for detecnng ihe

temperature (Ta) of. air blown mto the compartment. Unul
the temperature of the conditioned air bloivn into the com-
partment becomes greater than a predetermined value, the

so tempcraturc of thc conditioned air to bc blown from the DEF
blow port 73 tovvard thc inner face of thc windshield is low,
and ihe temperature of. the windshield is also low. It is,
therefore, determined by the air comliuoner ECU 26 that the
mner face of the windshiekl will fog.

as I fere, the temperature of the conditioned air to be bloivn
into the mmpartment has a correlation to the coohng water
tcmpcraturc TW to be dctccted by thc coolin water tcm-
peraturc sensor 27a. It may thcrcforc bc clctcrmincd that thc
inner face of. Ihe winclshield will fog unul the cooling water

so temperature exceeds a predetermined value. Specific
examples ol: control, as based on the above concept, will
noiv be described

(I) When the difference between the temperature Ta of the
conditionccl air to bc blown from thc DEF blow port 73
toivard thc inner face of thc front ivindshield ancl thc ambient
temperature TAM is smaller ihan a predetermined value
(e, 30 lo 40'.), as dlustrated in the charactensuc
diagram of FIG. 15, or when Ihe difference between the
cooling water temperature 1W and the ambient temperature
TAM is smaller than a predetermined value (e.g., SO to(ifl'.),

it is clctermincd that thc inner face of thc front wincl-
shielcl vvill fo . As a result, thc FOOT mode is sclcctccl in
which only the FOOT blow port 75 is opened, aml the DEF
blow port 73 is closecl.

ss In short, the hoi gas heaung mode operation is limited by
maintaining the f)EI'ode in an unselected state in ivhich
only the 1)EI'low port 73 is opened, and the I'/D mode in
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which both the FOOT blow port 75 aml the DEF blow port
73 are npened.

Here, when the difference between the temperature 'I'a of
the conditionecl air and the ambient temperature I'AM (or the
dificrcncc bctwccn thc cooling water temperature TW and
thc ambient tcmpcraturc TAM) exceeds thc prcdctcrmincd
value, Ihe limit to the hot gas heahng mode operahon is
releaseci by controlling the blow port switching doors 76 io
78 to switch the mode to the I'/D mnde.

The difFerence between the blow temperature Ta nf the
conditioned air to be lifown from the DL'It blois pnrt 73 (i e,
thc cooling water tcmpcrature TW) and thc ambient teni-
pcraturc TAM is used to determine whether the windshield
will fog. As the conihlionecf air temperature Ta or Ihe cooling
water temperature TW are inihvidually correlated lo Ihe.

wmdshield temperature, however, whether the windshield
will fog may be determined exclusively based on the bloiv
temperature Ta or the cooling water temperature TW
Altcrnativcly, whcthcr thc wine(shield will fo may also bc
dctcrmincd cxclusivcly based on thc ambient temperature
TAM.

When Ihe comhtioneii air is to be blov:n in the FOOT
mode at a fnw rate from the DLil'fnw port, the hot gas
heating mode operatinn may be limited by selecting the
IACL'nde nr the If/I. mode.

(2) In another example, when the diffcrcnce between the
cooling water tcmpcraturc TW and thc ambient temperature
TAM is smaller than the predetermined vahie (e.g., 50 lo 60'

), as illuslralecf in FIG. 16, it is determined that ihe front
wmdshield will fog 'I'hen, the inside, outside air sivitching
door 72 is contrnlled tn switch the suctinn port mode to the
inside air circufatinn (RI.'C) mode, and the hnt gas heating
mode operation is limited by turning OFF the blower motor
23a to stop thc action of thc blower 23.

By this control, the air clue to Ihe pressure of the running
vehicle will nol pass through the evaporator 18 so thai Ihe
wincishielci can be prevenlecf from fogging.

