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An automotive air comlitioncr which conditions air making
usc of radiation of heat of a condcnscr and absorption of heat
of an evaporator ctfcctivcty Thc evaporator 207 and thc
comlenser 203 are disposed in a duct IUU. A bypass pas-
sageway 15U )6 provided sidewardly of the comlenser 203 in
the duct 100, and a tlow rate of air bypassing the condenser
203 is controlled by pivotal motion of an air mixing damper
154 Another bypass passage is provided sidcwardly of thc
evaporator 207 in thc duct 100, and a flow rate of air
bypassing thc evaporator 207 is controlled by pivotal motion
of a bypass damper 159. Atr is conditioned to an optimum
blown oui air temperature by varying the cooling rais ai the
evaporator 207 and the heating rate at the condenser 203 and
is blown out to a room of an automobile from spit holes 141,
142 and 143. An outside heat cxchangcr is provided outside
the duct 100, and a flov. of rcfngcrant is changed over
suitably amon the outside heat cxchangcr 202, thc evapo-
rator 2U7 and ihe condenser 203 to perform cooling
operation, heating operation, dehumidifyin ~ operauon,
dehumidifying heating operation and defrosting, operation.

12 Claims, 75 Drawing Sheets

Primary Eranitner William Wayncr
A norney, Agent, or F/rn)~)Rebury Madison a Su luro LLP
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AUTOMOTIVE AIR CONDITIONER HAVING
CONDENSER AND EVAPORATOR

PROVIDED WITHIN AIR DU('T

This is a division of application Ser. No. 08&78 I,047,
liled .Ian. 9, 1997 now U 8 Pat. No 5,782,102, which is a
division of application Scr No. 08 332,062 filed Nov. I,
1994, now U.S. Pat. No. S,642,627, which is a division of
application Ser No. 08&138,207 filed Oct. 20, 1993, now
abandoned, which is a division of application Ser No.
07/873,430 tiled Apr. 24, 1992, now U.S. Pat. No. S,299,431
issued Apr S, 1994

IIA( K(IROUNI) Ol'1IL'NVL'N'IION

1. Field of thc Invention &5

This invention relates to an autnmntive air conditioner for
conditionin air in a room of an automobile. The automotive
air conditioner of the present invention is effectively applied
to an automobile which docs not have a surplus heat source zp
such as, for cxampkb an clcctric automobile.

2. Descnpuon of the Pnor Art
Usually, an automot&ve air conditinner makes use, in order

to heat air, of heat from cooling water for an engine for
drivin an automobile. Howcvcr, hcatin of air is pcrformcrl
using a heat pump when the amount of. heat of cooling water
for an engine is insutlicient or when an automobile does not
originally have engine cooling water such as an electric
automobile.

For cxamplc, in an automotive air conditioner disclosed in
Japanese Patent La&&1-Open Applicanon No. 60-219114, a

flov, of refrigerant is changed over by means of a four-way
valve such that an inside heat exchanger is used either as an
evaporator to cool air or as a condenser to heat air

35With thc automotive air conditioner whcrcin coohn
operation and heating operation arc pcrfomicrl altcrnauvcly
by changing over of a lour-way valve in this manner, su&ca

the mngle heat exchanger changes its funcuon immediately
bet&veen a function of an evaporatnr and another function of
a condenser, there is the possibility that, particularly when ap

the function is changed over, a large amount of moisture
may be blasted from a surface of thc inside hmit cxchan cr
toward thc inside of thc room of thc automobile.

In particular, water condensed on a surface of the inside
heat exchanger during cooling nperation is evaporated from
the surface of the inside heat exchanger as a result of
changdn over to heating operation and then carried into the
room of thc automobik by a blower. Such blasting of a large
amount of. water will instantaneously fog a wmdshield
and'or window glass. The log w&11 make an obstacle to a

Iield of view in dnving the automobile aml is very incon-
venient

SUMMARY OF THE INVENTION
ss

It is an oblect of the present mvenuon to provide an
automotive air conrlnioner lor an automobile, whrch has an
engine of the type wherein engine conling water does not
make a sufficient heat source or has no surplus heat source
such as an clcctric automobile, whcrcin dcsirablc air con- „p
ditioning can bc performed making full usc of a variation of
heat involved in condensation and evaporation in a rcfr&g-
erating cycle.

