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(57) ABSTRACT

9 Claims, 10 Drawing Sheets

An air-conditioner is opcratcd under ouc mode sclccted I'rom

among three inodes, i.e. a cooling niode. a heating mode
aiid aii air-mixing mode ()onditioiied air temperature is
controlled by clianging a cooling ability in the coolmg mode,
a heatuig ability in the heating mode. and a position of an
air-mixing door in the air-mixing mode. When the operatin
mode is switched to Ihc cooluig mode or io the hcatuig mode
froiii aiiotlici iiiodc. Ilic positioii iif tlic air-iiiixiiig dooi is
gradually changed to prevent an abmpt temperature dnip or
rise until a difference bet(veen a target tenipemture and an
actual temperature becomes smaller than a predetermined
value.
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FIG. 7
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FIG. 8
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SWITCHING TO COOLING MODE
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AUTOMOTIVE AIR-CONDITIONER
OPERABLE UNDER ('OOI.IN(;, I IEATEN('R

AIR-VIIXLN('IODF.

CROSS-REFERENCE TO RELATED
APPLICATION

to a higher tcmperaturc upon sw&tch&ng thc mode lo thc
heat&n mode. because the cooled a&r flowing tllrough the
evaporator abmptly d&sappcars. Th&s &s deuuncnlal to com-
fort of the passengers

SUMMARY OF THE INVENTION

llus appl&cauou is based upon aud clmms benclit of
priority of Japanese Patent Application No. 2002-3002gf
filed on Oct. 15, 2002. the cimtent of which is incorpnrated &n

herein by reference.

BACKGROUND OF THE INVENTION

I l&ield of the 1m ent&on I

The present invention relates to an air-conditioner for use
in an automotive vehicle. the air-conditioner having a heater
for hcaung a&r to be supplmd lo a passcngcr compartment,
the healer beulg powcrcd by heal sources, such as clue&i&c&ty,

other than waste lmdt of m& u&lcmal combuslion cngmc Thc
air-conditioner is suitably used in an electric vehicle pov-
ered by a fuel cell or in a so-called hybrid vehicle powered
by a combination of an internal combustion engine and an
electric battery.

2. Descript&on ol'elet(xi Art
A couicutioual Bu'-cond&bouc& ulouulcd ou B vchlclc

power(xf by an &nlcmal combust&on cnginc mcludes a hcatcr
utilizing &vaste heat of the engine and a refrigeration c&rcuit
driven by the engine. Air introduced into the air-conditioner
is first cooled by an evaporator of the refrigeration circuit. &o

Part of the cooled air is led to the heater to reheat the cooled
du; dud lhc other pdrt ol lhc cooled Bu is dlrccfly si&pphcd
lo a passcngcr compartment, bypassulg lhe healer An
amount of the cooled a&r bypass&ng thc healer &s controlled
by an air-mixing door to thereby control temperature of the ls
air supplied tn the passenger compartment

In the air-conditioner for the electric vehicle or the hybrid
vehicle, it is imposs&ble or difficult to utilize the waste heat
from the engine fi&r thc hcalcr Thcrcli&re, ml elimlric hcatcr
or a combustion heater &s used in such an mr-co&xhl&oner. If do
thc lculpcldlUrc ol lhc dlr BUpphcd lo lhc pi&sscugix coul-
partment is controlled in the san&e manner as in the co&lve&1-

tional air-conditioner. i e.. by mixing the cnnled air and the
heated air. a large amount of electric power is required for
heating and for operatin the refbigeration cycle.

In order to cope w&lh this pmblcm. a proto-type a&r-

conditioner that &s select&vely opemsble under tinea nx&des &s

nlade and tested 'I'he three modes are a cooling nx&de in
&vhich the temperature of the air supplied to the passenger
conlpartment is solely controlled by adjusting a cooling U

db&hly ol an evaporator &n a refrigeration circu&l. a healing
mode in wluch the a&r tempcraturc &s solely controlled by
ddluslulg a heating abil&ty of thc heaier: mid an a&r-nuxing
mode in which the air temperature is controlled by mixing
the cooled air and the heated air &s

Following problems have been found in thc proto-type
mr-cond&lioncr. That &s, when Ihe operating mode is
su Itched froul lhc hcdtulg nlodc 0& lhc Blr-ul&xulg ulodc 10

the cooling mnde, the temperature of the air supplied to the
passenger compartnlent is abn&ptly changed to a lower (o
tempemsture This is because the heated air flowing tluough
the heater abn&ptly disappear~ upon switchin the operation
mode lo Ihc cool&ng mode. Tlus makes passen ers uncom-
fortable. Sunilar problems are lbund when the operating
mode &s switched lbom Ihe coolul mode or lhc a&r-nuxing ss
nlode to the heating mode I'he te&nperature of the air
supplied to the passenger compartment is abruptly changed

The present invention has been made in view of the
above-mentioned problenls. and an oblect of the present
invention is to provide a new air-conditioner in w hich abrupt
tcmpcralure changes ocmirrulg upon sw &tclung the opera lulg
modes are eiiminated.