When the difi'erence between the cooling water tempera-
ture TW and the amliient temperature TAM exceeds a
prcdctcrmincd value, moreover, the limit to thc hot gas
heating mode operation is released by setting thc suction
port mode lo the outside air inlrocfuclion (FRS) mode aml by
turmng ON Ihe blower motor 23n lo start the blower 23.

The temperature iiilference between the cooling water
temperature TW and the amliient temperature I'AM is used
to determine whether the windshield will fog In this case,
too, thc windshield fo ging state may bc determined exclu-
sively based on thc cooling water temperature TW, thc
ambient temperature TAM or Ihe blow temperature Ta.

(3) Next, when the difference between Ihe blow tempera-
ture Ta (which may be the cooling water temperature TW)
of the cnnditioned air (i.e., the conditioned air to be blown
from the DLI'fnw pnrt 73 toward the inner face of the front
winclshiclcl) to bc blown into thc compartnient and the
ambient temperature TAM is smalicr than thc predetermined
value (e.g., 30 lo 40'.), as illustrated in the FIG. 17, ii is
determined that the inner face of. the front windshield wdl
fog. Then, Ihe hot gas healing mode operation is stopped (or
turned OH') by turning OH'he cnmpressor 10

I fere, when the difference between the bloiv temperature
Ta of thc conchtioncd air (or thc cooling water temperature
TW) and thc ambient temperature TAM exceeds the prede-
termined value, the hot gas healing mode operahon is
executed (or turned ON) by turmng ON the compressor 10.

The temperature difference between the blow temperature
'I'a (or the cooing water temperature I'W) of the conditioned
air to be blown into the compartment and the ambient

temperature TAM ts used to tie(ermine whether the wind-
shield will fog I loivever, the state for the windshield to fog
may be determined exclusively based on the blow tempera-
ture 'I'a, the cooling ivater temperature I W or the ambient
tcmpcraturc TAM.

[2] In the flow dia ram of FIG. 14, when one of thc
cooling or dehumidifying modes of Ihe orcfinary cooling
refhgeraling cycle C is execuied lo cause Ihe evaporator 18
to act as the cooler from the start to the stop of the engine

io 12, the air conditioner L'CU 26 determines that the inner face
of the front windshield will fog, and stops the hot as heating
mode operation as one specific control cxamplc until thc
engine 12 is turned OFF (by turning OFF thc ignition
switch). To hmit the healing mode operahon, however, there
may be adopted the aforemenhoned ones oi: the examples (I)
and (2) of [I]

[3] FIG 18 is a diagram illustrating another ivay for
determining the state for the ivindshield to fog The abscissa
of FIG. 18 indicates an cnginc operation time period t from

oo thc stop of thc operation of the cooling moclc. This time
pehod I is an elapsed time period after ihe stop of the cooling
mode and inclicales Ihe operahon hysteresis of the cooling
mode.

The air conditioner L'('U 26 determines the state for the
as windshield to fog, from the ambient temperature 'I'AM and

the engine operation time period (or thc ciapscd time period)
t after the stop of thc cooling niode. Smcc morc conclcnsed
water is produced m Ihe mioling mode for ihe higher ambient
temperature TAM, more specilically, Ihe amount of evapo-
ration of the moisture increases to fog the ivindshielcl for the
higher ambient temperature TAM when the heatin mode is
started after the stop of the cooling mode

As a result, thc characteristics are macle, as iliustratccl in
FIG. 18, such that thc range X estimated for thc ivindshiclcl

is io fog becomes wider for the engine operation time penod
after ihe cooing mode stops for the higher ambient

temperature TAM. In ihe example of. FIG. 18, moreover, ihe
air conditioner L('U 26 determines from the ambient tem-
perature TAM and the engine operation time period t after

so the cooling mode stop whcthcr or not thc state after thc
cooling moclc stop falls within thc windshield fog estimated
range X of: FIG. 18. W'hen the state falls within the region
X, ihe compressor 10 is not started, thereby leaving the hot
gas healer cycle H slopped (or OFF).

as When the state after the cooling mode stop falls outside of
the estimated fog region X of lri(i. 18, namely, within a
rc ion Y, thc conipressor 10 is startccl to close thc sofcnoicf
valve 13 and open thc solenoid valve 21 to thcrcby opcratc
(or turn ON) the hol gas heater cycle H.

so Thus, Ihe action (ON) aml stop (OFF) of. the hot gas heater
cycle H can be controlled based on the eslimatecf io ~ region
X which is detemiined by the ambient temperature I'AM and
the engine operation time period t after the cooling mode
stop.

