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In a vehicle air conditioner, a refrigerant cycle system is
constructed to switch a cooling refrigerant cyca ivhcrc an
interior heat cxchan cr is used as an evaporator, and a hot
gas heater cycle whcrc thc interior heat cxchangcr is used as
a radiator. Further, it is determined whether the intenor heat
exchanger has a quantity of. retamed water in a heaung mode
due to the hot gas heater cycle When it is determined that
the quantity of retained water is in the interior heat
exchanger in the heating mode, operation of a compressor of
the rcfri erant cycle system is intermittently controlled so
that tcmpcraturc of air blown from thc interior heat
exchanger becomes lower than temperature of a vehmle
wimlshield.
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VEHICLE AIR CONDITIONER HAVING
REFRIGERANT CYCLE WITH HEATING

IrUNCTION

('.ROSS RL'I L'RL'N('L) I'0 REI.AIL'I)
APPLICATION

This application is based nn .Iapanese Patent Applications
No 2001-278330 file on Scp. 13, 2001 and No. 2002-
171595 file on Jun. 12, 2002, thc disciosurc of which is
incorporated herein by reference.

I'IL)I.D Ol'11IL'NVI.'N 11ON

Thc prcscnt invention rciatcs to a vehicle air conditioner
having a hot gas heating function using an intemor heat
exchanger (evaporator) as a radiator by directly introducing
a gas refngerant (hol gas) discharged from a compressor inio
the interinr heat exchanger. 'I'he present inventinn relates
particularly to a system in which condensed water is pre-
vcntcd from evaporating in the interior heat exchanger and
from fog in a vchiclc windshield in a heating mode.

BACKGROUND OF THE INVENTION

In a conventional vehicle air conditioner, hot water (i.c.,
cnginc cooling water) is circulated in a hcatin heat
exchanger dunng a heating operation in winter to heal air io
be conrlitioned in the heating heat exchanger by using lhe
hot water as a heat source In this case, when the hot water
temperature is low, the temperature of air to be bloivn into
a passenger cnmpartment is lowered and thus may be
insufficicnt for a heating capacity.

Thus, JP-A No. HS-272S17 proposes a vehicle air con-
ditioner which has a heating function by using a hot gas
heater cycle When the hot water temperature is lower than
a predetermined value as just after the start-up of an engine,
gas rcfrigcrant (or hot as) discharged from a compressor is
introduced into an interior heat exchanger (evaporator)
while bypassing a condcnscr to release the heat from thc gas
reingeranl lo the air to be condilioneri in the intenor heal
exchanger to obtain an auxiliary heaung function. That is, in
the above conventional vehicle air conditioner, one heat
exchanger disposed in an air conditioner case is selectively
used as a cooler in a cooling mode and as a radiator in a
heating mode.

By thc ivay, in the vchicic air conditioner, an inside air
mode may be set lo prevent contaminaleri ouLside air from
being tnlroduceil ilunng the healing mode in v:inter. In ibis
case, it is necessary ior the evaporator to cool and dehu-
midify the air to be cnnditioned to prevent the ivindshield
from fogging Accnrdingly, until an outside air temperature
drops to O'., thc refrigerating cycle niay be used in the
cooling mode

After thc rcfingcrating cycle is operated at an outside air
temperature of. about 0'. with lhe cooling mode to prevent
the fogging of the windshield, lhe refngeraling cycle may be.

switched to the hot gas heater cycle (heating mode) to
increase the heating capacity. Mnreover, after the refriger-
ating cycle is opcratcd with thc cooling mode and then is
stopped at once and is started with thc hot gas heating cycle
(heating mode).

In the above case, condenseri water generated in lhe
cooling mode of lhe refngerating cycle remains on lhe
surface of the intenor heat exchanger. Thus, iT Lhe refnger-
ating cycle is started in the heating mode, the interior heat
exchanger functions as the radiator ot'he gas refrigerant to

rapidly increase the temperature of. the interior heat
exchanger. Accordin ly, the condensed water on the surface
of the interior heat exchanger evapnrates, and air having a

high humidify is blown into the passenger, so that the
vehicle ivindshicld is fogged.

Morcovcr, thc conrlcnscd water once gcncrated on thc
intemor heal exchanger by the operauon of. the cooing motle
does not easily evaporate at a low outside air temperature in
wmier and may remain for a long ume. Thus, even nol lusL
after sivitching from the coolin mode tn the heating mode,
the vehicle windshield may be fogged by starting the heating
mode of thc rcfri crating cycle.

Thus, thc prcscnt inventors proposed, in JP-A No. 2000-
219034, an invention of aiming to prcvcnt thc conrlcnsed
water in the interior heal exchanger from evaporaung and
fog nn ~ the vehicle windshield in lhe healing mode in the
vehicle air conditioner having the hot gas heatin function

In this related art, a physical quantity relating to the
temperature of the windshield and the inside air humidity in

o thc vicinity of thc vchiclc ivinrlshield arc dctcctcd and it is
determined based on this physical quantity whether or not
thc windshield is in thc state of fog in When it is deter-
mined thai lhe vehicle winilshieltl is in the slate of fogging,
lhe refrigeralmg cycle is conlrolletl so as lo suppress Lhe

as temperature of the interior heat exchanger More
specifically, the temperature nf the air blown out of the
interior heat cxchan cr is controlled to suppress thc evapo-
ration of thc condensed water in thc interior heat exchanger
to thereby prevent thc vchiclc windshield from fo in .

I)
However, according to the speciiic expenment aml study

of. Lhe refiled ari, since whether or not the vehicle winrlshield
is in Lhe state of. fogging is indirectly determined (esumated)
based on the physical quantities relating to the temperature
of the ivindshield or the inside air humidity in the vicinity of
thc vehicle windshield, a tcmperaturc control not relating to
thc actual quantity of condenscrl water that is retained in thc
intemor heat exchan er (in Lhe speciiicaiion, reierreil to as
"the quantity of retained water') may be periormed.

Thai is, since lhe quantity of retained water on the intenor
heat exchanger is not directly determined m the related art
as described above, even in the case ivhere the conrlensed
water is not retained on the interior heat exchanger, that is,
even in thc case where the control of prcvcnting thc fogging

„s of thc windshield is not actually requircrl because there is no
retained water, lhe temperature of lhe air blown out of the
miemor heal exchanger may be suppressed Lo uselessly hmit
the heating capacity of the hot gas heating mode

SUMMARY OF THE INVENTION
so

In viciv of thc above-rlcscribcd problems, it is an oblcct of
thc present invention to prcvcnt a vehicle winrlshicld from
foggmg m a hol gas heaung mode.

Ii ts anolher objeci ol. Lhe present invention lo correctly
determine whether or nol lhe control of prevenung Lhe

fogging of the vehicle ivindshield is necessary, and to
effectively perform heatin capacity in the hot as heating
mode while it can prcvcnt the vehick winrlshicld from
fog in .

According to the present invention, in an air conditioner,
a rcfri erant cycle system is constructcrl to switch a cooling
rcfri crant cycle where rcfrigcrant dischargcrl from a com-
pressor is returneil to the rx)mpressor through an extenor
heat exchanger, a pressure reducmg device anil an intenor

as heat exchanger, and a hoi gas healer cycle where Lhe

refrigerant dischar ed from the cnmpressor is directly intro-
duced to the interior heat exchanger through a hnt gas bypass
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passage while bypassing Ihe exterior heal exchanger.
Further, a control unit lor conlrolhng operation ol. Ihe
rcfngcrant cycle system performs a cooling mode for cool-
ing air in thc interior heat exchanger by using thc cooling
refngerant cycle, and a heating mode for heating air in the
intehor heat exchanger by using the hot gas heater cycle
The control unit incluries determining means for determin-
ing whether a quanhly of retained water is in the intenor heal.
cxchangcr, and control means for controlling temperature of
air blown out of thc interior heat cxchangcr to a range lower
than a dew pomt even when air blown nut of the air
conditioning case is cooled liy a vehicle windshield when
the determining means iletermines that the quantity of
retained water is in the intehor heat exchanger in the heating
mode. Accorrhngly, in the heating mode duc to the hnt gas
hcatcr cycle, it can accurately prevent thc vehicle windshield
from fogging In addition, ivhen the determining means
determines that the quantity of retained ivater is in the
intehor heal exchanger, the control means mntrols Ihe
temperature of air blown oul of the interior heat exchanger
to a ran c lower than the dew point. On thc other hand, when
thc dctcrmimng means determines that the interior heat
exchanger does nnt have the quantity nf retained water, the
temperature of air blown out of the interior heat exchanger
is nol restncted Thus, healing capacity in the heating mode.
can be electively improved.

Preferably, the control means controLs the temperature of
air bloivn out of the interior heat exchanger to be lower than
temperature of. the vehicle wimlshield when the determining
means ilelermines thai Ihe quanhly of retained water ts in Ihe
intchor heat exchanger. Since air is forcibly passed throu h
the intehor heat exchanger even if condensed water evapo-
rates in Ihe heating moile, the relative humidity of. air blov:n
from the interior heal exchanger is generally about from
g0% to 90% Thus, even if air near the vehicle windshield
is cooled by the vehicle windshield to be reduced to the same
tcmpcraturc as thc vchiclc windshield, the relative humidity
of air near thc vchiclc windshield is increased to only from
80% lo 90% thai is same degree as the relative humidity of.

air blown Irom the intenor heat exchanger.
Further, thc control unit corrects a target tcmperaturc of

air blown out of the interior heat exchanger with respect to
the temperature of Ihe vehicle wimlshield, based on a
lilowing mode nf air bloivn out ot'he air conditinning case
and a quantity nf air blnwn into the air conditinning case
Accnrdingly, when the quantity of blnivn air is large and in
thc blowing motte where the rate of moisture evaporated and
blown to thc inner surface of thc vehicle windshield is small,
the target temperature of air blov:n from the intehor heat
exchanger is correcleri lo a higher temperature sirie, so that
the heahng capacity in Ihe heating motte can be improved.

Preferably, Ihe control means controls the temperature, of
air blown oul of the interior heal exchanger by controlling a
discharge capacity of the compressor Specifically, the dis-
charge capacity of the compressnr can be contrnlled by an
intermittent control of compressnr operatinn, a variable
control of thc dxschargc capacity of thc cnmpressor, a
vahabk control of thc rotation spccd of thc cnmpressor and
the Itke.

Prcfcrably, thc controi unit calculates the quantity of
evaporation of condcnscd water in the intcrinr heat
exchanger in an air blowing mode, and Ihe quanhty of
evaporahon of comlensed water in the air blowing mode is
used as mformation fnr calculating the quantity of retained
water. Therefnre, the quantity of retained water can be
accurately calculated.

On the other hand, the temperature of the vehicle wind-
shield is calculated liased nn an outside air temperature and

a temperature increase of. the vehicle windshield due to air
blown oul of the air condihoning case. Therelore, ihe
temperature of the vehicle wmdshiekl can be accurately
calculated without usin a temperature sensor only for
detecting the temperature of the windshield. I urther, the
temperature increase is calculated based on information
relating to thc temperature of air blown out of thc air
conditioning case, anil information rclatmg to thc quantity of
air blown oui toward the vehicle wintlshield among air
blown oui of. Ihe air comhtioning case.