An air-conditioner for use ul an m&tomotive vehicle
includes an evaporator filr cooling air„a heater for heating
d&r, aud du i&ir-ul&xulg fool fi11 nuxul'hc cooled Bu with lhc
heated air. The evaporator is a heat-exchan er disposed at a
low prcssure sale of a vapor-compress&on-type rcfngcral&on
c&rcuit, and the heater is a heatin dev&ce through which hot
water hciucsl by an elcclnc heater c&rculatcs.

The nir-conditioner is selectively opemsted under one of
thrcc ulodcs, I.c., d coohug ulodc. B hcdtulg ulodc Bnd Bu

a&r-mixing mode In the cooling mode, temperature of the air
to bc supplied lo the passenger compartment is controlled by
contn11hn a cooling ability of the evaporator In the heating,
mode. the air temperature is contmlled by controllin an
electnc power for heating hot v ster circulating through the
heater ln the air-mixing mode. the air temperature is con-
trolled by chm&ging a nlixing ratio of the cooled air relative
to the heated air.

When the operating mode is sw&tched to the cooling mode
from another mode, an amount of cooled air Is gradually
increased by gradually changing the position of the air-
m&xing door. It is preferable to gradually change the position
of the air-mix&ng (kior unul an absolute value Ol'a d&fli:rance
between a target tempemsture and an actual temperature of
the cooled air becomes smaller Ihm& a prcdclernuncd value
ieg, 5" C.) In this manner. an abrupt tenlperature drop
olhca w &se occurnng during a Irausit&onal penod I'rom

another mode tn the coolin nlode can be suppressed or
eliminated. The transitional period &n which the position of
the air-mixing donr is aradually changed n&ay be adjusted
according to an ambient temperature and an amnunt of air
iu&roduccxl into thc mr-cond&lioncr.

When the operating nlode is sivitched to the heatmg mode
from another mnde, an amount of heated air is gradually
increased by gradually changing the position of the air-
m&xing door. It is prcli:rdble to gradually change the posit&on
of the air-mixing door until an absolute value of a difference
bclwimn a ta&gcl lempcralurc and Bn actual tcmperdturc of
the heated air becomes smaller than a predetermined value
fc g., 4'.). The hcalcd a&r lempcraturc may be rcprcsentcd
by a temperature nf hot &vater supplied to the heater. In this
miuu&cr, an abrupt temperature rise otherwisc occurnng
dunng a transitinnal period from another mode to the
heat&n mode can be suppressed or eliminated.

'I'he abrupt temperature changes othenvise occurring,
upon chan in the operating modes. especially in the air-
conditioner using an electric heater, are eliminated or sup-
prcsscd according to lhc present invent&on. Other objects
dud fed&ales of lhc plescul ulvcunou will bccoulc nlolc
re&ably apparmll Ibom a bc&ter understand&ng ol'lhc prcfi:rred
embodin&ent described belo&v with reference to the folloiv-
hlg drawhlgs
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BRIEF DESCRIPTION OF THE DRAWINGS

II(i I is a schemat&c diagram briefly showing an entire
structure of an a&r-conditioner according Io the present
invention;

FIG. 2 is a diagmm showing an electric circuit for
controllu&g the a&r-cond&uoner:

FIG. 3 is a graph show&ng condiuons of sw&tclung oper-
ating modes of the air-conditioner;

FI(i 4 is a graph showing a way ot calculating a taraet Iii

temperature of air cooled by an evaporator accord&ng to
anibient temperature;

FI(i. 5 is a flowcha&t showing a process of selectin an
opcrai&ng mode from among &brae modes;

FIG. 6 &s a flow churt show uig a control process performed
under a cooling niode,

II(i 7 is a flowchart showuig a control pmcess performed
under mi air-mixing n&ode;

FIG. 8 is a flowchart showmg a control process performed
under a heatin mode; lo

FIG. 9 Is a IBblc shown&g d suiluuarv of lhrcc opcidliilg
nxxlcs,

FI(i 10A is a graph fi&r explaining an abrupt temperature
dmp that occurs when the opensting mode is switched front
the air-mixing niode to the cooling mode:

FI(i. 10B is a raph for explaining an abrupt tempermue
rise that occurs when the opemtin mode is s&vitched fmm
the air-mixing mode to the heatuig mode,

FIG. 11 is a graph showing a way ul setting a transuional
tinie for controlling the air-mixing door according to ambi- &o

ent temperature upon switching the operating mode to the
cooling mode:

FIG. 12 is a raph showing a way of setting B transitio&ml
time fi&r controllin the air-mixin door according to ambi-
ent Ic&upemturc upon swilchuig Ihe operdling mode lo the &s

lie&&ling niodc, Bnd
FIG. 13 &s u schemauc ihagram showu&g an allcrnal&ve

structure of the air-conditioner

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A preferred embodiment of the present invention will be
described with reference to FICiS. I 10B. First. referring to
Fl(i. I, an entire stnicture of an air-conditioner for use &n an d-
autoniotive veh&cle will be described. The air conditioner &s

ma&nly compos&xi of m& a&r-condign&oner cas&ng 1 lhal
includes var&ous components, a rcfrigcranon c&rcuil u&elud-

ing an evaporator 6 d&sposed in the casing l„and a heating
circuit includin a heater 12 disposed in the casing I

lllc Casiilg 1 is B dilCI fo&nlhlg Bi& au paSS&igC. At Bi&

upsu cern cnd ol'he casuig 1, lm inlet port 2 for uilroducing
mr lbom a passcngcr comparunenl mid another mlel purl 3
fi&r introducin outside air are formed. An amoiuit of the
outside air relative to the inside air is controlled by a 1

s&vitching door 4. A blower 5 (a centrifu al fan) is disposed
in the vicinity of the inlet ports 2. 3 to send air introduced
from Ihc u&lcl ports 2, 3 uuo Ihe casuig 1.

'lite refrigeration circuit is a known circuit composed of
a compressor 7 driven by an electric motor, a condenser 8, io
depressurizer 9 such as a capiflary tube or a fixed orifice, an
evaporator 6, and a vapor-liquid sepamtor 10. Bll these
components beu&g connected ui serws m ilus order. Rcfng-
cranl c&rmilatuig &n Ihc rcfngcralion circuil is comprcsscd &n

thc compressor 7: Ihc comprcsscd refn orant &s cooled ui the ss
condensor 8; the cooled refrigerant is depressurized m the
depressurizer 9: the refrigensnt is vaporized in the evapora-

tor 6 to thereby cool thc air uiuoduccdt &Bio thc casuig 1: thc
refrigerant is returned to the vapor-liquid separator 10; and
then the vapor refrigemnt is again supphed to the compres-
sor 7 1'he evaporator 6 const&tutes a heat-exchanger dis-
posed at a low pressure side of the refrigeration circuit. The
cooling abiiity of the evaporator 6 is controlled by changin
rola1&onal speed of thc ehxlric motor conncctcd to Ihe
compressor 7.

The heater 12 is disposed downstream of the evapomtor
6. Water pumped up by an electric pump lib thorn a
reservo&r lla is heated in an electric heater 11. The hot water
hcatcd &n the elccuic healer 11 is supphcdt to thc healer 12
d&sposed in Ihc cds&ng 1. A bypass pussage 13 tluough wluch
the air cooled by the evaponstor 6 flows. bypassing the
heater 12, is formed in the casing I An amount air floiving
through the bypass passe e 13 is controlled by an air-mixing
door 14. When the air-mixing door 14 fully closes the bypass
passage 13, el i the air cooled by the evapomtor 6 is re-heated
by thc heater 12. On the other I&and, when Ihc heater 12 is
fully closed by thc mr-nnxing door 14, all thc a&r cooled by
the evaporator 6 flows throu h the bypass passage without
beuig heated by the heater 12. When the air-mixing door 14
is at an intermediate position. the air cooled by the evapo-
rator 6 and the air heated by the heater 12 are mixed at an
downstream position of the heater 12.

At a doivnstream end of the casing 1. three outlets are
formed: a face-outlet 14 for bio&ving conditioned air toivard
an upper portion of passengers: a foot-outlet 15 for blowin
conditioned air tov:ard a foot portion of passengers: and a
defmster-outlet 16 Ii&r blowing condit&oned air toward a
wu&dshicld. Opening degrees of these outlets 14, 15. 16 are
controlled by respccsuc swilclnng doors 14a. 15a. 16a,
respectively.