Herc, the amount of conclcnscd water to bc produced in
Ihe cooling mode is lower for Ihe shorter operahon hme
pehod of. the last (or preceding) mioling mode. For the
shorter operation hme pehod of the cooling mode, therefore,
the boundary line of the estimated fog region X of I I(i 18

may be corrected to the shorter side with respect to the
cn inc operation time periocl t after thc cooling mode stop.

Herc in thc example of FIG. 18, the opnation (ON) ancl

slop (OFF) of the hoi gas heater cycle H are controllecl based
on the estimated fo ~ region X. Ii is, however, quite natural

os Ihat ihe way for limihng ihe heahng mode operation can be
exemplified by the (I) and (2) of [I] above in place of
stopping the operation of the hot as heater cycle II
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[4] When the passenger depresses the defroster (DEF)
switch of the blow mode s&vitching switch 29c of the air
conditioner contrnl panel 28 tn issue the cnm mand signal for
fixing the blow port mode in the DEF mnde (that is, ivhen
thc passcngcr rccognizcs that thc windshield is fog ing), thc
air conditioner ECU 26 dctcrmincs that thc inner surface of
the front windshield will fog. When th&s determ&nauon &s

macle, the heat&ng mode operat&on by the hot gas healer cycle
H is instantly stnpped (Ol'F) Before the hot gas heating
mode nperation is started, on the other hand, the heating
mode operation is not started.

[5] A humidity sensor may be disposed in the vicinity of
thc inner surface of thc front windshield so that thc fo ging
state of the front w&ndshield may be determined by the air
comhtioner ECU 26 when the hum&d&ly &n the v&c&nily of Ihe.

inner face of the front windshield takes a value near l(X)cya

(such as 90&7n).

Here, the humidity of the air in the vicinity of the inner
face of thc front windshield may aiso lic cstin&atcd from thc
blow tcmpcraturc TE of thc evapnrator 18 and thc tempera-
ture of the front w&ndsh&eld. Here, Ihe temperature of. Ihe
w&nclsh&el&i can aim& be est&mated not by clelecung &I wnh a
dedicated sensor but from the ambient temperature, the
vehicle nperating cnnditions and so nn

[(&] A temperature sensnr may be dispnsed in the vicinity
of thc front (side) windshield to detect thc temperature nf the
front windshield so that the ECU 26 can determine when the
w&ndsh&eld temperature is lower than a predetermined value.
whether or not the inner face of the Iront windshield will log.
I lere, the temperature nt'he frnnt windshield may also be
estimated frnm the ambient temperature, the vehicle speed,
the blow rate (e.g, the bio&ver control voltage to be applied
to thc blower motor) of the ccntrifu al fan 13, and thc blow
tcmpcraturc of the conditioned air tn be blown from thc DEF
blow port 73.

Here, even when the windshield fogg&ng stale &s de&ar-

m&ned by Ihe aloremenl&onecl [4], [5] aml [6], Ihe hm&l to Ihe
heating mnde operatinn by the hot gas heater cycle I I may
also be perfnrmed, as in the foregoing examples, by stopping
thc operation of thc hot gas heater cycle H or (I) and (2) of
[I] so that its clcscription is omitted.