Prcfcrably, thc tcniperaturc of the vchiclc windshield is
calculated based on an outside air temperature, informahon
relahng lo a temperature of air blown oul towaril the vehicle
windshield from the air conditioning case, and information
relating to a vehicle speed Therefore, the temperature of the
vehicle windshield can be more accstrately calculated

13RILI')LS(:RIPTIOiq Oli 'I'IIL'RAWIisi(IS

Other objects, features and advanta es nf the present
invention will beconx, niore apparent from thc following
detailed rlcscription niarlc ivith refcrcncc to the accompany-
ing drawin s, in which:

FIG. I is a schematic diagram showing thc general
structure of a vehicle air conditioner according to a first

as embodiment of. Ihe present invenhon;
FIG. 2 is a lilock diagram of an electric control of the first

cmbodinicnt;
FIG. 3 is a flow chart showing a compressor control in a

hot gas heating mode in accorrlance with the first cmborli-
so ment;

FIG. 4A is a graph obtained by cxpcrimcnt results,
showing an evaporator air tcmperaturc control in a hot gas
hcatin mode, for prcvcnting a fo ging in a vehicle
wimlshield, in accordance with Ihe lirst embodiment, and
FIG. 4B is a control characlenshc diagram of an evaporator
air temperature (Te) in the hot gas heating mode;

FIG. SA is a graph for calculating the quantity of retained
water in the evaporator in accordance with the lirsi
embodiment, I'IG. 533 is a graph shoivin the quantity of
condensed water for unit time in a cooling mode shown in
FIG. SA, FIG. SC is a graph showing thc quantity of retained
water in the evaporator in an uncontrolled motte shown in
FIG. 5A, anil FIG. SD a graph showing ihe quantity of
evaporated water for unit lime in a hot gas heahng mode
shown in FIG. SA,

FIG. 6 is a liow diagram showing a method for calculahng
Ihe quanhty of. retained water in the evaporator in accor-
dance with the tirst embodiment;

FIGS. 7A and 7B are characiehstic diagrams lor calcu-
so

lating ihe quantity of comlensed water in a coolin ~ mode in
accordance with the tirst embodiment;

FIG. 5 is a characteristic diagram for calculahng the
quaniily ot. water evaporation in ihe hol gas heating mode in
accordance ivith the first embodiment;

FIGS. 9A and 9B are characiehstic diagrams lor calcu-
lating the quanhty of divcharged water in an uncontrolled
mode in accordance ivith the first embodiment;

FIG. 10 is a characteristic diagram showing a relationship
between an increase (6'I'ws) in a windshield temperature
(Tivs) and an engine water temperature ('IW), in accordance
with the first embodiment;

l)GS II A— 111) are characteristic diagrams for calculat-
ing the increase (6'I'ws) in the ivindshield temperature in

as accordance with the first cmliodiment;
I'IG. IZA is a table .showing examples (I Ho) for calcu-

lating the quantity of water evaporation W(L') in an air
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blowing mocfe in accordance with a seconcf embodiment,
and I'IG 1213 is a characteristic graph shnwing a relation-
ship betlveen a hlnwer operation time and the quantity of
water evaporatinn W(L') in the air blowing mode in the
examples (I)—(6) shown in FIG. 12A;

FIG. 13 is a characteristic graph showing a relationship
between an engine water temperature (Tw) and a passed lime.
after the stop of an engine, in accordance with a third
embodiment,

FIG. 14 is a characteristic graph for calculating the passed
lime after Ihe slop of. Ihe engine based on an engine water
temperature (Tw), in accordance with the third embodimeni;

I'l(t 15 is a characteristic graph for calculating the passed
time after thc stop of thc engine based on an inside air
tcmpcrature (Tr), in accordance with thc third embodiment;

FIG. 16 is a characteristic graph for calculating the passecf
time after the stop ot'he engine based on a temperature
change in an nutside air temperature (Tam) before and after
thc stop of thc engine in accordance with thc third embodi-
ment;

FIG. 17 is a schematic diagram for explaining a calcula-
tion of a windshield temperature (Tws) in accordance lvith
a fourth embodiment;

FIGS. 18A—18C art graphs each showin a calculated
value and a measured value of Ihe windshielcf temperature
(Tws) in accordance v:ith the fourth embodiment; ancf

I'IG. 19 is a characteristic diagram showing an evaporator
air temperature control in accnrdance with a fifth embodi-
ment.

DLiTAB.Ltf) l)LSCRIPTION Ol'I IH
PRLiFL'RRLtf) L'MIK)I)IML'N Ifg

Preferred embodiments of the present invention will be
described hereinafter with reference to the accompanying
drawings.

I'irst Lmhodiment

FIG. 1 shows the general structure of. a vehicle air
conditioner in accordance with the first embodiment of the
present invention. A compressor 10 is driven through an
electromagnetic clutch 11 hy a water-cooled vehicle engine
12, and is constructed, for cxamplc, by a fixed displacement
type swash plate compressor.

The tfischarge side of. the compressor IU is connected
thrnugh a solenoid valve 13 for cnoling to a condenser 14
I'he outlet side of the condenser 14 is connected to a liquid
rcccivcr 15 for separating the refrigerant into gas refrigerant
ancl liquid rcfri crant, and thc liquid refrigerant is stored in
the receiver 15. The condenser 14 is an extenor heat
exchanger which is arranged together with the compressor
10 or Ihe like in a vehicle engine room. The condenser 14
exchanges heat with the nutside air (or cooling air) blown by
an electric coohng fan 14u I'he electric confing fan 14u is
driven by an clcctrical motor 14b.

Moreover, Ihe outlet side of Ihe liquid receiver 15 is
connected to a thermal expantnon valve 16 that is a pressure
reducing device for cooling. 'I'he outlet side of this thermal
expansion valve 16 is cnnnected through a check valve 17 to
an evaporator 18. 'I'he outlet side nf the evaporator 18 is
conncctcd through an accumulator 19 to thc suction side of
thc compressor 10.

An ordinary cooling refttgeraung cycle C is conslruclecf
of a closed circuit from the discharge side of the alxive-
mentioned cnmpressor 10 tn the suction side of the com-

pressor 10 throu h the solenoid valve 13 for cooling, the
condenser 14, the liquid receiver 15, the thermal expansion
valve 16, the check valve 17, the evaporator 18 and the
accumulator 19, in this order

The thermal expansion valve 16, as is well I nown in the
till, I'egllhltt:s lls valve opetutlg (clt tt:ftlgel'iltll llclw tate) so
thai Ihe degree of superheat of lhe outlet refngerant of the
evaporator 18 can be kept at a predetermined value in an
ordinary refrigeratin cycle operation (or in a cooling

'" mode). Thc accumulator 19 separates thc refrigerant into thc
gas refri crant and thc liquicl rcfrigcrant, so that thc gas
refngeranl aml a small quanuly of hquicf refrigerant (in
which the oil dwvoilves) in lhe vicinity of the bouom are
sucketf into the compressor 1U.

15 On thc other hand, bctwccn the discharge side of thc
compressor 10 and thc inlet siclc of thc evaporator 18, a hot
gas bypass passage 20 through which refrigerant is directly
introduced into the evaporator 18 while bypassin ~ lhe con-
denser 14 and the hke is provided. A solenoid valve Ior

o heating 21 and a throttle 21u are disposed m series in the hot
gas bypass passage 20. 'I'he throttle 2la is a pressure
reducing unit for the heating operation The throttle 21u can
bc constructed by a fixed throttle such as an orifice or a

capillary tube. A hot gas hcatcr cycle H for thc heating
operauon is constructed ol: a closed circuit from the dis-
charge side ol: the compressor 10 to the suction side of the
compressor 10 through the solenoid valve for heating 21, the
throttle 21n, the evaporator 18 and the accumulator 19, in
this order.

t )

An air conditioner case 22 of thc vchiclc air conditioner
defines an air passe c through which air flows into a
passenger compartment. The air is blown in the air comh-
tioner case 22 hy an electnc air conclitiomng blower 23. The
air conclitioning blower 23 is shown by an axial-flow type to
simply sholv it, hut, in reality, is a centrifu al blower having
a centrifugal fan The air conditioning blower 23 is rotated
by a blower motor 23a controllccl by a blower drive circuit
Herc, it is possible to chan c thc quantity of air blown hy thc

so
blower 23 in the embodiment continuously or stcplvisc hy
adjusting a blower control voltage applied to the blower
motor 23u.

I'urther, on the suction side of the air conditioning blower
23u, an outside air suction port 70 for sucking air outside the

js passenger compartment (hereinafter referred to as "outside
air"), and an insiclc air suction port 71 for sucking air insiclc
thc passen cr compartment (hereinafter rcfcrrcd to as
"inside air") are provided. The mside air sucuon port 71 and
Ihe outside air sucuon port 70 are opened and closed by an
insicle atr/outside air switching door (insicfe air,'outside air
slvitching means) 72 I fere, the inside air toutside air switch-
ing means 72 is driven via a link mechanism (not shown) hy
an actuator such as a servo-motor to switch at least an
outside air suction moclc for sucking the outside air from thc
outside air sucuon port 7U and an inside air suction mode for
suckin ~ Ihe inside air from Ihe insicfe air sucuon port 71.

The evaporator 18 is an interior heat exchanger which is
disposed in the air conditioner case 22. The refrigerant is
circulated in the cooling mode hy the refrigeratin cycle(',.I

for thc cooling operation to cool the air blown by thc air
conditioning blower 23 through the rcfrigcrant evaporation
(heat absorption) in the evaporator 18. On thc other hand, in
Ihe heaun ~ mode, a hot gas refngerant (hol gas) flows into
Ihe evaporator 18 through lhe hol gas bypass passe e 2U to
heat the air, so that the evaporator 18 functions as a radiator

I lere, in the air conditioning case 22, a discharge pnrt 22u
for discharging the condensed water generated in the evapo-
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rator 18 is provicfed at Ihe lower porhon of. Ihe evaporator 18,
so that the condensed water is discharged tn the outside of
the passenger compartment thrnugh a discharge pipe (not
shown) connected to the discharge port 22n.

In thc air conditioning case 22, at the downstrcani side of
thc evaporator 18 in thc air flow direction, a hot-water type
heating heat exchanger 24 for heating the air from Ihe
evaporator 18 by umng the hot water (engine coohng water)
from the vehicle engine 12 as a heat source is disposecf. A hot
water circuit frnm the vehicle engine 12 to the heating heat
exchanger 24 is provided with a hnt water valve 25 for
controfling thc flow of thr hot water.

By thc way, thc hot water type hcatin heat exchanger 24
constitutes a main heating unit for heating the passenger
compartment. Relahve Io the main heating unit, Ihe evapo-
rator 18 (intenor heat exchanger) funcuoning as a heat
radiator by the hot gas heater cycle I I constitutes an auxiliary
heating unit

On the other hand, nn the most downstream side of the air
conditiomng casccl 22 in thc air flow direction, plural air
outlet ports 31—33 arc provided. Thc plural air nutlct ports
31—33 includes a defroster (DEF) blowing port 31 for
blowing out concfitioned air toward the inside surface of: Ihe
vehicle front windshield, a face (FACE) blowing port 32 for
blowing out conditioned air (mainly, cooled air) toward the
face pnrtinn (upper half of the body) nt'n occupant, and a
foot (FOOT) blowing port 33 for blowing out conditioned
air (mainly, warm air) toward the font portion (lower half of
thc bocly) of thc occupant. Moreover, a plurality of niode
switching cfoors 34—36 for selectively openingiclosing these.
blowing ports 31—33 are provufed. Here, these mode switch-
ing doors 34—36 construct an air-outlet mode sivitching unit,
and are driven by an actuator such as a servo-motnr via a link
mechanism (not shown).