FICi. 2 shov,s an electric circuit for contmlling operation
of the air-conditioner. The electric motor for driving the
compressor 7 and Ihc electric healer 11 for heating thc w aier
to bc supphcd lo Ihe heater 12 arc controlled by an clcctro&uc
cmitrol unit (Ii(.'U) 17 'I'he circu&t includes an inverter tbr
driving the electric motor in a controlled manner, an l(iBT
for supplying electric current to the electnc heater 11 in a
controlled manner, a main relay for preventin excessive
current in the circuit. and other associated components.
Tempcraturc (Tw) of thc hol water hcatcd by thc elcclnc
heater 11 &s dctiuled by d water tcmpcrulure sensor llc.

Vanous sensors are connected to the ECU 17: a tempera-
ture sensor 17a for detecting an atmospheric temperature
(Tam): a temperature sensor 176 for detectin a temperature
(Te) of the a&r coolnl by thc ei apomtor 6 (Tc is also rcfi:rrcd
to ds B ten&pc&'iituic after ci upi&rater), &I lcilipcidliuc scnsol
17c for detecting a temperan&re ('Ir) in the passenger com-
partment; and a sunshine sensor 17d fi&r detecting an amount
of the sunslfine. Outputs front afl of these sensors are fed to
the ECU 17. A desired temperature (Tact) is mput by a
passen er to a control panel 17e which &s also connected to
the ECV 17.

The air-conditioner described above is opemted under one
of tbrcc opcratuig modem a coolu&g mode, a heating mode
and an a&r-mixuig mode. Opcrauon of the a&r-conditioner
under rcspcct&vc modes will bc dcscribcd below.

(Cooling Mode)
In this mode. the air-mixing door 14 is positioned to fully

close thc passage to the healer 12. so that all the air cooled
by thc evaporator 6 flows Iiuough thc bypass pasadge 13.
The tcmpcrature of conditioned air is controlled by ad) uslu&g
the cooling ability of the evaporator 6. Mo&e particularly,
upon turning on an air-conditioner switch, a desired tem-
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A'llcrc Ti ls II lculpc&BIU&c ul lhc pdsscilgci coilipB&&uu:ul
detected by the sensor 17(x 'I'am is an ambient temperature
detected by the sensor 17a, 'I's is an output of the sunshine
sensor 17d: Kset. Kr, Kam and Ks are control aine: and C
is an adjust&ng constant A temperature Tin of the air
supplied io the evaporator 6 &s calculaled accord&ng lo the
followuig formula:

l»=(es I I+(I — ol I

where (2 is a ratio of the outside air to a total amount of air
introduced into the cas&ng 1. Then, a diffhrence between Tao
and Tui (Tao — T&n), rcfi:rrcd Io as (m air-condit&o&ung mdex,
ls cdlculBI(xl.

When the air-conditioning index (Tao— 'lin) reaches a
predetermined level. the a&r-conditioner is operated under
the coolin mode More parucularly, as shoivn in I(l(i. 3, in
the situation ivhere the index is descending. the cooling
mode is performed when the index becomes -3(" C.) or
lower. In Ihc s&&us(ion whcrc Ihe mdcx is ascendm, thc
cooluig mode &s sw&tchcd to Ihc other mode when Ihe index
reaches — I In other words, the operating modes are
switched with a certam hysteresis

Under the cooling mode, the electric heater I I and the
water pump I lb are not opemsted except ivhen the operating
mode is sivitched to the cooling mode fbom another mode.
When thc opcrauug mode &s switched (o Ihe cooluig mode,
only thc pump 11b is operated unl&l the a&r-nuxin door 14
fully closes the heater 12 (i e . until an opening degree SW
of the air-mixin door 14 becomes 0%)

(Healuig Mode)
In Ihe siluanon wlmrc llm air-condilioning uidex (Tao—

'I'in) is ascending, the heating mode is perfi&oned when the
index becomes 3 or higher, as shown in I(I(i. 3 In the
situation where the index &s descending, the heating mode &s

sivitched to another mode (mostly to an air-mixing mode)
when the index reaches 1. Under the heating mode. the
mr-mixuig door 14 &s pos&t&oned to I'ully close tlm bypass
passage 13. so that all thc a&r scut from Ihc blower 5 lluw s
through the heater 12 'I'he temperature of the conditioned air
is controlled by adjusting the temperature of the hot water
supplied to the heater 12

If the air-conditioner is operated under the heating mode
&shen the ambient temperature is low, the windshield ivould
bc Ibostcd &f thc a&r taken into thc casuig I &s no«lcluun&d&-
lied. In order to dchum&d&l'y thc air taken uilo Ihe casing 1,
the air is cooled by the evaporator 6 befi&re it is heated by the
heater 12 in th&s embodunent. In other words, the evaporator
6 is operated even under the heating mode.