When the ECU 26 determines that the w&ndsh&eld will fog
(or &s bable to fog), as clescribed above, the veh&cle air
comhtioner of. Ihe seventh embod&ment lim&ls Ihe execuuon
of the heating mnde nperatinn by the hnt gas heater cycle I I

even if the hot gas heating switch 296 is depressed.
By cxccuting at least onc cooling (or dehumidifying)

mode operation by thc ordinary cooling refrigerating cycle
C after Ihe start of Ihe eng&ne 12, therefore, &t &s pose&ble io
prevent the comlensed water on the surface of. the evaporator
18 Irom evaporating aga&n or to prevent high hum&dily air
containing much water from being blown toward the wind-
shield. As a result, it is possible to suppress the fngging of
thc windshield, as might othcrwisc lic caused by hi h
humidity blown air in the heating mode.
[Other Embodiments]

(1) The first anil seconcl solenoid valves 13, 21 &n lhe.

foregoing embod&ments can be replaced by one valve unit
having a plurality of integrated passage switching functions

(2) The foregoing embndiments have been described as
having an air conditioner contrni panel provided with a
dcchcatccl switch that is manually nperated by thc passcngcr
as the heat&ng switch. However, this manually opera&eel
ded&cated sw&lch can also be rephiced by another switch.
When Ihe healing manual sw&lch for the idle-up of. Ihe
vehicle engine 12 is disposed on the vehicle side, for
example, the heating mode by the hot gas heater cycle may

as

be started m asm&ciauon w&th the ON of that engine heaun ~

manual switch
(3) When the engine 12 is automatically warmed up by

determining the conditions necessary fnr the ivarming-up of
thc vchiclc engine 12 liy the (not-shown) engine clcctronic
control unit, morcovcr, thc heating moclc of thc hot gas
heater cycle may be automatically started based on lhe
warming-up s&gnal in Ihe engine electron&c control un&l.

(4) In the foregoing embodiments, the invent&on has been
io applied to the refrigerating cycle dev&ce of a vehicle air

conditinner I lowever, the invention could also be applied to
the rcfrigcratin cyck device of an air conditioner for
airplanes, ships or trains. Morcovcr, the invention could bc
applied further to the refrigerating cycle dev&ce of domesuc
or industrial-type a&r concliuoner for factories, shops,
houses, or the like

While the above description is of the preferred embodi-
ment of the present invention, the inventinn may be modified
vvithout clcparting from thc proper scope or fair meaning of

ao thc accon&panying claims. Other aclvantages of thc prcscnt
invention will become apparent to those skillecl &n lhe arl
after study&n ~ the foregoing text and drawings &n conlunc-
tion with the follnwin claims

What is claimed is
zs 1. An air conditioner for inhibiting fogging nf a vehicle

winclshield, comprising:
a refrigerating cycle including an inside heat exchanger, a

compressor, an outsiclc heat exchanger, and first pres-
sure rcclucin means connected in circuit;

a hnt gas heater cycle including said inside heat
cxchan er, saicl compressor, and second prcssure
rcclucin means connectccl in circuit, said hot gas heater
cycle bypassing said outsiclc heat cxchangcr;

an air conditioner cluct in which said insicle heat
cxchan er is disposccl for conditioning air blown thcrc-
Ihrough; and

control means inclucling window fog in dctcrmining
means for dctem&inin whether saicl windshield will
fog, anil for hmiung operauon of sa&d hot gas heater

so cycle when sa&d window B&gging delerm&n&ng means
determines that said ivindshield will fng

2. An air cnnditioner accnrding tn claim 1,
wherem said w&ndow Rigging cleterm&n&ng means deter-

mines ivhether the ivindshield &vill fog based on physi-
cal properties relatin to windshield temperature

3. An air conditioner accorcling to claim 1,
wherein said window fo gin determm&ng means deter-

mines ivhether the windshield will fo based on opera-
tion hysteresis of thc refrigerating cycle in which saicl
inside heat cxchangcr functions as an evaporator.

4. An air conclitioner secor&ling to claim 1,
further comprising air conclitioncr mode setting means for

setting a dcfrostcr moclc in which thc blown air is
blown from sa&d a&r comhuoner duct lower&I said
wmdsh&eld, aml

said windovv fog ing dctcrmining means dctcrmines
whether Ihe windshield will fog &n said defroster mode.