An air conditioning clcctronic contrnl unit (herein after
rcfcrrcd to as "ECU') 26 is constructed of a micrncnmputcr
and us peripheral circuits, aml performs a precfeterminecf
computation in accordance with preset programs to open ancf

close the solenouf valves 13, 21 and to control the actions of.

the remaining electronic devices (11, 14a, 23, 25 and the
like)

I'IO 2 is an electric contrnl lifock diagram of the first
cmbodimcnt. Detection signals are applied tn the ECU 26
from a act of sensors including a water temperature sensor
27u of Ihe vehicle engine 12, an outside air temperature.
sensor 27b, an air temperature sensor 27c of: the evaporator
18, and a pressure sensor 27d of a compressor discharge
pressure, an inside air temperature sensor 27e, and a snfar
radiatinn sensnr 27/ for detecting the amount nf snfar
rachation into thc passenger conipartmcnt.

Also, control signaLs of a group of control switches
29a—29f arc applied to the ECU 26 frnm an air cnnditioning
operatton panel 28 that is disposed in Ihe vicinity of. a
dashboard in the passenger compartment. That is, an air
conditioning switch 29a cnmmands the start stop of the
compressnr 10 in the refrigerating cycle, and functinns as a
cooling switch for setting thc coolin niode. A hot gas switch
29h acts thc heating mode by thc hot gas heater cycle H and
functions as a heating switch.

Further, thc air conditioning oprratinn panel 28 is pro-
viclccl with a blowing mode switching switch 29c for switch-
ing the blov:ing mode of Ihe air condiuoner, a temperature
setttng switch (temperature setting unit) 29d for aching Ihe
temperature in Ihe passenger compartment at a cfesirecf
temperature, a lilower switch 29e for commanding turning
on/off the blower 23 and switching the amount of air, and an

mmde air/oucsicle air selection switch 29/'or commanchn ~

switching between the outside air suction mode and the
inside air suction mode.

Next, in the above constructinn, the nperation of the
above cmliodiment will now be dcscribcd. First, thc opera-
tion of thc rcfrigcratin cycle system will Iie described.
When Ihe air conchtionmg switch 29n is turned on Io set Ihe
cooling mode, Ihe solenoid valve 13 for cooling is opened
and the milenoid valve for heaung Z1 is closed by the ECU
26 Thus, when the electromagnetic clutch 11 becomes in the
connecting state and the compressnr 10 is dnven by the
engine 12, thc gas refrigerant discharged from thc compres-
sor 10 flows through thc solenoicl valve 13 for cooling,
which is in thc open state, into thc condcnscr 14.

In Ihe condenser 14, Ihe refngerant is roolecl and con-
densed by Ihe outside air that is blown by Ihe cooling fan
14n. Then, the refrigerant bavin passed thrnugh the con-
denser 14 is separated by the liquid receiver 15 into the as
refrigerant and the liquid refrigerant. The separated liquid
rcfri crant is exclusively rccluccd in prcssure by the thermal
expansion valve 16 so that a gas-liquid two-phase refrigerant
with low temperature aml low pressure is obtained.

Next, Ihe low-pressure refngerant passes through Ihe
check valve 17 and flows into Ihe evaporator 18 anil evapo-
rates by absnrbing heat from the air blown by the blnwer 23
The air confed in the evaporator 18 tlmvs mto the passenger
compartment to cool thc passen cr compartment. Thc gas
rcfri erant evaporated in thc evaporator 18 is sucked into thc
compressor N through thc accuniulator 19 to bc compressed

lr)
m Ihe compressor 10.

W'hen Ihe hot gas switch Z96 is turned on in winter to set
Ihe heating mode by using Ihe hot gas heater cycle H, the
solenoid valve 13 for cooling is closed and the solenoid
valve for heating 21 is npened by the ECU 26 so that the hot
gas Iiypass passe c 20 is opcncd. As a result, thc high-
tcmperaturc gas rcfrigcrant (or the superhcatcd gas
refri erant) discharged from the compressor 10 passes
Ihrough the heahng solenoicl valve ZL in Ihe open state and
is reduced in pressure by ihe throttle 21n amf then flows into
the evaporator 18. In other ivords, the superheated gas
refrigerant (hot gas) from the compressor 10 bypasses the
condcnscr 14 and thc like and directly flows into thc
evaporator 18.

At this time, thc check valve 17 prevents thc gas refrig-
erant from flowing I rom the hot gas bypass passage 20 to the
thermal expansion valve 16. As a result, in the heaung mode,
the refrigerating cycle is run by the closed circuit (i.e, the
hot gas heater cycle H) of the discharge side of the com-
pressnr N, the solenoid valve 21 fnr heatin, the throttle
2ln, thc evaporator 18, thc accumulator 19, ancl thc suction
side of the compressor 10.

Morcovcr, thc supcrhcated gas refngcrant having bccn
reduced in pressure by the throttle 21n heats the blown air
by releasing its heat Io Ihe blown air in the evaporator 18.
Ilere, the heat quantity to be released from the gas refrig-
erant in the evapnrator IS correspnnds tn the cnmpression
workload of thc compressor 10. Thc as rcfrigcrant having
rclcasccl its heat in thc evaporator 18 is sucked into thc

sti compressor 10 to bc comprcsscd after passin through thc
accumulator 19.

When the hot water tenipcraturc is low as fust after thc
start-up of: the engine IZ, Ihe air mindiuoning blower 23 is
subfected to a warming-up control such that it is started at a

as small quanhiy of mr. By flowing the hot water through Ihe
hot water valve 25 into the hot ivater type heating heat
exchanger 24, the blown air having heated by the evaporator
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18 can be further heated in the healing heat exchanger 24.
Therefore, even in the colri weather, the warm air, ihat is
hcatcd by both thc evaporator 18 and thc hot water type
heating heat cxchangcr 24 to have higher temperature, can
be bloivn into the passenger cnmpartment

Next, the capacity control in the heating mode of Ihe hot
gas hcatcr cycle H in accordance with thc first embodiment
will bc dcscnbcd specifically with reference to FIG. 3. Thc
control routine of I'IG 3 is started by starting (by turning
ON the ignition switch) nf the vehicle engine 12 I irst, at
step S10, it is detcrmincd whether or not thc hot gas switch
29h of thc air conditioning operation panel 28 is turned ON.
When the hot gas switch 29b is tu meri ON, that is, when Ihe.

hot gas heating mode is set, the control routine advances to
step S20 where it is determined whether or nnt the evapo-
rator 18 has a quantity of retained water A methnd of
calculating the quantity of retained water in the evaporator
18 will bc descnbcd with reference to FIGS. 5A—5D and
FIG. 6. Herc, when the hot gas switch 29b is turned ON, thc
solenoid valve 13 for cooling is closed and the solenoiri
valve 21 for heating is opened.

If thc quantity of retained water in thc evaporator 18
becomes smaller than a preiletermined minimum quannty
close to zero, it is determined al step S20 that no quantity of
water is retained m the evaporatnr 18 When no quantity of
water is retained m the evaporator 18, even if the evaporator
18 acts as thc heat radiator of the hot as, the condensed
water in thc evaporator 18 docs not evaporate and hence
docs not cause thc windshield to fog. Then, thc control
rouune advances lo step S3U where an electnc current is
passed through Ihe electromagneuc clutch 11 to pul Ihe
electromagnetic clutch 11 in the connection state (ON state),
whereby the compressor 10 is driven and put into the state
of operation (ON) by thc vchicic engine 12 via the elcctro-
ma nctic clutch 11.

On the other hand, at step S20, if the quantity of retained
water in thc evaporator 18 becomes larger than thc prcdc-
tcrmincd minimum quantity, it is dctemiined that thc quan-
tity of water is retained in the evaporator 18 aml ihe control
rouune advances to step S4U where il is determined whether
or nol an evaporator air temperature Te from Ihe evaporator
18 is higher than a windshield temperature Tws. I lere, the
evaporatnr air temperature I'e is the temperature directly
dctcctcd by thc tcmpcraturc sensor 27c, thc windshield
tcmpcraturc Tws is thc temperature of thc inside surface of
thc windshield in thc passenger compartment. As described
below, the temperature of Ihe inside surface of. Ihe v:iml-
shieltl is calculated (estimated) based on the out&tria air
temperature Tam and a temperature increase caused by the
air (warm air) liiown into the passenger compartment Then,
if Tc&Tws, thc control routine advances to step S50 ivhcrc
thc clcctric current passing through thc clcctromagnctic
clutch 11 is stoppctl (OFF) to stop (OFF) the compressor 10.
On the other hand, if Tee Tws, the control rou one arlvances
to slap S30 where Ihe electromagnetic clutch 11 is put inio
the cnnnection state (ON) so that the compressor 10 is
operated (ON state)

As described above, by intermittently controlling Ihe.

operation of the compressor 10, the evaporator air tempera-
ture I'e can be controlled at a temperature lniver than the
windshield tempcraturc Tws. Herc, during the heating
operation, to prcvcnt thc fog ing of the windshield, thc
outside air sucuon mode lor introducing Ihe out&tile air of.

low absolute humidity is selected as Ihe insule mr'utside
air suction mode In Ihe cold weather which requires Ihe
heating mode ot'he hot gas heater cycle II, the low-
temperature outside air at a temperature close tn O'. is

introduced into the evaporator 18. Even if the low-
temperature outside air is loiv in absolute humidity, it is
originally high in relative humidity. In addition to this, if the
condensed ivater in the evaporator 18 evaporates, the rela-
tive huniidity of air blown from thc evaporator 18 is as high
as about from 85%7a to 90'7r.

The air blown from the evaporator 18 is heated by the
hot-water type heat exchanger 24 to increase its temperature
and then is blown mto the passenger compartment from the
air conditioning case When this bloivn air contacts the
windshield at a loiv temperature to be cooled to a tempera-
ture lower than thc evaporator air tcmperaturc Tc, it rcachcs
a dcw point and condenses and causes the windshickl to fog

Hoivcvcr, according to the first cmbotlimcnt, ivhcn the
evaporator 18 has the quanuty of retaineil water, the com-
pressor 1U is turned on anil oil at the steps S40, S30, S50
descriiied above to make the evaporator air temperature I'e

lower than the ivindshield temperature 'IWs 'I'hus, even if
the air bloivn into the passen er compartment contacts the

—. windshield at thc lower tempcraturc to be cooled to a
tcmperaturc nearly equal to the tempcraturc of thc
wmdshield, ils relative humidity is increased only to the
value (about from 85% to 90%) of Ihe relauve humidity of
Ihe air blown out of the evaporator 18.

In other ivords, even if the air blown into the passenger
compartment is cooled by the ivindshield at the steps S40,
S30, S50 dcscrilied above, thc evaporator air tcmperaturc Tc
can be controlled within a range not reaching a dciv point
This can surely prevent thc fogging of thc winrlshicld even
if the condensed water evaporates in the evaporator 18 in the
heaung mode.

FIG. 4A shows Ihe el(act of prevenung fogging in the hot
gas heating mode in accordance with the first emborhment
In FI(i 4A, the vertical axis designates the evaporator air
tcmpcraturc Tc, and thc horizontal axis rlcsignates thc winrl-
shieltl teniperaturc Tivs. The windshield tcmpcraturc Tws
means the temperature of inside surface of Ihe windshield
insiile the passenger compartment. In FIG. 4A, the circular
mark denotes an actual evalualeil value when the windshield
(vehicle front ivindshield) starts to fog in a foot mode. I lere,
the foot mode means a mode in ivhich the air is blown
mainly to the foot arcs in thc passcngcr compartment from
the foot Iiioivin port 33 anil in which a small amount of air
is blown to the mside surface of the wimlshiekl in the
passenger compartment from the defroster blowing port 31

Further, m FIG. 4A, the rectangular marl denotes an
actual evaluated value ivhen the windshield (vehicle front
ivindshield) starts to fog in the defroster mode in ivhich the
air is bloivn out to the inside surface of the ivindshield in the
passen cr conipartmcnt front thc defroster blowing port 31.
Here, in both thc foot mode and thc defroster mode, thc
amount of air is set at a small air amount (Lo) of about 150
m':h, and the relanve humidity of. the air blown from the
evaporauir 18 is 90'7r,

The line A in lqG 4A designates a line of the windshield
temperature 'Ixvs, where the air blown from the evaporator
18 bavin the relative humidity of 90%, rcachcs a dcw point
That is, thc linc A in FIG. 4A is a fogging limit linc. Thc

sti upper sitlc of thc fog in liniitation linc A is a fogging
region where the windshieltl fiigs, and Ihe lower side of the
fog nn ~ limitation line A is a clear region where the wind-
shield does not fog.