The electric heater 11 is controlled so that a temperature
of the hot water circulating in the heater 12 becomes a target
tcmpcralurc Two. Thc target Icmpcralure Tv,o of (hc hot
Au(et ls cBicUldlixl Bccordu&g 10 lhc lolloA big fbru&UIB.

I» =(l a— ll) 4&eii (2 l

where Te is a temperature of the air affer the evapomtor 6,
winch is detixlcd by thc tcmpcralure sensor 17be mid 4& is a
heal-exchange clhc&m&cy The coolm ab&1&ly ol Ihe evapo-
rator 6 is controlled lo real&zc Ihe Iargel Imnpcralurc Tco
which is determined according to the ambient temperature
'I'am, as shown in I(I(i. 4

i
pcrdlure Tact &npuucd to thc control panel 1'7e imd outputs
fmm all the sensors are read out by the I&('U 17. A target
tenipemture 'I in& of the condit&oned air is calculated accord-
ing to the following formula

Tav— &Xseois'eu-(E& Ii)-(Ease Teal-(is Tsl+U (I)

I 1 1

I

lo

3(i

3(

40

&s

sc

Ss

(Air-M&xing Mode)
In the situation where the air-conditiorung index (Tao-

Tui) &s ascend&ng, Ihe operating mode &s sw&tchcd Irom Ihe
cool&ng mode lo thc air-mixu&g mode wlmn thc index
becomes — I, and switched front the a&r-niix&ng mode to the
heatin mode v,hen the index becomes 3. as shown in I&I(i

3. In the situation where the index is descendina, the
operation mode is switched from the heatin niode to the
a&r-m&xing mode ivhen the index becomes I, and switched
from thc a&r-nuxing mode Io (hc cooling mode when thc
index bccomcs — 3. Under thc air-nux&ng mode. (he lempccd-
ture I'r of the conditioned air supplied to the passenger
compartment is controlled by adjusting the position (or
opening angle SW) of the air-nlixing door 14. An amount of
the cooled air relative to the heated air is controlled by
adlust&n the position of the air-mixing door 14. The air-
uuxulg uiodc Is uiaullv pclfonuix! Ul uilcriluxhalc scBsous,
sprulg Bud in&tuna&, Bud for ih:lluuuihfy'uig lllc du Idkcil uilo
the air-conditioner casing.

Under Ihc a&r-nuxmg mode, Ihc lcmpcralure ol Ihe hol
water c&rculal&ng ui Ihe hcdicr 12 is controlled lo Ihc level of
'I'Ao calculated according to the above formula (3) or to 50"
(', whichever higher I'he hot water temperature is co&1-

trolled by controllin power supplied to the electric heater
11 The opening degree SW of the air-mixing door 14 is
dclcrnuncd according Io thc lollow&ng formula

5(('=(( v-( I ((a-l(d ux" id)

(Transit&on Penod (o Healing Mode)
When the operating nlode is sivitched to the heating mode

from another mode. Ihc opening dcgrcc SW of Ihe a&r-

m&xing door 14 is gradually uicrcascd uut&l an absolute value
of a difFerence bet&veen the target temperature and the actual
temperature of hot water in the heater 12 (& e . (TAO—Tivl)
becomes smaller than a predetermined value. so that that the
amount of the heated air does not abniptly increase. In this
manner, an abrupt temperature change otherwise occurrin
upon su itclung Ihc operaung modes is avo&dcd. Thc prede-
tcnmucd value &s scl to 4'. ui tlus muboduueul.

Thc processes of controlling thc a&r cond&tioncr under
respective opcraung modes are shown u& the llowchans of
FIGS. 5—8. A summary ol'perat&ons under the respimuvc
modes is shovu& in the table of l&I(i 0 Accordmg to the
pmcess shoivn in I'I(i I. one of the openstmg modes (i e,
the coolm mode, the air-mixing mode or the heating mode)
is selected. When the cooling mode is selected. the air-
nux&ng door 14 and Ihe compressor 7 arc driven accordu&g
to thc process shown ui FIG. 6. When thc a&r-m&xing mode
is sclectcd, thc clcclnc healer 11, the compressor 7 and the
a&r-mixing door 14 are operated in a contmlled manner
according to the process shov n in lff(i 7 When the heating

where Tw is a hot ivater temperature detected by the water
tcmperaturc sensor 11C.