Particularly, according to the present invention, heat
exchangers disposed in a duct are spec&lied in function as a ps

heater and an evaporator so that it is prevented that a single
heat exchanger alternatively functions as a heater or an

evaporator. In other words, it is another oblect of the present
invention to provide an automotive air conrlitioner which
prevents such a situation even when an operating mode in air
cond&tioning is chan ed over that a large amount nf moisture
is evaporated to cause fogging of thc windshield of an
automobile and so forth.

It is a further object of. the present invennon to provide an
automotive air conrhtioner wherein the capacity of a com-
preewor can be variably controlled by dmving the compressor
by means of an electric mntor and air conditioning can be
performed efliciently ivith a low power hy suitably control-
ling thc dischar ing capacity of thc compressor and
rc-heating of air by means of a hcatcr.

It is a still further oblcct of thc prcscnt invention to
provide an automotive air mnd&t&oner wherein cooling
operation or healing operation can be performed elficiently
by controlling a flow of refrigerant to an outside heat
exchanger which is provided to complement the capacities
of a heater and an evaporator disposed in a duct

It is a yct further object of thc prcscnt invention to provide
an automotive air conditioner ivhcrcin cooling operation,
rlchumidifying operation and heating operation can bc pcr-
lormed el(actively by variably controlling an air flow
bypassing an evaporator and a heater disposed in a duct by
means of a damper

It is a yet further object of the present invention to provide
an automotive air conditioner wherein cooling operation,
rlchumidifying operation and heating operation can bc
achicvcd by suitably controlling a flow of rcfrigcrant rlis-
charged from a compressor between an evaporator and a

heater disposed in a duct and an outs«le heat exchanger
ihsposed outside the duct.

It is a yet further oblect of the present invention to provnle
an automohve air conditioner wherein cooling operation,
dehumidifying operation and heat&ng operation can be
achieved hetter hy varying the heat exchanging capacities of
an outside condenser and an outside evapnrator provided to
complcmcnt the condensing and evaporating functions of a
hcatcr and an evaporator.

It is a yct further object of thc prcscnt invention to provide
an automotive air comlitioncr whcrcin thc operation thcrcof
can bc chan ed over bctwcen heating operation in which
refrigerant circulates in the order of a compressor, a heater,
ilecompressing means and an outside heat exchanger and
dehumidifying operation in which the refrigerant flows in
the order of the compressor, the heater, the nutsirle heat
exchanger, the decompressing means and an evaporator by
changing over thc flow of thc rcfrigcrant and heating opera-
tion can bc maintained while prcvcnting fogging up of thc
winrlshield anil so forth by changing over the operation
suitably to dehumiihfymg operauon when necessary even in
a condition of heating operation

It is a yet further oblect of the present invention to provnle
an automotive air conditioner wherein the operanon
changed over between a heating operation condition anti a

dehumidifying operation condition by changing over means
and dcfrosting of an outside heat cxchangcr can bc achicvcd
by chan in over, cvcn in a heating operation condition, thc
operation to a dehumidifying operation condition in a con-
ihtion wherein it is forecast that the outside heat exchanger
may be frosted.

It is a yet further oblect of the present invention to provnle
an automotive air conditioner wherein the operanon
changed over between a heating operauon condition and a

dehumidifying operation condition by changing over means
anti defrosting of an evaporator can be achieved well by



changing over, even in dehumidilying opera«on, the opera-
tion to heating operation in a cnnclition wherein it is forecast
that the evaporator may he frostecl

It is a yet further object of the present invention to provide
an automotive air conditioner wherein thc condensing prcs-
sure of rcfrigcrant in a hcatcr can bc variccl to control the
temperature of. Ihe heater by performing condensin ~ of the
refngerant, in dehumichlying opera«on, by both of the
heater and an outside heat exchanger and varyrng the
condensing capacity of the outside heat exchanger.

It is a yet further object of the present invention to provide
an automotive air conditioner wherein the pressure of refiug-
crant in an evaporator is prcvcntcd from droppin below a
predctcrmincd value thcrchy to prevent fogging up of an
inside evaporator by provicling a flow of refrigerant winch
bypasses the inside evaporator and changing over the refug-
erant betiveen a flow which floivs to the inside evaporator
side and another tloiv which flnws to the bypass passageway
by means of a solenoid valve.