Therefore, when the quanuty of retained water is in the
ss evaporator 18, as described above, by leaping the evapora-

tor air temperature Te at a temperature lower than the
windshield temperature Tws, the evaporator air temperature
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Te is abvays positioned in Ihe clear region below ihe fogging
limit line A Accordingly, the fogging of the windshield can
lie surely prevented

In this respect, even if the hot gas heating mode is
pcrformcrl in thc region whcrc the windshield temperature
Tws is lower than -8'., thc quantity of condensed water
evaporate)i in the evaporator 18 decreases, so Ihat Ihe
fogging limit line A is bent to the high temperature inde v:iih
respect to the evaporator air temperature Te Io reduce Ihe
fogging region.

I'IG 4B shows the relationship between the evaporator air
temperature 'I'e and the windshield temperature I'vvs when
thc windshield starts to fog. Thc linc A is the sante as the
fo ging limit linc A in FIG. 4A. If thc evaporator air
temperature Te is controlled in such a way as Io be lower
than Ihe windshield temperature of the line Av ith respect to
a change in the windshield temperature Tws, the fogging of
the wmdshield can be prevented Since the evaporator air
temperature Te on the line A is slightly higher than the
windshield tcmpcraturc Tws, if the evaporator air tempera-
ture Tc is controlled to bc lower than thc windshield tem-
perature Tws, the logging of. Ihe windshield can be pre-
vented further surely.

As can be seen from FIGS. 4A, 4B, in the region where
the windshield temperature Tws is loiver than —8'., the
evaporatnr air temperature 'I'e when the windshield starts to
fo is changed to thc higher temperature side with respect to
thc windshield temperature Tws. Accordingly, it is allowed
to usc a value corrected to thc higher temperature side than
the actual windshield temperature, as the windshield tem-
perature Tws at the step S4U in FIG. 3.

Next, Ihe step S30 in FIG. 3 is supplementally descnbed.
I'he electromagnetic clutch 11 does not remain to be simply
turned nn at the step S30. Actually, the electromagnetic
clutch 11 is intermittently turned on and off to control thc
operation of compressor 10 such that the discharge pressure
Pd (discharge capacity) of the compressor IU detected by Ihe
pressure sensor Zyd becomes smaller than a prerieiermineri
pressure (for example, 20 kg/cm G).

That is, when the discharge pressure Pd of the compressor
10 is lnwer than the predetermined pressure, the electro-
magnetic clutch 11 is energized to drive the compressor 10
In contrast, when thc discharge prcssure Pd of the compres-
sor 10 is hi hcr than thc predetermined prcssure, thc current
passing through the electromagnetic clutch ll is interrupted
to stop the compressor IU. In Ibis manner, by intermittently
turning on and off the compressnr 10, the upper limit of the
discharge pressure Pd of the compressor 10 can be con-
trolled to be within the predetermined range described above
in thc heating mode of thc hot gas heater cycle H. This can
prcvcnt an abnormal increase in the discharge prcssure Pd of
the compressor IU anil thus improve the endurance life of. Ihe
compressor IU.

In Ihe tirst embodiment, the step S2U described above
constitutes determination means for detemiining whether or
not a quantity nf retained water is in the evapnrator 18, and
thc steps S40, S30, SSU constitute controi means for con-
trolling thc air tempcraturc blown from thc evaporator 18 in
thc heating mode.

Next, thc concept of caiculating thc quantity of rctaincd
water in thc evaporator 18 will be described with reference
to FIGS. 5A—SD. FIG. SA shows Ihe relationship between a
change in the operation motte of a refngeraung cycle fi)r Ihe
air comit)oner aml a change in Ihe quannty of retained water
in the evaporator 18 associated therewith When the cooling
mode is set during the operatinn of the vehicle engine, the

condensed water is generated by Ihe cooling and dehumidi-
fying operation of the evaporator 18, so that the quantity of
retained water in the evaporator 18 increases in proportion
to the operation time of the cooling mode (operation time of
thc compressor).

Herc, FIG. SA shows a change in the quantity of rctaincrl
water in the case where the maximum quanuty (lull
quanuty) of. comlensed reiamed water in ihe evaporator 18
is 250 cc. The evaporator 18 is a laminated evaporator thai
is generally used in the vehicle air conditioner and is
constructed of a heat-exchan in structure that is a combi-
nation of flat tubes constructerl of laminated plates and
corru ated tins. Thc condcnserl water is attached to anil held
on thc surface of thc fins anil thc like.

Since the lull quannty of retained water is 250 cc in the
example shown in FIGS. 5A—SD, when Ihe quanuiy of
retained ivater calculated by the L('U 26 reaches the full
quantity of retained water (250 cc), the LCU 26 clues not
further increase the quantity of retained ivater but keep the

—. quantity of rctaincd water at a constant value (c.g., full
quantity).

The cxaniplc (I) in FIG. 5A shows thc quantity of
conilensed water in the cooling mmle shown in FIG SB.
This quantity of ix)ndensed water shown in FIG. SB is a

zs quantity per unit time (cr)Inin) and means a value olitained
by substituting the quantity of condensed ivater discharged
from the discharge port 22a of thc air conditioning case 22
from thc quantity of condensed water gennatcd from thc
evaporator 18. In thc example (I) shown in FIG. 5B, thc

l))
temperature of. Ihe horizontal axis tlesignates the iempera-
lure Tsucl of evaporaior suciion air aml Ihe percentage (v!r,)

designates the relative humidity H(R) of the evaporator
suction air I'urther, Me2 shows the blower level. As the
tcmpcraturc Tsuck of thc evaporator suction air bccomcs
hi hcr, the absolute humidity of the evaporator suchon air
incrcascs anil thc quantity of conrlcnscd water incrcascs

In the example (I) in FIG. 5B, the MeZ of ihe honzontal
axis shows thai the quanuty of air of the air contliuoning
blower 23 is the second middle quannty of air (in this
example, about 280 m') In this respect, the quantity of air
of the air conditionin blower 23 can be manually switched
lictwcen four steps of a low quantity of air (Lo), a first
middle quantity of air (Mc1), a second middle quantity of air
(Me2), and a lar e quantity of. air (Hi). The second middle
quantity of air (Me2) is Ihe second largest quantity of air
next io ihe large quantity of air (Hi).

An unr ontrolled mode includes both of a case ivhere the
compressor 10 is stopped during the operation of the vehicle
engine 12 and where neither the contin mode nor the hot
gas heating mode is sct, and a case whcrc thc compressor 10
is stopped in accorrlancc with thc stop of thc vchiclc cnginc
1Z, as shown by Ihe example (2). Therefore, the uncontrolled
mode m ihe present invention means the state where ihe
compressor 10 is in the stop state.

Here, the uncontrolled mode includes both of a case
where the air conditioning blower 23 is operated and a case
where thc air conrlitioning bloivcr 23 is stopped. When thc
vchiclc cn inc 12 is operated, the air conditioning blower 23

st) is gcncrally in thc state of operation. Thcrcforc, in thc
uncontrolled mode in FIG. 5A, when the air condiuonin ~

blower 23 ts stopped, the vehicle engine IZ is in the state of
stop.

In Ihe uncontrolled mode, because the comlensed water is
ss dischar ed from ihe discharge port ZZn ot: Ihe air condnion-

ing case 22, the quantity of retained water in the evaporator
18 is decreased by the quantity of water discharged from the
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discharge port 22R. FIG. SC shows the example (2). As
shown in 11(). 5(', when the air conditioning blower 23 is
stopped in the uncontrolled mnde, the quantity of retained
water in the evaporator 18 is decreased with a pass of time
in thc uncontrol[cd mode duc to the quantity of water
dischargcrl from tho discharge port 22m

According to Ihe inventor's experiment and study, in Ihe.

uncnntrnf led mode, when the air conditioning blower 23 is
stopped, a state rvhere the quantity of water discharged from
thc rlischargc port 22(r is large is Rcpt for a prcdctcrmincd
time (specificall, ono hour) after tho stop of thc compressor
10, anti therefore the quantity of retained water in Ihe
evaporator 18 rapidly rfecreahes for Ihe predetermined time.
Thereafter, Ihe quantity of rhachargerf water m decreased io
a minimum quantity so that the quantity of retained water is
decreased i)y a small quantity. Mnrenver, if the air blowing
mode for opcratin tho air conditioning blower 23 is sct in
thc uncontrol[cd mode, the condcnscd water is pushed out
from Ihe evaporator 18 by Ihe mr flowing pressure to
increase the quantity of rfischarged water again. Thus, ah can
be seen from the [suer half portion in the uncontrolled mode.
in I'IG SA, the quantity of retained water in the evaporator
18 decreases again by the operation of the blorver 23

Next, when thc hot gas heating mode is set as shown by
the example (3) in FIG. SA, Ihe condensed water ih evapo-
rated in the evaporator 18 by Ihe radiation of the evaporator,
so that the quantity of retained water in the evaporator 18 is
decreased i)y the quantity of evapnrated water. flere, even in
the hot gas heating mode, since the condensed water is
dischargcrl from thc discharge port 22a of the air condition-
ing case 22, thc quantity of cvaporatcd water shosvn in FIG.
SD (example (3)) includes the quantity of water dischargerf
from the discharge port 22R. As shown in FIG. SD, Ihe
quantity of water evapnrated in the hot gas heating mode
increases as the evaporator air temperature I'e becnmes
higher

From Ihe study using FIGS. SA—5D, Ihe quanuly of.

retained water in the evaporator can be fumlamenlally
expressed by the following mathematical equauon 1.

Quantrtc ot'rctarrrcd atm ur thc c atro ator [IlcjRIi=quantrtv ot'

nd na d I [W(C))i—
I 'nntv ot''I 4 ' [IVtt:Ii-

q nit) Id a )ma d "I m th m cairo)I d mod [IVU))l
fmathcmatical Equation IJ

That is, [W(R)]=[W(())] —[W(E)]—[W(f))] where the
quantity of water discharged in the uncontrolled mode
includes both of thc quantity of water discharged when tho
air conrhtioning blower 23 is operated and thc quantity of
water dischargmf when the air conditioning blower 23 is
stopperf, ah rfescnbed above.

Next, a methorf for specifically calcu[sung the quantity of.

retained water in the evaporator 18 will be described rvith
reference tn FIG 6 The control routine in Fl(r 6 starts rvith
thc start-up of the vchiclc cnginc 12 (turning on an ignition
switch). Thc control unit always calculates thc quantity of
retmned water in the evaporator rfumng the operation of. Ihe.

vehtcle engine 12 and for a predetermined time (for
example, one hour) after the slop of Ihe vehicle engine 12,
and updates the calculated value of the quantity of retained
water in the evaporator at predetermined time intervals (for
cxamphh cvcry onc minute).

In FIG. 6, first, the stored quantity of retained water is
rear[ at slap SIUU. This stored quantity of retained water is
the quantity of. retained water in the evaporator ihat is
calculated al a point where a predetermined time elapses
after the previous stnp of engine 12 and is stored by the
storage means of the ECU 26. This storage means can store

and hold the information of. Ihe quanuly of retainerl water
even after electnc power supply lo the ECU Z6 ih stopped.