(Transit&on Penod (o Cooluig Mode)
When the operating nu&de is switched to the coolmg mode

from another mode. Ihc opening dcgrcc SW of Ihe a&r-

m&xing door 14 is gradually dccrcascd unul an absolute
value of a difference benveen the target temperature and the
actual temperature of the air cooled by the evaporator 6 (i.e,
ITeo—Te() becomes smaller tlmn a predetermined value, so
that that the amount of the cooled air does not abniptly
increase. In this manner. an abrupt temperature change
otherw&sc occurnng upon sw itchuig thc opcraung modes &s

avoided. The prcdclcrnuncd value w sel to 5''. in IIUS

embodin&ent.
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mode ls selectixl, the cliotnc hcatcr 11 mid other compo-
nents are controlled as shown in I'l(i 8.

In the table of Iii(i. 9. Teo (the target temperature of air
cooled by the evapomltor 6), Two (the target temperature of
the hot ivater). SW (the opening degree of the air-mixing
door 14)„and ON or OFF of the water pump 116 are shown
Ior each opcratulg uloiliv

As shown in FIG. 3. it w highly possible tlwt Ihe operating
nlode is switched to the cooling mode from the air-mixing
nlode It is also highly possible that the openlting mode is Ia

switched to the heating mode from the air-mixina mode If
the air-mixing door 14 is abruptly closed (SW 0%), when
the operation is switched to the cooling mode, Tr (a tem-
perature of the conditioned) air blown out oi Ihc face-outlet
14) abruptly changes as illustrated ul FIG. 10A. This is
becmise 'I e (the temperature of the air cooled by the evapo-
rator 6) is much loiver than 'Ir. 'I'he abrupt temperature
change is detnmental to passenger's comfort According to
the present invention. the air-mixing door 14 is gmdually
closed when the operation is switched to the cooling mode. zc

Thus, thc abrupt tcmperaturc cllangc ls avoided.
Similarly, if thc air-mixing door 14 ls abruptly opmlcd

(SW 100%), when the operation is switched to the heating
nlode. 'I'r (a temperature of the conditioned air blov n out of
the foot-outlet 15) abniptly changes as illustrated in Iii(i.
1011 This is because the cool air fiowing through the bypass
passage 13 abniptly disappears. and the hot water tempem-
Iurc Tw docs not inuncdiatcly follow Ihe Iargel hot water
Iempcraturc Two. The abnipt tcmperaturc change is dctn-
mental to passenger's comfort. According to the present ic
invention, the air-mixmg door 14 is giadua)ly opened to a
fully opened position (SW )00%) when the operation is
sivitched to the coolin mode. Tints, the abrupt temperature
change is avoided.

When die opcrution w switched tu Ihc coolulg mode, the ll
mr-mixulg door 14 ls gradually closed toward die fully
closed position until ITco — Tel becomes smaller tlrul a prc-
detemlined value (eg. 5" (1) When the operation is
switched to the heating mode. the air-mixina door 14 is
gradually opened tow ard the fully open position until ITv o— (c
Twl beconles smaller than another predetemtined value (e
4'.). In these Iransiuoual penods. Ihc opcmng dcgrim SW
of Ihc air-mixulg door 14 w controlled according Io thc
formula (4) shown above.

'Ihe present invention is not limited to the embodiment
described above, but it may be variously nxiditied I'or
example. the transitional periods in which the air-mixing
door 14 is gradually closed or opened may be vaned
according to thc ambwnt Iempcmturc Tam. The transitioilal
period in switching to thc cooling mode may bc changed a

according to thc graph shown ul FIG. 11. That is, the
transitional period is controlled so that it becomes shorter as
the mnbient temperature becomes higher and an anxiunt of
air sent by the blower becomes larger.

The transitional period in switching to the heating mode ls
may bc changcdi according to thc graph shown in FIG. 12.
That is. the transluonal penod is conirolled so tllat
biwomes longer as tlm ambient Icmpcmturc becomes lu her
and an mnount of air sent by the blower 5 becomes smaller.