5. An air conclitioner secor&ling to claim 1,
wherein said window fogging determining means clcter-

m&nes whether or not saicl w&mlshield w&11 fog based on
physical properties relating to inside air humichty in
proximity tn the windshield

6. An air cnnditioner accnrding tn claim 1,
as wherem smd control means does not start said compressor

ivhen .said control means determines that the wind-
shield &vill fng
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7. An air comhtioner according to claim I,
wherein said control means controls said compressor so

that a temperature of said inside heat exchanger is no
more than a predetermined value when said control
means dctcrmincs that said windshield wiil fog.

8. An air conditioner accordin to claim 7,
whcrcin said control means controls said compressor so

that the temperature of said intude heat exchanger is no
more than O'. when an ambient temperature is no
more than 0':, and sn that the temperature of said
inside heat exchanger is equal tn the ambient tempera-
ture when the ambient temperature is higher than 0':

9. An air conditioner according to claim 7,
whcrcin said control means controis thc tenipcraturc of

saitl inside heat cxchan er by interruptin operation of
said compressor.

IU. An air contfitioner according to claim I,
wherein one of a ilelroster mode, in which the blown air

is blown from said air conditioner duct toivard the
windshield, and annther hlnw mnde in ivhich the hinwn
air is blown from thc air conditioner duct toward a
passcngcr, is sct; and

whcrcin said control means selects said another blow
mode when saul control means determines that saitl
windshieltf will fog.

11 A vehicle air conditioner according to claim I, further
composing:

an inside air suctinn port for sucking inside air intn said
air conditioner duct, and an outside air suction port for
sucking outside air into said air conditioner duct; and

a blower for establishing a flow of said blown air in said
air contfitioner duct;

wherein saitf control means selects an insule air mode to
open said insitfe mr suction port aml close said outside.
air suction port when said control means determines
that said wmdshield ivill fog, and stops said blower

12. An air conditioner accordin to claim I,
whcrcin saitl compressor is an en inc-driven fixed dis-

placement type compressor driven through a clutch,
anil

wherein saitf control means controls saul compressor
during said heating motfe by interrupting smd clutch so
that discharge pressure of said cnmpressor falls within
a predetermined range

13. An air conditioner according to claim I,
wherein said compressnr is a variable displacement type

compressnr having a displacement varying mechanism
for varying discharge dispiacenient, and

wherein the discharge displacement is adjusted by said
displacement varying mechanism sn that the discharge
prcssure of said compressor falis within a predeter-
mine(i range during operation of said heating niode.

14. An air contfitioner according to claim I,
whcrcin said compressor is driven by a vehicle engine,

and
whcrcin a hot water type heat exchanger is disposed

downstream of said inside heat exchanger in said air
conditioner tluct for hcatin the blown air via hot water
from said vehicle engine.

IS. An air contfitioner, compritnng:
a refrigerating cycle for operating an insitle heat

exchanger as an evaporator by returning a coolant, as
dtschargeil from a compressor, through an outside heat
exchanger, first pressure reducing means and said
inside heat exchanger to said cnmpressor; and

iu

is

as

so

a hot gas heater cycle for operaung said inside heat
cxchan cr as a ratliator by returmng thc coolant, as
thacharged from said compressor, through second pres-
sure reducin means and said inside heat exchanger to
said compressor while bypassing said outside heat
exchanger,

wherein said inside heat exchanger is disposed in an air
conditioner duct through which hloivn air tloivs,

wherein a coolin ~ mode is executeil by blowing air cooled
by said inside heat cxchan cr of sairl rcfngcrating
cycle, and a heating mode is executeil by blowing air
heated by said inside heat exchan er of said hot as
heater cycle, anil

whcrcin control means is provide(i for controlling sairl
compressor dunng operauon of. said heating mode so
that a temperature of said inside heat exchanger may be
no more than a predetermined value.