At thc next step SZUU, it is rlctermincd whcthcr or not thc
cooling mode is sct. Specifically, whether or not thc cooling
mode is set can be determined from rvhether or not the air
conditioning switch 29u is turned on When the cooling
mode m set, the control rouune arlvances to step S3UU where
Ihe quantity of retained water in Ihe cooling mode is
calculated by thc following equation;

I I) I 1 '(R)= IV(sR)+ iV(E)

whcrcin W(R) is the quantity of rctaincd water, W(SR) is thc
stored quantity of rctaincrl water, and W(C) is thc quantity
of condensed rvater

Specifically, the quantity of condensed water in the cool-
mg mode is calculated based on the map in FIG. 7A. As the
a[)solute humidity of the evaporator suction air becomes
higher and the ON time of the compressor (electromagnetic
clutch) in the cooling mode becomes larger, the quantity of
condensed water becomes larger. Thus, thc quantity of

ao condensed svatcr is calculated by information relating to thc
absolute humidity of the evaporator suction air anti the ON
time of. the compressor. Examples (I)—(4) in FIG. 7A are
selected by the infomiation relating to the absolute humidity
of the evaporator suction air In I l(i. 7A, the example (I)

as indicates the air suction condition in the case where the
absolute humidity of the evaporator suction air is the
highest, that is, in the case where thc insirlc)outside air
suction mode of. the air conditioner is the outside air sucuon
mode aml where the outside air temperature ih 20'. or
more or in the case rvhere the inside)outside air suction mode
of the air conditioner is the inside air suction mode In
general, the inside air is abvays hi her in absolute humidity
than thc outside air. Therefore, in the inside air suction
mode, irrcspcctivc of the magniturlc of the tcmpcraturc of

Is Ihe insirle air temperature, assuming that the inside air
sucuon mode corresponds to the case where the absolute
humidity of. Ihe evaporator sucuon air is Ihe highest, the
characteristic of the example (I) is selected In the case of
the example ( I), the quantity of condensed rvater per minute

qo is 8.3 cc)min.
Next, thc example (2) in FIG. 7A indicates thc air suction

condiuon in the case where the absolute humidity of the
evaporator suction air is higher next to the example (I). That
is, in the example (2), Ihe inside/outside air sucuon mode of

as the air conditioner is the outside air suction mode anil where
the outside air temperature is lower than 2()'. and higher
than or equal to 10'. In thc case of thc cxamplc (Z) in FIG.
7A, the quantity of condcnserl avatar pcr minute is 4.2
cc/min.

so The example (3) of. FIG. 7A inriicales Ihe air sucuon
conrlition in the case where the absorlute humidity of the
evaporator suction air is hi her next to the example (2) 'I'hat

is, in the example (3) of I'l(L 7A, the inside/outside air
suction mode of the air conrlitioner is the outsirlc air suction
mode and where the outsirlc air tempcraturc is lower than
10'. and hi her than 5'. In the case of the example (3),
Ihe quantity ol. condensed water per minute is 2 8 cc)min
The example (4) of. FIG. 7A indicates the air sucuon
condition in the case where the absolute humidity of the
evaporator suction air is the lorvest. That ts, in the example
(4) of FIG. 7A, thc inside,'outside air suction mode of thc air
conditioner is the outside air suction motte and where thc
outside air temperature is lower Ihan s'. In the example (4)
of FIG. 7A, the quanuly of condenserl water per minute ih

dd Z.l ccrmin.
At step S300, the quantity of condensed water in the

cooling mode is calculated based on Ihe map m lr[G 7A and
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this quantity of condensecf water is tukfed to the stored
quantity ot'etamed water, so that the quantity of retained
water in the cooling mode is calculated

I fere, the quantity of cnndensed water in the cooling mode
is also rclatcd to thc quantity of evaporator suction air and
incrcascs as thc quantity of evaporator suction air increases.
Thus, lo increase the accuracy of Ihe calculation of Ihe
quanuly of condensed water, the quanuty of condensecf
water calculated based on the map in FIG 7A can be
corrected to be increased as the quantity nf evaporator
suction air increases

FIG. 7B shows a specific example for correcting the
quantity of condensed water l&y the quantity of evaporator
suction air As the quantity of evaporalor suchon air
increases and as the outside air temperature Tam increases,
the quantity of condensed water per unit time increases

That is, when the inside air,'outside air suctinn mode of the
air conditioner is the outside air suction mode, as shown in
FIG. 7B, thc quantity of condensed water pcr unit time is
calculated based on thc outside air temperature and thc
quantity of evaporator suction air, and is mulhplied by Ihe
ON lime of the compressor in the cooling mocfe, so that Ihe
quantity ot'ondensed avatar in the cooling mode can be
calculated

llere, when the inside air/nutside air suction mode of the
air conditioner is thc inside air suction mode, thc outside air
tcmpcrature on thc horizontal axis in FIG. 7B can be
replaced bv the insula air temperature to calculate Ihe.

quantity of con)lensed water per unit ume. Accordingly, u is
possible to calculate the quantity of condensed ivater with
high accuracy in correspondence with the inside air suction
mode nr the outside air suction mode

Morc over, in a manual air conditioner, an air mix door and
a hot water flow adjusting valve which function as a tem-
perature acljusting unit for adlusling the temperature of. air
blown into Ihe passenger compartment, sv:itching operation
the quantity of. air blown from the blower 23, switching
operation nf the mside air/outside air suction mode, and
switching operation of the blowing mode are manually
pcrformcd by thc occupant. Accordingly, in thc manual air
conditioner, a signal indicating the inside air/outside air
suction mode and the level of quantity of air can not be.

obtained. Therefore, in this case, a lixecf value can be used
as Ihe quantity of. condensed water per unit lime. As lo Ihe.

fixed value, a value close to the maximum value shnivn in
I I(f 7B, for example, 50 cc min can be used because it acts
on thc safety side from thc viewpoint of thc control of
prcvcnting thc fogging of thc windshield.

On the other hancf, iT the determination result at step S2UU
is NO, Ihe control routine advances lo slap S4UU where il is
determined whether or not Ihe hot gas healing mode is sel.
Specifically, it is possible tn determine ivhether or not the
hot gas heating mode is set by whether or the hot gas switch
29h is turned on. When thc hot gas heating mode is sct, the
control routine advances to step S500 where thc quantity of
retmned water in the hot gas heaung mode is calculated by
the equation

li (R)=IV(SR)-ll'(R)

I fere, W(R) is the quantity of retained ivater, W(SR) is the
store quantity of retained water, and W(E) is thc quantity of
water evaporation.

Here, the quantity of water evaporation W(E) in the hot
gas heating mode is specilically calculated based on the map
in FIG. 8. As Ihe evaporator air temperature Te becomes
higher, the relative humidity in the vicinity nf the evaporator
tends tn decrease and thus the quantity of evaporation of the

condensed water increases. For this reason, the quantity of
ivater evaporation per unit time (ccrmin) increases in

response to a)1 increase in the evaporator air temperature Te
As shoivn in l)IG. 8, the quantity of evaporation shows a
quadratic property that rapidly incrcascs in the range whcrc
thc evaporator air tcmperaturc Te is -5', or morc in thc hot
gas heanng mode.

However, the hol gas heaung mode is actually used, under
conditions of low outside air temperature where the evapo-

i o rator air temperature Te does not exceed 5''or preventing
the fogging of the ivindshield, the property is made to keep
the quantity of evaporation pcr unit time at thc maximum
value of 8 cciniin in the range where thc evaporator air
temperature Te is 5'. or more.

Here, as lhe quantity of. air blown by lhe air conditionin ~

bloiver 23 (quantity of air passin through the evaporator)
increases in the hot gas heating mode, the evaporator air
temperature 'Ib decreases in inverse proportion thereto
Thus, thc characteristic in FIG. 8 is httlc afibctcd by a

oo chan e in the quantity of air blown by thc air conditioning
blower 23. Moreover, in the low temperature region where
Ihe evaporator air temperature Te is O'. or less, lhe
phenomenon in which the condensed ivater in the frozen
state is melted is also caused, so the quantity of evaporation

zs in I'IG. 8 includes the quantity of condensed water melted in
this manner.

On the other hand, when thc determination result at step
S400 is NO, the mode is neither lhe cooling mode nor the hot
gas heaung mode, bul is the uncontrolled motte where the
compressor 10 is stopped. At this time, the control routme
advances to step 8600 ivhere the quantity of retainecl water
in the uncontrolled mode is calculated by the equation

IV(R)=IV(SR)-IV(D)

is wherein, W(R) is Ihe quannly of retained water in lhe
evaporator, W(SR) ts Ihe slorecl quantity of relainecl water in
Ihe evaporator, and W(D) is quantity of dischargecf water.

I fere, the quantity of discharged ivater in the uncontrolled
mode is the quantity of condensed ivater to be discharged to

so the outside of thc air conclitioning case 22 from the discharge
port 22a. Specifically, thc quantity of discharge water in thc
uncontrolled mode is calculated based on Ihe map in FIGS
9A and 9B.

FIG. 9A shows the quantity of. condensed water per unit
as time discharged from the discharge port 22a (ccimin) when

the air conditioning bloiver 23 is stopped in the uncontrolled
mode. This quantity of conclcnscd water discharged from thc
dischar c port 22a when the blower 23 is stoppccl is closely
related to Ihe quanuty of retained water currently in lhe

so evaporator in lhe uncontrolled mode If the quanuty of
retained water in the evaporator increases more than about
I SO cc, the quantity of discharged water per unit time rapidly
increases. On the contrary, if the quantity of retained water
in the evaporator decrcascs less than about 150 cc, thc
quantity of discharge cl vvater pcr unit time rapidly clccrc ascs
Further, il: lhe quanuty of retained water in the evaporator
decreases to a level ol: 50 cc, lhe quanuty of discharged
water per unit ume becomes nearly zero. As a resuk, even
ivhen the period of the uncontrolled mode becomes ion er,
a(tout 50 cc of condensed water remains on the surfaces of
thc fins and thc like of thc evaporator 18 to lie attachccl
tile:ceto.

Here, Ihe case where the air comhtioning blower 23 is
slopped in lhe uncontrollecl mode inclucfes both of the case

as where Ihe vehicle engine 12 is operated and Ihe case where
the vehicle engine 12 is stopped When the vehicle engme 12
is stopped, to prevent a decrease in the charged capacity of
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a veh&cle-mounted banery as much as pos&able, ihe opera&ion
of the L&('.U 26 after the stnp ot'he vehicle engine 12 should
be limited to as short as possible

According to the above-mentioned characteristics in l&IG

SA, thc quantity of discharged water decreases to a small
quantity in a prcdctcrmincd period of time (for cxan&pic, onc
hour) after the start of the uncontrolled mode (after the stop
of Ihe blower). Thus, &n the uncontrolled mode after &he stop
of the veh&cle engine 12, the I.'CU 26 calculates the quantity
of discharged water for the predetem&ined period of time (for
example, nne hour) after the stop of the engine, and the
storage unit of thc ECU 26 stores thc quantity of retained
water in thc evaporator after thc predctem&incd period of
time alter the stop of. Ihe engine. Count&ng ume for Ihe.

predetermined period after the slop of the engine 12 can be.

perfnrmed by the timer function of the L'CU 26.
I'IG. 90 shows the quantitv ot'ondensed &vater per unit

time (cc,'min) discharged from the discharge port 22» in the
case whcrc thc air conditioning blower 23 is operated in thc
uncontrollcrl mode, that is, in thc blowing mode. In this
blow&ng mode, the condensed water attached Io the surfaces
of Ihe fins aml the lile of the evaporator 10 is fore&bly
pushed nut by the pressure ot'he binwn air, so that the
quantity of condensed &vater to be discharged increases
extremely as compared with that when the bio&ver 23 is
stoppcrl as shown in FIG. 9A.