It is a yet further object of the present invention to provide
an automotive air conditioner wherein high pressure side
refrigerant in a refrigerating, cycle can have a sufficient
subcooling degree and cffiicicnt operation of thc rcfrigcratin
cycle can bc pcrformcd by clividing an inside hcatcr into a
plurahty of inside heaters aml using the inside heater on the
upstream side of a relugerant flow as a comlenser winch
performs condensing of the refrigerant while using the
inside heater on the downstream side of the refrigerant tlow
as a subcooler which performs radiation of heat of con-

30denscd high pressure liquid refrigerant.
It is a yet further object of the present invention to provide

an automotive air conclitioncr wherein thc amount of heat to
be absorbed upon operation of a heat pump is increasecl to
enhance thc heating capacity liy using an inside hcatcr as a

35
comlenser and using both of an ins«le evaporator aml an
outside heat exchanger as evaporators when the heaung los«1

is high such as upon starting nf heating operation under a
low temperature and particularly when heating by inside air
circulation is pcrformcd.

30
It is a yet further object of the present invention to provide

an automatic air conchtioner wherein an inside heater is
divided into an inside condcnscr and an inside subcoolcr ancl

throttling amount control of expanding means can bc per-
formed appropnately even in a condiuon wherem refngerant
does not substanually tlow into either of. the insicle con-
denser and the inside subcooler in a cycle in which the
throttling amount of the expancling means is varied so that
a predetermined subcooling, amount may be obtained with
the inside, subcoolcr.

It is a yet further object of the present invention to provide
an automatic air conditioner wherein a receiver for suitably
absorbing a variation of a flow rate of rcfrigcrant which
circulatcs in a rcfrigcrating cycle can bc installed well in the
refngerating cycle.

It is an addiuonal object of the present invention to
provide an automatic air conclitioncr whcrcin, cvcn in case
frost is detected an a surface of an evaporator when dehu-
michfym ~ operauon is to be performed, defogging oi the
evaporator can be performed without involving a great
variation of the temperature of air tn be blasted

In orcler to auain the oblects, according to the present
invention, the construction is employed wherein an evapo-
rator and a heater which constitute a refrigerating cycle are
disposed in a duct ivhich dcfincs an air passageway 65

I'urther, according to the present invention, a liypass
passageivay is formed sidewarclly nf a heater in a duct, and

the amount of air to pass the bypass passageway and the
amount of air to pass the heater are variably controlled
continuously using an air mixing damper

Further, according to thc prcscnt invention, thc cooling
capacity of an evaporator in a duct aml the heating capacity
of a heater in the duct are suitably controlled by suitably
controlling a flow and a flow rate of refngerant to flow mto
the heater and the evaporator m the duct and alsn into an
outside heat exchan er outside the duct.

Further, according to thc prcscnt invention, a compressor
is driven by an electnc motor, and the speed of rotauon of
the electnc motor is continuously controllecl by a controller
to variably control the discharging capacity of a compressor

Further, according to thc prcscnt invention, an outside
heat exchanger is disposed outside a cluct so that thc heat
exchanging performance of a heater or an evaporator may be
complemented by the outside heat exchanger.

I urther, according to the present mvention, changing over
means is disposed so that a flow of rcfrigcrant passing an
outside heat exchan cr may bc changed over in rcsponsc to
an operation condition rcquircd for thc automotive air
comhtioner, that is, a heating operation condition or a

cooling operation condition.
1urther, accordin to the present inventinn, an outside

heat exchanger is divided into an outside condenser used
only for condensation and an outside evaporator used only
fiir evaporation and varying means are provided lor varying
the comlensing function of the outside condenser and the
evaporating function of the outside evaporator

Further, according to thc prcscnt invention, changing over
means is provided so as to eflcct changing over control
among a cooling opc,ration conclition v hcrcin refrigerant
circulates in the orcler of a compressor, an outside heat
exchanger, decompressing means anil an evaporator, a heat-
ing operation condition wherein refrigerant circulates in the
order of the compressor, the heater, the decompressifig
means and the outside heat cxchangcr and a dehumidifying
operation condition v.hcrcin rcfrigcrant circulatcs in thc
order of the compressor, thc heater, thc outside heat
exchanger, the decompressing means and the evaporator.

I urther, according to the present invention, in a condition
wherein it is forecast that the windshielcl of a room of an
automobile is fogged, changing over means is controlled to
bc driven to change over thc operation from a heating
operation comhuon to a clehumidilying operauon condition.