In the air-conditioner shown in Fi(i. I. the lait ivater (c
circuLated in the heater 12 is heated solely by the electric
heater 11. It is also possible to additionally heat water
supplied from u water jacket of an uuenxil combustion
cnginc. An cnurc structure of Ihc air-conditioner ol Ilus Iype
is shown in FIG. 13. Sl

1'he present mvention may be further inodified ls exenl-
plitied below. 'I'hough the electric heater ll is used fiir

hcauug thc hot water circulating thc hcuter 12 in thc I'orc-

going enlbodiment, it is also possible to use a combustion
heater Tiiough the air in the air-conditioner casing I is
heated by the hot water. it is possible to directly heat the air
Though a plate-shaped door is used as the air-mixing door
14. a film-type door may be us&. The transitional period in
switclung to thc cooling mode or thc hcaung mode may be
lixed to a constant pcnod of umc. Though thc vapor-
cmnpression-type refrigeration cycle is used in the tbregoing
embodinlent, it is possible to use other types of refngeration
cycle, such as an absorption-type. 'the present invention
may be applicable also to air-conditioners other than the
automotive air-conditioners.

Wlulc thc prcscnt ulvention has bccn shown and
dcscribcd with rci'crcncc to the foregoing preferred embodi-
ment, it v;ill be apparent to those skilled in the alt that
changes in form and detail may be made therein without
departing fmm the scope of the invention as defined in the
appended claims.

What is ciaimed is:
I An automotive air-conditioner comprisin
an evaporator fiir cooling air to be supplied to a passenger

coulptlltiucilt,
a hcatcr for heating mr to be supplied Io Ilm passenger

compartment:
an air-mixing door for mixin the air mloled by the

evaporator isith the air heated by the heater: and
a controller tbr contmllin the evaporator, the heater and

the air mixing door, the contmller comprising
means for opcralulg ihe mr-conditioner in a cooling mode

in Winch Ihc air nnxing door is I'ully closed) and
tcmpcrature of Ihe air to bc supplmd Io Ihc passcngcr
compartment is controlled by controlling a cooling,
ability of the evaporator;

means for operating the air-conditioner ln a heating mode
in which Ihc air-nuxing door is fully opened and
tcmpcrature of Ihe air to bc supplmd Io Ihc passcngcr
compartment is controlled by controlling a heating,
ability of the heater:

luctlus Iol oper'tltlug Ihc alr-coutlltlollcr lll an alr-ullxulg
mode in wluch the cooling abihty of thecvaporator and
the heating ability of the heater are controlled while
controlling positions of the air-mixing door; and

means for selecting either one of the coolin mode. the
heatulg mode or thc air-mixulg mode, whermn

when an operating mode of the air conditioner is switched
to the cooling nlode from either the heating mode or the
air-mixing mode, the positions of the air-mixin door
are controiled to gradually increase an amount of the
cooled air nl bc supphcil to the passenger compartmcnl
to avoid an abrupt tcmperaturc drop due Io a delay of
the evaponltor responding, to the mode switching; and

the positions of the air-mixing door are controlled to
gradually increase the anlount of the cooled air to be
supplmd Io Ihc passenger comparnncnt until ml abso-
lute value oi a ddlcrcnce bctwccn a target tcmperaturc
and an actual temperature of the air cooled by the
evaporator becomes smaller than a predetermined
value that is a positive non-zero value.

2 The automouvc mr-conditioner as in claun 1, whereul.
the evaporator is a heat exchanger disposed at a lolv

pressure side of a vapor-compression-type refrigeration
circuit that includes a compressor dnven by an electric
motor; and

the heater is a heating device through which hot water
heated by an electric heater circulates
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3. 111e aulomonve air-colxhnoner Bs ul clmm 1, whcrcln
the heater is an electric heater

4 An;lutonlotlvc,'ut'-contlrtloncl'onlpl'Ising'l

evapomtor for cooling air to be supplied to a passenger
conlpanmentl

a heater for heating air to be supplied to the passenger
coulparnucul,

ml mr-mixing door fflr nuxing ihe air cooled by the
evaporator with the air heated by the heater: and

a controller for contmlling the evaporator, the heater and in
the air mixing door. the contnlller coinprising,'eans

for operatin the air-conditioner in a cooliilg mode
in ivhich the air-mixing door is ihlly closed and tem-
pCI'dliilt: 01 lhC Bu 10 bi: SlipphCtl 10 lhi: pB99Cugcr
comparlment Is controlled by controlling a cooling
ability of the evapomtor:

means for controlling the air-conditioner in a heating
nlode in which the air-mixing door is fully openol and
temperature of the air to be supplied to the passenger
contpattment is controlled by controlliilg a heating Io
dbihty of thc hotter,

ulciin9 fol opi:I'iinug thc alr-couthlltuicl ul Bu iiu-nuxulg
mode in which the cooling ability of the evaporator and
the heating ability of the heater are contnllled wlule
controlhng positions of the air-mixina door: and