As thc quantity of blown air (pressure of thc blown air)
increases, as shown &n FIG. 9B, the quantity of. condensed
water Io be d&&charged in the blow&ng motte (during Ihe.

operation of the bio&ver) increases. Moreover, as the evapo-
rator air temperature Te increases, the quantity of condensed
water to be discharged in the blowing mode increases

Herc, thcrc is thc case where thc mode is switched among
thc cooling mode, the hot gas heating mode, and thc uncon-
trollerl mode during the operation of the veh&cle eng&ne IZ.
In this case, at steps S3UO, SSOU, S60U in FIG. 6, the quent&iy
of reta&ned water calculated last &n Ihe former mode can be
used as the stored quantity of retained water

By the way, the windshield temperature Tws used for the
dctcrmination at step S40 in FIG. 3 can be directly detected
by a dcdicatcd temperature sensor mounted on thc inside
surface of the winrishielri, but Ih&s method increases cos&

because of Ihe tuklit&onal temperature sensor. Thus, in Ihe.

iirst ambo&hment, Ihe w&mlshield temperature Tws &s calcu-
lated (estimated) by the use of the existing sensor signals of
the a&r cond&tioner.

That is, thc windshield temperature Tws is equal to thc
outside air tcmpcraturc Tam in the initial state bcforc thc
start-up of the air condit&oner. Therealler, when &he warm a&r

&s blown into Ihe passenger compartment by the operauon of.

the heating mode, Ihe windsh&eld tempera&ure Tws is
increased by the warm air blown to&vard the windshield As
a result, assuming that an increase in the windshield tem-
pcraturc by thc warm air is as ATws, thc windshield ten&-

pcraturc Tws can bc calculated by the equation:

Here, since the warm a&r blown into Ihe passenger com-
partment in the hot gas heating mode is heated by the hot
water type heating heat evchanger 24 after it passes through
thc evaporator 18, thc warm air tcn&pcraturc substantially
dcpcnrls on thc hot water temperature. For this reason, thc
increase ATws &n the windshield temperature by Ihe warm
a&r blow increases in proportion to an increase &n eng&ne
coohng water temperature (hot wa&er tempera&ure c&rculat-

&ng through the hot &vater type heating heat evchanger 24),
as sho&vn in I'IG. 10 As a result, the increase ATws in the

w&mlshield temperature by the warm a&r can be calculated
based on the en ine cooling &vater temperature T&v (hot
&vater temperature).

Since the increase 6'I'ws in the windshield temperature by
thc blown warm air is atfcctcd also by the quantity of warm
air blovvn to thc inner surface of thc windshiclrl in addition
&o the warm air temperature, &n order to increase the accu-
racy of calculanng Ihe increase ATws in the w&ndshield
temperature, the effect of flow amount of the warm air is also
considered I'IGS. IIA—IID are maps for calculating the
increase AT&vs in the windshield temperature Tws in con-
sideration of both thc warm air tcmperaturc and thc cflhct of
the flow amount of warm air. Thc dcgrcc of cifcct of thc
quann&y (flow amoun&) of warm air &s determ&ned by the air
blow&n ~ level aml the blow&ng mode of Ihe a&r condinoner

Here, in l&IGS. IIA—IH), the air blowing level (blower
level) means a level of volt&i e applied to the driving motor
23» of the air conditioning blower 23 and the number of
revolution of the driving motor 23n. That is, thc quantity of

oo air blown by the air conditioning blower 23 can bc adjusted
by switch&ng the blower level. In the lira& embodiment, when
&he quanti&y of a&r of. Ihe blower Z3 is automancally
controlled, the blower level (air bio&v&ng level) can be
controlled in 32 steps by the control output of the L('U 26

as The blower level of 6 corresponds to a small quantity of air
(Lo) and is an air quantity lcvcl of about 160 m-",h.

FIGS. 11A, 11B shovv thc case whcrc the blowing mode
&s the foot mode and Ihe case where Ihe blowing mode &s the
foot defroster mode. FIG. 11A shows the case where the

.io forging blower level &(i (the case of the state of the small
quantity of air (I.o)), and I'l(l I( 0 sho&vs the case where the
forging bio&ver level &(i I lere, the foot defroster mode is the
blowing mode in which, as compared with thc foot mode,
thc quantity of air blown toward thc foot area is decrcascd

&s and the quannty of a&r blown toward the wimlsh&ekl &s

increased. Therefore, in the foot defroster mode, the quannty
of a&r blown toward &he foo& area is nearly equal to &he

quantity of air blown to&vard the windshield
In contrast, I'I(IS. 11(', IH) show the case where the

&o blowin mode is thc defroster morlc. FIG. 11C sho&vs thc
case where thc forging blower lcvcl s6 (thc case of thc
small quantity of. air (Lo)) and FIG. 11D shows the case
where the forg&ng blower level &6.

In addi&ion, Ihe ho& gas heanng mode includes no& only a

Js case where the hot as heating mode &s started lust after the
start-up of the vehicle engine 112 but also a case &vhere the
hot gas heating motte is started after thc cn inc water
tcmpcraturc Tw increases to a certain tempcraturc after a
predeterm&ned nme elapses after the vehicle eng&ne 112 &s

so star&ed. In Ihe latter case, even if. the engine water tempera-
ture Tw Increases, Ihe wmdsh&eld temperature does no&

increase Therefore, to improve accuracy, it is des&rable that
the increase ATws in the windshield temperature is calcu-
lated also in consideration of this conrlition. For this reason,
in FIGS. 11A— 11D, the increase ATws in the windshield
temperature &s calculated &n three cases of (I) a case where
Ihe hot gas heatmg mode is started un&ter condinon ol'he
engme water temperature Tw&20'., (2) a case where the
hot gas heating mode is started under cond&tion of 20 ''
the engine water temperature Tw&40'o and (3) a case
vvhcrc thc hot as heating motte is started undn condition of
40'.& thc cn inc water tcmpcrature Tw&60'.

W&th each map &n FIGS. 11A—11D, it is poss&ble to
calculate &he increase ATws in Ihe w&ndshield tempera&ure

es w&th h&gh accuracy in consideranon ofboth of the tempera-
ture of warn& air bio&vn to the windshield and the effect of
quantity of &vam& air blown to&vard the &v&ndshield As a
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result, il is possible lo calculate the wincfshield temperature.
I'ws by the use of the existing sensnrs without requiring a
temperature sensor only for detecting the windshield tem-
perature.

Second Emf&odimcnt

In Ihe lirsl embodiment, Ihe quanhly of retained water in
the evaporator is calculated based on the quantity nf con-
densed water in the cooling mnde, the quantity of rvater
evaporation in the hot gas heating mode, and the quantity of
dischargccl water in thc uncontrolled mode. However, thc
uncontrollccl mode whcrc the compressor 10 is stopped, as
described above, includes a case of aching the air blowing
mode where only the air concfitioning blower 23 is operated.
If the outside air mode is selected in this air blowing mode,
when the outside air passes through the outside air passage
on the vehicle body side (the upstream side passage of the
outside air introduction port 70 in FIG. 1), thc outside air
rcccivcs thc heat from thc vehicle engine 12 to incrcasc its
temperature. The increase in the outside air temperature.
causmf by Ihe reception of heal produces a phenomenon in
which the water retained in the evaporator lg evaporates.

Hcncc, in thc second cmbodimcnt, thc quantity of retained
water in thc evaporator is calculated by the following
mathematical equation 2 in consicferauon of also Ihe quan-
tity of water evaporation in the air blowing mocfe descmbed
above.

Quantrtr of rctarncd ate& n c ago ator=quaatrtr nf cur&der&and

ster m thc cnoluig mode-quantrtr nf uter c ago at on in thc

hotg. h,tngmod-q nttv I'dta h rg d rl mih
».ontmu d mod — qm utv ol'tm o r tron m Ih

Herc, in thc mathematical equation 2, the quantity of
discharged water in Ihe uncontrollecf mode is the quantity of.

discharged water in Ihe uncontrolled mode where ihe air
condittomng blower 23 is also slopped, ancf Ihe quanuly of.

water evaporation in the air l&lowing mode is a value
including the quantity of discharged water from the dis-
charged port 22a.

A tcmpcraturc increase caused by thc reception of heat
from Ihe vehicle engine 12 can be calculated by the ddTer-
ence (Te—Tam) between the evaporator air temperature Te.

anrf the outside air temperature Tam. As the temperature.
diiference ( I'e —Tam) increases, "the quantity of water evapo-
ration in the air blowing mode" increases Mnrenver, as the
outside air tcmperaturc Tam l&ccomcs higher, the relative
humichty of thc outside air decreases and cthe quantity of
evaporation in Ihe air blowing mode" increases. As a result,
the quantity of evaporation in Ihe air blowing mode can be
calculated specifically based on the foregoing temperature
difference ('I'e — I'am) and the nutside air temperature I'am.

I'l(r 12A sho&vs examples of calculating the quantity of
evaporation W(E) pcr unit time in the air blowing niode
accordin to thc concept dcscribcd above. Thc quantity of
water evaporation in Ihe air blov:ing mode in ihe mathemati-
cal equation 2 includes Ihe quannty of. discharged water
from Ihe rhscharge port 22a. However, the quanuly of water
evaporation W(ii) in 11GS 12A and 12fi is a value that does
not include the quantity of water discharged from the
discharge port 22a but includes only thc pure quantity of
cvaporatcd water that is cvaporatcd in the evaporator by thc
reception of. heal from Ihe outside air.

The example (1) in FIG. 12A shows a case where Ihe
above-mentioned temperature dilTerence (Te—Tam) is large
and also the outside air temperature I'am is high and where
the quantity of water evaporation W(E)=5 00 cc/min

Moreover, the example (6) in FIG. 12A shows a case where
the above-mentioned temperature difference ('lb— I'am) is
small and the outside air temperature Tam is the lowest and
rvhere the quantity of rvater evaporation W(l')=(I/03 cc/min
Thc quantity of water evaporation W(E) decreases from thc
example (I) to thc example (3) gradually, ancl clccrcascs
from the example (4) lo the example (6) gradually.

Here, the quantity of. water evaporauon W(E) in FIG. 12A
is calculated in the case rvhere only the blower 23 is operated

io (ON) when the inside air outside air suction mnde of the air
conditioner is the outside air suction mode. On the other
hand, under conditions other than thc example (I) to the
cxaniplc (6), that is, ivhcn thc insiclc airroutsiclc air suction
mode is Ihe inside mr suchon mocle, when the temperature
diflerence (Te—Tam)&3'u anil when the outside air tem-
perature 'I'am&0', in any case, the quantity of evaporation
W(L)=0.

11G. 120 shorvs the total quantity of water evaporation
(cc) in thc respective blower operation periods in thc case

ao &vhcrc thc quantity of ivater evaporation W(E) pcr unit time
ts in the examples (I) to (6) described above in FIG. 12A.