Further, according to the present invention, in a condition
wherein freezing of an evaporator is forecast, changing over
means is controlled to be driven to change over the operation
frnm a dehumidifying operation conclition tn a heating
operation condition.

Further, according to thc prcscnt invention, means is
provided for chan ing over, in a condition wherein frcczing
of an outs«le heat exchanger is forecast, refrigerant to be
admitted into an outsicle heat exchanger from a low pressure
comhtion alter passing expanchng means to a hi h pressure
condition before passin the expanding condition

1urther, according to the present invention, means for
varying thc capacity of an outside heat cxchan cr is
provided, and upon dehumidifying operation in which both
of the outside heat cxchangcr and a hcatcr perform conden-
sation of. refingerant, the capac«y of the outside heat
exchanger is varied to vary the conclensing temperature of
the heater

1urther, according to the present inventinn, a bypass
passageway for floivin refngerant bypassing an inside



evaporator is provided, and a flow ol refrigerant is controlled
to be changed over by a solenoirl valve between a flow
which flows to the inside evaporatnr side and another flow
which flows to the bypass passage&vay side

Further, according to thc prcscnt invention, an inside
heater is divided into a plurality of inside hcatcrs, and the
inside heater on lhe upstream side in a flow of refngeranl
operates as an inside condenser while the inside heater on
the downstream side in a flow of refrigerant funcuons as an
inside subcooler lc

I'urther, accorrhng to the present invention, an mner
heater functions as a condenser while an outside heat
rxchan cr functions as an evaporator upon hcatin
operation, and when thc heating load is particularly high,
changing over of a tlow of relngerant &s controlled so that
also the inside evaporator operates as an evaporator together
with the outside heat exchanger.

I'urther, according to the present invention, such a con-
struction is employed that an inside heater is divided into an
inside condcnscr and an inside subcoolcr lo achicvc a

ZO

refrigerating cycle in &vhich lhc throttling amount of an
expansion valve is controlled so that a prcdctcrminerl sub-
cooling degree can be obtained, and rehngerant flows into
the inst&le subcooler upon heating opera«on and upon dehu-
midifyin operation.

I'urther, according to the present invention, such a con-
struction is employed that a refrigerating cycle wherein a
reccivcr is disposed on thc upstream side of cxpanrlin
means in a flow of rcfngcrant is formed and thc location of „,
the receiver is always posinoned on the upstream srde of the
expanding means even if the opera«on &s changed over to
any of cooling opera«on, heanng operanon or dehumi&hfy-
ing operation

Further, according lo the present invention, an automouve
air conditioner adopts such a cnnstruction that, when a
frosted condition of an evaporator is forecast or detected
upon dehumidifying operation wherein a heat exchanger on
the upstream sirlc in a duct functions as a rcfngcrant
evaporator and another heat cxchangcr on thc downs&ream ao
side in the duct functions as a relngerant condenser, the
comb&ion of an outside heal exchanger is changed over
bet&veen a conrhtion wherein it is not used as a heat
exchanger bet&veen refrigerant and air or it is used as a
refrigerant condenser to another condition wherein it is used
as a rcfrigcrant evaporator.

IIecause the construction describerl above is employed,
with the automotive air conditinner, the evaporator disposed
in thc duct only performs cooling of air while thc hcatcr
disposed in the duct only performs hcatin of air.
Accorrlingly, such a situauon m ehminaled that a smgle heal
exchanger alternauvely performs coohn ~ ofair or heating of
air in accordance with an operation condition. Ilesides, since
cooling of air by the evaporator anil heating of a&r by the
heater are used m combination, appropriate temperature
control can bc achicvcd while performing dehumidification
of air.

Further, v ith thc automotive air conditioner, thc coolin
capacity can bc varied to vary thc tcmpcraturc of air after
passing thc evaporator by variably controllin thc rlischar - ac
ing capacity of. &he compressor.

Further, with thc automotive air conditioner, while the
outside heal exchanger is disposed outside the duct aml
performs heat exchangmg between outs«le air and
refngeranl, the heal exchanging function of. &he heater or the ss
evaporator by changmg over a tlow nf refrigerant to flow to
the outside heat exchanger between a flow of refrigerant to

flow lo the heater and a returning flow of refrigerant from the
evaporator In this instance, the outside heat exchanger has
a functinn as a condenser or a function of an evaporator by
changing over the Ilo&v of refrigerant. Ilowever, since the
outside heat exchan cr performs heat exchanging bctwccn
air outside thr duct and refrigerant, even if moisture is
pri&rluced by a lar e amount al some location upon changing
over operation, this will not make an obslacle to dmving of
the automobile or the like.