means fi&r selecting either one of the cooling, mode. the
heating mode or the air-mixing mode; wherein

when dn operaung mode of the mr-conditioner la switched
to Ihc healulg mode from either thc cooling mode or thc
air-mixin mode, the positions of the air-mixing door so

are contmlled to gradually increase an amount of the
heated air to be supplied to the pressure compartnlent
to avoid an abrupt temperature rise due to a delay of the
heater respondin to the mode switching: and

ihe posiuons ol thc mr-mixulg door are conlrollcd 10 ls
gradually Incrcasc thc mnount of Ihe healctl air to be
supplied lo thc passenger comparlmcnt unnl ml abso-
lute value of a difference between a target temperature
and an actual temperature of the air heated by the heater
becomes smaller than a predetermined value that Is a do

positive non-zero value.
5. Thc automouvc mr-conditioner as m claim 4, wherein
Ihc target temperature ol Ihc air heated by the hcatcr Is

rcprcsented by a target tcmperaturc of hot v,alar circu-
latin the heater. and the actual temperature of the air d

heated by the heater is represented by a temperature of
the hot water actually detected.

6. The automotive air-conditioner as in claim 4, wherein,
the evaporator is a heat exchanger disposed at a low

prt:99iili: stile of B viipor-conlplcssltul-lv'pc I I:fllgcl alton
circuit tluil includes a compressur driven by an electric
motor, and

the healer is a heating device tluough which lait water
heated by an electric heater circulates.

7. The automotive air-conditioner as in cLaim 4, w:herein 19

lhc hcalt:I 19 Iiu i:lci:nlc hcdlt:r.
8. An automotive air-conditioner composing.
an evaporator for cooling air to be supplied Io a passenger

compartment;

a heater for healing mr Io be supphed to thc passcngcr
conlpartnlcut:

an air-mixing door for mixing the air cooled by the
evaporator with the air heated by the heater to thereby
control temperature ol'hc air Io bc supplied to Ihe
passenger compartment„

nleans for opensting the air-conditioner in a cooling mode
in which temperature of the air to be supplied to the
passcngcr compartmmll is controlled by controllulg B

cooling ability of the evaporator. a heating mode in
which lcmpcrdlure of Ihe air to be supplied lo Ihe
passenger compartment is contmlled by cioatnllling, a
heatulg ability of Ihc healer, or an Blr-mlxulg mode in
v hich temperature of the air to be supplied to the
passenger compartment is controlled by controllin
positions of an air-mixing, door; and

means for controllulg Ihc positions of Ihc air-mixing duor
to gradually increase an amount of the cooled air to be
supplied to the passenger compartment when the oper-
ating tnode of the air-conditioner Is switched to the
cooling mode from either the heating mode or the
air-nuxing mode until an absolute value of B ddli:rcnce
bclwtvn a laigcl lmuperalure and an actual Icmpcralure
of the Bir coolest by thc evaporator becomes smaller
than a predetermined value greater than zero

9 An automotive air-conditioner comprisin
au evdpoldlol for ctltlhng dlr lil bi: 9upphcil 10 B pdssi:ugi:I

compartment;
a heater filr heating air to be supplied to the passenger

compartment: and
an air-nuxing door ibr mixing thc air cooled by Ihe

evaporator ivith the air heated by the heater to thereby
control temperature of the air to be supplied to the
passenger compartment

ultguls ftir opcralulg lht: Bu-couihnoni:I ul B I:oollug ulixlc
ul wluch lempcralurc oi tiu: mr Io bc supplied Io Ihe
passcngcr compdrnncnt is controlled by controllulg a
cooling ability of the evaporator, a heatmg mode in
v hich temperature of the air to be supplied to the
passen er compartment is controlled by controlling a
heating abiiity of the heater. or an air-mixin mode in
which lcmperaturc 01'he air to bc supplied to thc
passcngcr comparnnmll is controlled by controllulg
positions of Bu Blr-nuxulg tloor, Bull

nleans for controlling the positions of the air-mixing door
to gradually increase an amount of the heated air to be
supplied to the passenger compartment when the oper-
dlulg niotlc ol lhc iilr-couihtloui:I ls swllchcd 10 lhc
heatulg mode from either thc coohng mode or thc
air-mixing mode to gradually increase the amount of
the heated air until an absolute value of a difference
between a target temperature and an actual tempensture
of the air heated by the heater becomes smaller than a
predetermined value greater than zero