16 A vehicle air conditioner, comprising:
a cooling mode circuit,

a hcatin mode circuit;

said cooling and heatin mode circuits having a common
inside heat exchanger that operates as an evaporator
during operation of the cooling mode, and that operates
as a radiator during the heating morlc;

a controller that determines ivhether a vehicle windshield
fog nng comhhon exists, anil that controls the cooling
and heatin mode circuits tn inhibit windshield fog-
ging;

wherein the cooling and heating mode circuits also
inchide a common lixeil type compresm)r, said m)ntrol-
ler controlling operation of said compressor tn control
a tcniperaturc of sairl common insirlc heat cxchangcr to
inhibit said ivindshield fngging;

wherein thc controller controls operation of the cooling
anti heating modh cirhmits based on an estimate(i wind-
shield temperature to inhibit said windshield fogging,
aml

ivherein the estimated windshield temperature is deter-
mined from a dificrcncc between cnginc cooling v ster
tcmpcraturc and outside air temperature.

17. A vehicle air condiuoner, composing:
a cooling mode circuit;

a heating mode circuit;
said cooling aml heaung mode circuits having a common

inside heat exchanger that operates as an evaporator
during operation of the cnolin mode, and that operates
as a radiator during the heatin mode;

a controller that determines whether a vehicle windshield
fogging comhuon exists, and that controls the m)oftn ~

aml heaun ~ mode circuits to inhibit wintlshield log-
ging;

wherein thc cooling anti heating mode circuits also
include a conimon lixed type compressor, said control-
ler controllin operation of said compressor to control
a temperature of. said common inside heat exchanger to
inhibit said wimlshield fogging;

ivherein the controller cnntrnls operatinn of the cooling
anti heating modh cirhmits based on an estimate(i wind-
shield tcmpcraturc to inhibit said wintlshieltl fogging;
aml

ivherein the estimated windshield temperature is deter-
mined from engine cooling water temperature
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Ig. A vehicle air conditioner, compnsing.
a cooling mode circuit;

a heating mode circuit;
sa(d cooling and heating mnde circuits having a common

(nside heat exchanger that operates as an evaporator
during operation of the cooling mode, and that nperates
as a radiator during thc heating mode;

a controller that determines whether a vehicle windshield
fogging con(hi(on exists, aml that controls the cooling
and heatmg mnde circuits to inhibit wincishield fog-
ging;

whcrcin thc coolin and heating mode circuits also
include a common variable type compressor, said con-
troller controlling operation of said compressor to
control a temperature of said common inside heat
exchanger tn inhibit said windshield fogging; and

whcrcin thc cstimatcd windshield temperature is deter-
mined lrom a dilference between engine cooling water
temperature ancf outside air temperature.

19. A vehicle air conditioner, compnsing.
a cooling mode circuit;
a heating mode circuit,
sa(d cooling and heating mnde circuits having a common

(nside heat exchanger that operates as an evaporator
during operation of thc cooling mode, and that operates
as a radiator during thc heating mode;

is

a controller that determines whether a vehicle winclshield
fo gin condition exists, ancl that controls thc cooling
aml heating mode circuits to inhibit windshield log-
ging; and

wherem the controller controls a temperature of the inside
heat exchanger based on mapped values of both cnginc
cooling water temperature anil outside air temperature

20 A vehicle air conditioner, compnsing
a cooling mode circuit,

a heating mode circuit;

said cooling and heating mode circuits having a common
mside heat exchanger that operates as an evaporator
during operation of the coolin mode, and that operates
as a radiator during the heating moclc;

a controller that determines whether a vehicle winclshield
fogging comhuon exists, and that controls the n(ohn ~

aml heaun ~ mode circuits to inhibit winclshield log-
ging; and

a plurality of air outlets through which the iiloivn air is
selcctivcly output, thc controller inhibiting thc blown
air from being output through one or more of the air
outlets when the controller determines that the wind-
shield fogging condition exists at the one or more of the
air outlets