Further, with thc automotive air conrhtioncr, since thc
bypass passageways arc provide&I sirlcwardly of thc evapo-
rator aml the healer and lhe rauo of a flow rate of air flowing
through either one of the bypass passageways lo another
flow rate of air flowing through the evaporator or the heater
is controlled by the damper, cooling of air and heating of air
in the duct can be controlled. As a result, useless cnoling and
usclcss re-heating of air can bc climinatcrl

Further, with lhe automotive air cond&«oner, since the
outside heat exchan er is &hvirled into the oui«&de condenser
anil the nutside evaporator installed separately, also the
outside heat exchanger is always specific&I in function and
the outside condenser anil the outside evaporator are
installed at optimum locations in accordance with rcspcctivc
functions. Further, in this instance, since thc varying mmins
is employed for varying lhe heat exchanging funcuons of. the
outside condenser and lhe outside evaporator, the functions
of the condenser and the evaporator installed in the duct can
be variably controlled in connection with the functions of
the outside condenser and the outside evaporator.

Further, with thc automotive air conrhtioncr, since thc
bypass passage for flowing rcfrigcrant bypassing lhc evapo-
rator is provided aml a flow of refngeranl is controlled to be
changed over between lhe evaporator side and the bypass
passageway side, when lhe pressure of ref&&go&ant m the
evaporator becomes lo&ver than a predetermined value,
refrigerant can be tlo&ved to the bypass passageway side
Since rcfrigcrant docs not flow through thc evaporator when
refrigerant flo&vs to th&, bypass passage« ay side, thc prcssure
of refri orant in thc evaporator rises as a result. Then, when
the pressure of. refrigerant in the evaporator nses higher than
the prerletermined value, relngeranl is changed over so that
it may be flowed to the evaporator side again I'he pressure
of refrigerant in the evaporator can be controlled to the
prcrlctcrmincd value by performing such changing over as
rlcscrilicd just above.

Further, with thc automotive air conrlitioncr, since thc
inside healer is formed separately as a heal exchanger which
Iunchons as a condenser and another heal exchanger which
Iunchons as a subcooler Ior subcoohng condensed h&tu&d

registrant, refrigerant on the high pressure side in the refrig-
erating cycle can have a sufliciently high subcooling &legree,
and cflicient operation of thc reflngcrating cycle can bc
performed.

Further, with thc automotive air conditioner, upon heating
operation, radiauon of heal is performed by the ins«le, heater
while the inside heal exchanger serves as an evaporator in
which absorptinn of heat is performed, and when the heating
load is particularly hi h such as upon starting of heating in
a low tcmprraturc comlition, reflngcrant passes also through
the evaporator so that absorption of heat may bc performed
also in the evaporator. Thc heating capacity can bc enhanced
by increamng lhe amount of heal absorption in this manner.

Further, with the aulomouve air comb«oner, lhe ins«le
heater is divided into the condenser and lhe subcooler, and
a temperature sensing tube is provirled for varying the
throttling amount of the expanding means sn that the sub-



cooling degree of relngerant on the exit side of the inside
condenser may be substantially constant in order that refing-
erant passing the subcooler may have a predetermined
suficooling degree In the refrigerating cycle having such a
construction as dcscribcrl just above, cvcn in a conrhtion
whcrcin no rcfiugcrant flov 5 into thc inside condcnscr anil
the insiile subcooler, operanon of the relngeraun ~ cycle can
be performed with certainty by employing a fixed throttle in
addition to throttling for the expanding means provided by
the temperature sensing tube. lc

Further, with the automotive air conditioner, since, upon
dehumidifying operation, the heal exchanger on the
upstream side in Lhe duct functions as a refwgeranl evapo-
rator aml the heat exchanger on the downstream side rn the
duct functions as a refrigerant conrlenser, when air passes
through the evaporator on the upstream side, it is cooled,
whcrcupon saturated vapor is rcmovcd from thc air, wherc-
aftcr it is hcatcd ivhcn it passes through thc hcatcr on the
downstream side, and after then, it is blasted into the room
of the automobile. Then, if the temperature of the evaporator
drops lo a temperature aL which Irosling occurs or lo a

temperature near to such temperature at which frosting
occurs, the controlling apparatus detects or forecasts such
frosting by means of thc frost sensor. Then, thc controlhn
apparatus controls thc flow passage changin over means to -'hangeover the outsirle heal exchanger from a comlihon
wherein lhe outside heal exchan er is nol used as a heal
exchanger between relngerant and air or is used as a

refrigerant condenser to another condition wherein the out-
side heat exchanger is userl as a refrigerant evaporator