In Ihe secoml embodiment, the other parts are similar to
those of the above-described first embodiment, and detail
description thereof is omitted.

zs
'Iliird L'mbodiment

In the lirsl emborhmenl, Ihe quanuly of. dischar erl water
tn the uncontrolled mode after the stop of Ihe vehicle engine
12 (in the time period in which the blower is stopped) is
calculated based on the map in I'l(i 9A for a predetermined
period of time after the stop of the en ine, for example, for
onc hour by thc timer unit of thc ECLI 26. Howcvcr, in the
third embodiment, counting time for thc predetermined
pemod ol: time after the stop of the engine can be performed
bv the use of exisun ~ sensor signals without using the Orner
unit

That is, HG. 13 shows a change in thc cn inc v ster
tempcraturc T&v after thc stop of the engine, ancl shows a
change in thc engine water teniperaturc Tw in thc case whcrc
Ihe outside air temperature Tarn=0'. which is the mini-
mum temperature in the slate where Ihe condensed water on
the evaporator is discharged from the discharge port 22a of
the case 22. Iiere, when the outside atr temperature Tam

as becomes lo&vcr than O'., thc condensed water in thc
evaporator is frozen, so that thc water is not discharged from
thc dischar c port 22a.

FIG. 13 shows the cave where Tarn=0' Therefore, the
en one water temperature Tw is lowererl toward O'. with
a passed nme after Ihe stop of the engine. Thus, it is possible
to calculate (estimate) the lapse of time h after the stop of the
engine by the use of the decreasing characteristic of the
water tempcraturc Tw after thc stop of cnginc

FIG. 14 shows its specific cxamplc. In FIG 14, rvhcn thc
engine ivater tcmpcrature Tw is 80'. or morc bcforc thc
stop of the engine and is lowered to 40' or less after the
stop of the engine, it is estimated thai thirty minutes elapse
after the stop of the en ine Moreover, when the engme
rvater temperature Trv is SO''r more before the stop of

„,.I thc engine encl is lowcrcd to 30'. or less after thc stop of
thc cn inc, it is cstimatcd that one hour elapses after the stop
of the cn inc.

Further, when the temperature difi'erence (Tw —Tam)
between the water temperature Tw and the outside air

ns temperature Tam becomes 5'. or less, it is estimated that
one hour and half elapse after the stop of the engine, as
shown in I'IG. 14
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In Ibis manner, Ihe passed ume (h) after Ihe stop of Ihe.

engine can be calculated (estimated) by determining the
degree nf decrease in the water temperature Ixv after the stop
of the engine and the teinperature difference (Tw—Tam)
bctwccn thc water temperature Tw and the outside air
tcmpcraturc Tam. Thus, by using thc passed time (h) after
the slop of the engine, il is possible to calculate the quantiiy
of dtschargul water for a predetermined penod aller the stop
of the engine and to update the calculated value of the
quantity ot'etained xvater in the evaporator In this manner,
it is pnssible to update the quantity of retained xvater in the
evaporator for a predctcrmined time period after the stop of
thc cnginc by thc usc of simple means utilizing thc existing
sensor signals without using Ihe orner unit.

Further, by updating the quantity of. retained water in Ihe.

evaporator alter the stop of the engine anil improving Ihe.

accuracy of calculation ot'he quantity of retained water in
the evaporator, it is possilile to reduce the frequency of
limiting thc uppermost value of the evaporator air tempera-
ture Tc (limiting thc hot gas heating capacity) in thc next hot
gas hcatin mode and thus to eficctively niakc usc of the hot
gas heating capacity to improve the heating performance in
the passenger compartment.

Here, it is possible lo calculate (estimate) lhe lapse ol. lime
h after the stnp ot'he engine by the use of the inside air
temperature Tr in place of the engine xvater temperature Tw
FIG. 15 is a specific cxamplc in which thc elapsed time (h)
after thc stop of thc engine is calculated by thc de rcc of
decrease in the inside air temperature Tr after ihe slop of Ihe.

engine in Ihe case where Tarn=0'. For example, Ihe.

elapsetl time (h) after the slop of the engine is calculated as
follows When the inside air temperature I'r after the stop of
the engine is IO''., the elapsed time h=O.S hour lrurther,
when thc inside air tcmpcrature Tr after thc stop of thc
cnginc is O'. the elapsed time (h)=1 hour.

Further, thc temperature diffcrence (Tanil-Tam2)
between the outside air temperature Taml when the vehicle
engine 12 is stoppul aml Ihe outsule mr temperature Tam2
when the vehicle engine 12 is started can be calculated in
place of the engine xvater temperature Ikv to calculate
(estimate) the passed time h after the stop ot'he engine FIG
16 shows a specifi example in which the eiapscd time h
after thc stop of thc engine is calcuiatcd by thc temperature
dilference between Ihe outsirle air temperature Tam when Ihe.

vehicle engine 12 is stopped and the outside mr temperature.
I'am when the vehicle engine 12 is started

In the third embodiment, the other parts are similar to
those of the above-described first embodiment, and detail
description thereof is omitted.

Fourth Embodiment

In the lirst emboihment, the v:imlshield temperature Tws
is calculated by Ihe equation Tws=Tam+ATws based on Ihe
outside air temperature Tam and the increase LIWS in the
windshield temperature caused by the blown warm air In the
fourth embndiment, the calculation accuracy nf the wind-
shield tcmpcrature Tws is further improved.

FIG. 17 shows thc concept of calculating (estimating) the
wintlshicltl tcmperaturc Tws in accordance with thc fourth
emboihment Since the vehicle wimlshield 40 is coolerl by
vehicle speed winil caused by vehicle running (wiml caused
liy running rlynamic pressure), in the fourth embodiment, the
wmdshield temperature Tws is calculated in consideratinn of
thc cooling effcct of the vehicle speed wind.

Specitically, the windshield temperature Tws is calculated
by the following mathematical equation 3

T i=(ai i'h Toeai,aoxTo+Toia-ai iia Tone)'Oeae'ao)
[Maihe mat eal Tonal oa 3]

wherein,
ui=heat transfer coefiicienl on the inside surface of the

vehicle xvindshield 40
t=thickncss of the vchiclc windshield 40
).=thermal conductivity of the vehicle wimlxhield 40
Ta=warm air temperature at a windshield temperature

estimation position 400 on the vehicle windshield 40
(sce FIG. 17)

uO=heat transfer coeificicnt on the outsitlc surface of thc
vehicle windshield 40

Tarn=outside air temperature
(I) Heal Transfer Coefficient ui on the Inside Surl ace ol'he
Vehicle Windshield

The heat transfer coefficient ui on the mside surface of the
vehicle windshield is expressed by a function of (blowing
mode, quantity of air of thc liloxvcr). As thc lilowin motte

zo chan es in thc manner of foot mode foot dcfrostcr
mode defroster mode, anil as Ihe quantity of air of the
blower increasex, txi increases.

In other xvords, as the quantity of air from the lilower
increases, the quantity of air blown into the passenger

zs compartment increases. I'urther, as the blowing mode
chan cs in thc manner of foot morlc foot dcfrostcr
mode dcfrostcr niode, thc ratio of thc quantity of defroster
air blown to the inside surface of the vehicle wintlshield 40
lo Ihe quanuty of. mr blown mto lhe passenger compartment

.xo increases, so that ui increases
(2) lleat Transfer ('oefficient ufi on the Outside Surface of
the Vehicle Windshield

The heat transfer cocflicicnt uO on the outside surface of
thc vehicle wintlshield is cxprcsscd by a function of (vchiclc

xs speed SPD). As lhe vehicle speed SPD increases, uO
increasex. In other words, ax the vehicle speed SPD increase,
cooling effecl caused by Ihe vehicle wind increases anil the
heat transfer coefficient ufi on the outside surface of the
vehicle windshield increases.

30 (3) Wami Air Tcmpcrature Ta at the Winrlshiclrl Tcmpcraturc
Estiniation Position 400

This warm air temperature Ta can be calculated by the
equauon Ta=E (Tam —Taout)+Taout. In this equation, Taout
desi mates the defroster blow air temperature from a

as defroster blowing port (not shown) connected to the
defroster opening shown in I I(l I and can be calculated by
thc equation of Taout=Tani+K (Tw—Ti;). Herc, Tw rlcsig-
n ates thc engine water tcmpcrature, Ti: dcsignatcs thc evapo-
rator air temperature, aml K designates a correcuon factor.

so Moreover, in Ihe calculauon equation of Ta, E ix a correcuon
factor determined based on the blowing mode into the
passenger compartment and the quantity of air of the blower

Each I'I(IS. 18A, 1813, 18C shoxvs the calculated
(cstiniatcd) value of the wintlshieltl tcmpcrature Tws and thc
measured value of the wintlshieltl temperature Tws in thc
fourth embodiment. The axis of abscissa designates a passed
lime after the start-up of Ihe hot gax heaung mode. FIG. 18A
shows lhe measured value aml the calculated value of the
xvindshield temperature Tws xvhen the vehicle runs at 40
km,'h, I'l(i lgli shoxvs the measured value and the calcu-
lated value of the windshield tcmpcraturc Tws when thc
vehicle is in thc itllin, FIG. 18C shows the mcasurcd value
and the calculated value of. Ihe wintlxhielil temperature Tws
when the vehicle runs at 40 km/h and is in idlin repeatedly

ns in a predetermined pattern. Further, the outside air tempera-
ture Tam, the blowing mode, and the blower level are
indicated above the respective graphs
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In any condition of FIGS. 18A to 18C, the calculated
values of Ihe windshielri temperature Tws in Ihe fourih
cmbodimcnt arc slightly smaller than the measured values
by an cxtrcmcly small value of about 2'. or less. In this
manner, it is found that thc calculated values of the wind-
shield temperature Tws are slightly smaller than the mea-
sureil values by an extremely small value of. about 2'. or
less and that the accuracy of the calculated vahies of. Ihe
windshield temperature I'&vs can be improved Mnrenver, the
calculated values ot'he windshield temperature Tws are
slightly smaller than thc measured vaiucs. Accordingly, the
driving safety can be improved l&y cficctiveiy prcventin the
fogging of the winilshield.

In Ihe fourth embothment, the other parts are similar to
those of the above-described lira( embothment, anil detail
description thereof is omitted

Fifth L'mbodiment

In the lirsl embothment, as shown in FIG. 4, the evapo-
rator air temperature I'e is calculated based on nnly the
wmdshield temperature 'I'ws I'urther, at step S20 in FIG 3,
it is dctcrmincd whcthcr or not thc evaporator 18 has thc
quantity of rctaincd water. In addition, ivhcn the control for
preventing the fogging of. the windshield is performed at
steps S40, S30, SSO, the compressor 10 is turned on aml og
so that Ihe evaporator air temperature Te is lower than Ihe
windshield temperature Tws.

Here, in Ihe case of the worst comhuons where Ihe.

condensed water in the evaporator 18 evaporates to make a
relative humidity of IOO'yn, it is necessary to control the
operation of the cnmpressor sn that the evaporator air
tcmpcraturc Tc is lower than thc windshieid temperature
Tws. Howcvcr, in reality, the air blown by thc blower 23 is
forcibly supplied to Ihe evaporator 18, so that the reh&tive
humidity of the air passing through Ihe evaporator does not
increase tn 100'ta. I'urther, as the quantity of air blnivn by the
blower increases, the relative humidity of the air passing
through the evaporator decreases

I'urther, ivhen the blowing mode is the font mode, the
quantity nf air blown to the inside surface of the vehicle
windshield is smaller than that in thc defroster niode.
Thcrcforc, in thc foot mode, the ratio of moisture blown to
thc inside surface of thc vchiclc windshicid to moisture
evaporateil in the evaporator 18 is lower than that in Ihe
defroster motte. In this manner, in the fool mode, even iT Ihe
condensed ivater evaporates, the absolute humidity near the
inside surface of the vehicle windshield is lower than that in
the defroster mode.