Then, since thc evaporator and thc outside heat cxchan cr
both function as refngerant evaporalors, the evaporatin ~

pressure is raised, aml frosung of the heat exchanger on the
upstream side is preventerl

35

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a diagrammatic view showing a preferred
embodiment of the present inventinn;

FIG. 2 is a Moflicr chart illustrating an operating condi- ao

tion of the automotive air conditioner shown in FIG. I;
FIG. 3 is a diagrammatic view showing another preferred

embodiment of the present inventinn;

FIG. 4 is a flow chart illustrating an example of control of
the automotive air conditioner shown in FIG. 3;

FIG. 5 is a diagrammauc view showm ~ a further preferred
embodiment of the present inventinn;

FIG. 6 is a Moflicr chart illustrating an operation condi-
tion of the automotive air conditioner shown in FIG. 5;

FIG. 7 is a dia rammauc view showmg a sufi further
preferred embodiment of the present invention;

FIG. 8 is a Moflicr chart illustrating operation of the
automotive air conrlitioncr shown in FIG. 7 in a coolin
comhnon; 55

I'IG 9 is a Mollier chart illustrating operation of the
automotive air conditioner shoivn in I'IG 7 in a heating
condition;

FIG. 10 is a flow chart illustrating an cxamplc of control
ec

of thc automotive air conditioner shown in FIG. 7;
FIG. 11 is a diagrammauc view showmg a yet further

preferred embodiment of the present invenuon,
FIG. 12 is a flow chart illustrating an example of control

of the automotive air conrlitioner shown in I'IG. 11;

I'IG 13 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 14 is a dui rammauc view showing a yet further
preferred embodiment of the present invention;

I IG 15 is a Mollier chart illustrating an operation con-
dition nf the automotive air conrhtioner shown in I'IG 14 in
coolin operation;

FIG. 16 is a Mollicr chart illustrating an operation con-
rhtion of thc automotive air conrlitioncr shou n in FIG. 14 in
a heaung conilition,

FIG. 17 is a diagram illustraung an example of conirol of
the automotive air conditioner shown in FIG. 14,

FIG. 18 is a dui rammauc view showing a yet further
preferred embodiment of the present invention;

I IG 19 is a dia rammatic view showing a yet further
prcfi:rrcd embodiment of thc prcscnt invention;

FIG. 20 is a diagrammatic viciv showing a yct further
prcfi:rrcd embodiment of thc prcscnt invention;

FIG. 21 is a diagrammatic viciv showing a yct further
preferred embodiment of the present invenuon;

FIG. 22 is a Mollier chart illustrating operauon of. the
automotive air conihuoner shown in FIG. 21,

I IG 23 is a Mollier chart illustrating another operation of
the automotive air conditioner shown in I'l(h 21;

I IG 24 is a Mollier chart illustrating a further operation
of thc automotive air conditioner shown in FIG. 21;

FIG. 25 is a Mollicr chart illustrating a still further
operation of thc automotive air conditioner shown in FIG.
21;

FIG. 26 is a Mollier chart illustrating a yet further
operation of the aulomouve air conrliuoner shown in FIG.
21;

I IG 27 is a Mollier chart illustrating, a yet further
operation of the automotive air conditinner shown in I'IG
21;

FIG. 28 is a diagrammatic viciv showing a yct further
prcfi:rrcd embodiment of thc prcscnt invention;

FIG. 29 is a dui rammauc view showing a yet further
preferred embodiment of the present invenuon;

FIG. 30 is a dui rammauc view showing a yet further
preferred embodiment of the present invention;

I IG 31 is a dia rammatic view showing a yet further
preferred embodiment of the present invention;

I IG 32 is a dia rammatic view showing a yet further
prcfi:rrcd embodiment of thc prcscnt invention;

FIG. 33 is a diagrammatic viciv showing a yct further
prcfi:rrcd embodiment of thc prcscnt invention;

FIG. 34 is a dui rammauc view showing a yet further
preferred embodiment of the present invenuon;