Thus, in the fifth embodiment, in consideratinn nf the
above point, as shown in I'IG 19, the evaporatnr air tem-
pcraturc Tc is corrected to a higher tcmpcrature ivith respect
to thc windshield tcmpcraturc Tws in rcsponsc to an increase
in thc quantity of air of the l&lower, Morcovcr, in thc case
where blov:ing mode is the foot mode, the evaporator air
temperature Te is corrected lo a higher temperature stile than
in the defrnster mnde. 'I'hat is, as the quantity of air blown
by the blnwer increases and as the quantity of air bloivn to
thc inside surface of the vehicle windshield dccrcascs, a
target evaporator air tcmpcraturc to thc windshield tcmpera-
turc Tws is corrcctcd to a higher tenipcraturc.

In this manner, thc evaporator air temperature Tc is
corrcctcd to a higher temperature in accordance with thc
quanhly of air from the blower anti the blowing mode, so
that the limitation of Ihe hol gas heating capacity can be
loosened when the quantity of retmneri water is in Ihe
evaporatnr 18, and heating capacity can be effectively
improved.

Here, in the above descwpuon, the blowing mode is
switched between the foot mode and the defroster mode in
the hot gas heating mode. I lowever, in the case where the
bloiving mode is sivitched among the foot mode, the foot
defroster mode and thc dcfrostcr mode, the quanhty of air
blown to thc inside surface of thc vchiclc windshiclrl
decreases in the order of. the defroster mode the foot
defroster mode Ihe foot motle. Accordingly, in this case,
the target evaporator air temperature can be cnrrected to a

io higher temperature in this order of sivitching the blowing
mode (the defroster mode the foot defroster mode the
foot mode).

In the lilth embodiment, the other parts are similar to
Ihose of the above-described lirst emboihment, anil detail
description thereof is omitted.

Sixth Embodiment

If thc group of sensors used for thc control of preventing
Ihe fogging of the vehicle windshield causes a failure in the
hot gas heating mode, Ihe control for preventing the logging
of the vehicle ivindshield can not be apprnpriately per-
fomied As a result, the fogging of the vehicle windshield
may be caused

Therefore, in Ihe sixth embodiment, if the group of
sensors used for the control of. preventing the logging of the
vehicle winilshield causes a failure, the ECU Z6 determines
the failure of the group of sensors and forcibly stops the
operation of the hot gas heating mode. This can prevent the

io fog in of the vchiclc winrlshielrl caused by thc failure of
the roup of sensors.

The group of sensors used for Ihe control of prevenung
the fogcing of the vehicle ivindshield are, to be more
specific, the evaporator air temperature sensor 27c for

&s detecting the evaporator air temperature Te and sensors used
for calculatin the winrlshiclrl tcmpnaturc Tws. Further,
specificall, the latter sensors arc thc outside air tcmpcraturc
sensor Z7d, the engine water temperature sensor Z7a, anil the
vehicle speed senvoir (not shown). Here, as to a blowin ~

ao mode signal, a signal of the quantity of air of the blower and
the like, the control signals correspondin to them of the
LCU 26 itself can be used just as they are, so sensor signals
from thc outside arc not rcquircd.

In Ihe sixth embodiment, the other parts are similar to
those of. the above-described Iirst embodiment, and detail
description thereof is omitted.

Other Embodiments

Herc, in the above cmbodimcnts, the air conditioning
operauon panel 28 is provided with the derlicateil hot gas
switch Z9b manually opera(eel by the occupant and the hot
gas heating mode is set by turning on the hot gas switch 296
lioivever, when the L'CU 26 determines the maximum
heating state and the like, the hot gas heating mode can be
automatically startcrl ivithout providing the rlcdicatcd manu-
ally opcratcrl sivitch.

Moreover, in the manually operateri air conditioner, the
air conditioning operation panel 28 is provided with a

so dial-shaped or lever-shaped temperature adjusting operation
mcmbcr for nianually operating tempcraturc adjustin units
such as an air mix rloor for adjusting thc ratio of thc quantity
of warm air to the quantity of cool air anil a hot water valve
for adlusting a hol water fiow rate in the heater core.

ss Therefore, when this temperature adlusling operanon mem-
ber is operated to the maximum heating position, the hot gas
sivitch 29/& can be turned on in operative cooperation with
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Ihe operation of Lhe temperature acffusling operahon mem-
ber This can eliminate the operation member cfedicated for
thc hot gas switch 29b.

Such changes and modifications are tn be understood as
being within Ihe scope of. the present invention as delined by
the appencfed claims

What is claimed is:
1. An air conditioner for a vchicic, comprising:
an air comhhoning case defining an air passage ihrough

which air tlows into a passenger compartment of Ihe.

vehicle;
a refrigerant cycle system inchiding a compressor for

compressing refrigerant, an exlenor heat exchanger
disposed nutside the air conditioning case, a pressure
reducing device for decompressing refrigerant, an inte-
nor heat exchanger disposed inside the air conditioning
case and a hot gas bypass passage through which
refhgerant thscharged from the compressor is directly
introduced into Ihe inlehor heal exchanger while
bypassing the exlenor heal exchanger, the refrigerant
cycle system heing constructed to stvitch a cooling
refhgerant cycle where refrigerant discharged from the
compressor xs rcturncd to thc compressor through thc
cxtchor heat cxchangcr, thc prcssure rcducin device
anti the interior heat exchanger, ancf a hol gas heater
cycle where the refrigerant cfischarged from Ihe com-
pressor is directly inlrocfucecf to Ihe interior heat
exchanger through the hnt gas bypass passage; and

a control unit for controlling operalion of lhe refrigerant
cycle system to set a cnnfing mnde for cooling air in the
interior heat exchanger by using the encl ing refrigerant
cycle, and a heating mode fnr heating air in the interior
heat cxchan cr by using thc hot gas heater cycle,
whcrcin:
the control unit includes
determining means for determining whether a quantiiy

of relainetl water is in the intenor heal exchan er,
it tlcf

control means fnr controlling temperature of air blown
out of thc interior heat exchanger to a range lower
than a dcw point even when air l&lown out of thc air
conditioning case is cooled by a vehicle windshield
when the determining means determines that Ihe.

quanhty of relainetl water is in the intehor heal.
exchanger in the heating mode

2. The air cnnditioner accnrding to claim I, wherein the
control means controls thc temperature of air blown out of
thc intchor heat cxchangcr to be lower than tcnipcraturc of
the vehicle wintlshield when Ihe determining means deter-
mines that the quantity of. retained water is in the interior
heal exchanger.

3 The air conditioner according to claim 1, tvherein the
control unit corrects a target temperature of air blown out of
thc interior heat exchanger with respect to temperature of the
vchiclc winclshiclcl, based on a blowing mode of air blovvn
out of the air conthlioning case and a quantity of air blov:n
into the air concfitioning case.

4. The air conditioner accorcfing to clmm 1, wherein Ihe.

control means controls the temperature of air blotvn out of
the intehor heat exchanger by cnntrof ling a discharge capac-
ity of thc compressor.

5. Thc air conditioner according to claini 1, wherein thc
control unit has calculahon means for calculating Ihe quan-
tity of relainetl water based on at least a quanhly of. con-
densed water in the interior heat exchanger in the cooling
mode, a quantity of evaporation of condensed tvater in the
interior heat exchanger in the heating mode, and a quantity

of. condensed water dmchargetl from a discharge port of the
air comhhoning case in an unuinlrolled mode where Lhe

compressor is in a stop state.
6. Thc air conditioner according to claim 5, wherein thc

quantity of condensed tvater is calculated based on infor-
mation relating to an absolute humidity of suction air of the
intehor heat exchan er anil an operauon ume of Lhe com-
pt'essor.

7. Thc air conditioner according to claim 5, wherein thc
quanhly of condensed water is calculated based on Lhe

temperature of suction air of the interior heat exchanger, a

quanhly of air passin ~ Ihrough the intehor heat exchanger,
and an operation time of the compressor

g. 'I'he air conditioner according to claim 5, wherein the

is quantity of evaporation is calculatccl basccl on tcmpcraturc
of air bloivn out of the interior heat cxchan cr.

9. The air conditioner accortling to claim 5, further
comphsing

a blower for bloivin air in thc air conditioning case,
wherein.
m the uncontrolled motle, Lhe uinlrol unit sets a blow-

ing mode where the blower blows air mto the air
conditioning case; and

the quantity of dischar ed water in the uncontrolled
niode is calculated based on a quantity of discharged
water svhcn the blower is stoppccl encl a quantity of
dmcharged water in Lhe air blowing mode.

1U. The air comhhoner acmirding to claim 9, wherein the
quantity of discharged water per unit time when the blower
is stopped is calculated based on the quantity of retained
tvater in the interior heat exchanger

ll. The air conditioner accorclin to claim 9, whcrcin thc
quantity of discharged water pcr unit time in thc air blowing
mode is calculated based on informahon including at least
ihe quantiiy ol: air passing through the inienor heat
exchanger.

12 The air conditioner acoording to claim 9, wherein
lhe control uniL calculates the quanhly of evaporation of

condensed tvater in the interior heat exchanger in the
air blowing mode, and

the quantity of evaporation of. contlensed water in the air
blotving mode is used as information for calculating the
quantity of retained water.

13. Thc air conclitioner accorcling to claim 1, whermn thc
65 tempcraturc of the vchiclc windshield is calculated based on

an outside air tcmperaturc and a tcmpcrature increase of thc
vehicle wmdshield due to air blown out of Lhe air comli-
lioning case.

14 'I'he air conditioner according to claim 13, wherein the
temperature increase is calculated based on information
relating to thc teniperaturc of air blown out of thc air
conditioning case, and information relating to thc quantity of
air blown out toward the vehicle ivindshield among air
blown out of Ihe air comhhomng case

15. The air comhlioner according lo claim 14, further
comprising

a hot-water type heat exchanger for heahng air by usin ~

hot water Irom a vehicle engine as a heat source, the
hot-tvater type heat exchan er bein disposed at a

ao dotvnstream air side of the interior heat exchanger in
the air conclitioning case, wherein:
the compressor is driven by the vehicle engine; and
Ihe informahon relatmg to the temperature of air blown

out of. the air conditioning case is temperature of Lhe

65 httL waLer.
16 'I'he air conditioner according to claim 15, wherein the

information relating to the quantity of air blown out toward
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the vehicle windshield is a blov:ing mode of. air blown into
the passenger compartment from the air cnnditioning case
and the quantity of air blown into the air conditioning case

17. The air conditioner according to claim 1, wherein the

temper aturc of thc vchiclc windshield is calculated based on
an outside air tcmpcrature, information rrlatin to a tem-
perature of air blown out toward the vehicle windshield from
the atr conditioning case, and information relaung to a
vehicle speed

18 The air conditioner accnrding to claim 17, further io
composing

a hot water type heat exchanger, for heating air by using
hot water from a vehicle engine as a heat source,
dtsposed at a downstream air sirie of. the intenor heat
exchanger in the air conditioning case, wherein: is
the compressor is driven by the vehicle engine; and
thc information relating to the teniperaturc of air blown

out tovvard thc vehicle windshield includes tcmpera-

ture of the hot water, a temperature of air blown out
of the interior heat exchanger, a blowing mode of air
blown into thc passcngcr compartment from thc air
conditioning case, and a quantity of air blown into
the air conilitioning case.

19. The air comhuoner accorihng to claim 1, wherein the
control unit stops the heating morlc when it is dctermincd in
thc hcatin mode that a group of sensors relating to a

fogging prevention control of the vehicle ivindshielrl fails

20 The air conditioner according to claim 1, wherein

when an cntirc aniount of ivater on the evaporator is large
than a predetermined amount, the determining means
determines that the quantity of. retains&i water is in the
interior heat exchanger in thc heating mode.