FIG. 35 is a dui rammauc view showing a yet further
preferred embodiment of the present invention;

I IG 36 is a dia rammatic view showing a yet further
preferred embodiment of the present invention;

I IG 37 is a dia rammatic view showing a yet further
prcfi:rrcd embodiment of thc prcscnt invention;

FIG. 38 is a diagrammatic viciv showing a yct further
prcfi:rrcd embodiment of thc prcscnt invention;

FIG. 39 is a diagrammatic viciv showing a yct further
prcfi:rrcd embodiment of thc prcscnt invention;

I IG 40 is a dia rammatic view showing a yet further
prcfi:rrcd embodiment of thc prcscnt invention;

I IG 41 is a flow chart illustrating an example of refrig-
erating cycle control of the present invention;

I IG 42 is a flow chart showing another form nf the flow
chart shown in Iil(l 41;
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FIG. 43 is a flow chart showing a further form of the flow
chart shmvn in I'IG 41;

FIG. 44 is a flow chart showing a still further form of the
flow chart shown in FIG. 41;

FIG. 45 is a tlow chart showing a yel further form of the
flosv chart shown in I'IG 41;

FIG. 46 is a flow chart showing a ycl further form of the
flow chart shown in FIG. 41;

FIG. 47 is a flow chart showing another example of
refrigerating cycle control of the present invention;

FIG. 48 is a flow chart showing a further example of
refrigerating cycle control of thc prcscnt invention;

FIG. 49 is a flow chart showin ~ another lorm of the flow
chart shmvn in I'IG 48; i5

FIG. 50 is a diagram illustrating a form of control of a
blower for an outsirlc heat cxchangcr of a rcfrigcrating cycle
of the present invenuon,

I'IG 51 is a flow chart illustrating, an example of control
when a refrigerating cycle of the present invention is used m
dehumidifying operation;

FIG. 52 is a lronl elevauonal view showing an example of
operation panel used in the present invention,

I'IG 53 is a diagrammatic view showing a yet further
prefcrrcd cmbodimcnt of thc prcscnt invention;

FIG. 54 is a tlow chart illustrating an example of control
of the automotive air condiuoner shown in FIG. 53,

I'IG 55 is a flow chart illustrating another example of
control of thc automotive air conditioner shown in FIG 53,

ic

FIG. 56 xs a flow chart illuslraung a further example of
control of the automouve air condiuoner shown in FIG 53,

FIG. 57 is a flow chart illustrating a still further example
of control of thc automotive air conditioner shown in FIG. 55
53;

FIG. 58 is a flow chart illumraung a yet further example
of control of the automotive air conditioner shown in I'IG
53;

FIG. 59 is a table illustrating operation morlcs of the sc

automotive air comhtioner shown in FIG. 53 aml operaun ~

comhuons of components of Ihe same,
I'IG 60 is a diagrammatic schematic view showing a tlow

of rcfrigcrant upon heating operation of thc is automotive air
conditioner shown in FIG. 53;

FIG. 61 is a diagrammauc schematic view showing a flow
of refrigerant upon dehumirlifying heating operation of the
automotive air conditioner shown in I'IG. 53;

FIG. 62 is a diagrammatic schematic view shoiving a flow sn
of refngeranl upon cooling operation of the aulomolive air
comhtioner shown in FIG 53;

I'IG 63 is a diagrammatic schematic view showing a tlow
of rcfrigcrant upon dcfrosting operation of thc automotive
air conditioner shown in FIG. 53; 55

FIG. 64 is a lronl elevauonal view showing an example of
operation panel of the automotive air conditioner shown m
lrl(L 53;

FIG. 65 is a diagrammatic view showing a yct further
preferred embodiment of the present invenuon, ec

I'IG 66 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 67 is a diagrammatic view showing a yct further
preferred embodiment of the present invenuon,

I'IG 68 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 69 is a dui rammauc view showing a yet further
preferred embodiment of the present invention;

FIG. 70 is a diagrammatic schematic view showing a flow
of rcfrigcrant upon heating operation of thc automotive air
comhlioner shown in FIG. 69,

I IG 71 is a diagrammatic schematic view shoiving a tlow
of refrigerant upon cooling operation of the automotive air
conrlitioner shown in FIG. 69;

FIG. 72 is a dui rammatic schematic view showing a flow
of refngerant upon dehumidilying healing operauon of the
automotive air conihuoner shown in FIG. 69,

FIG. 73 is a diagrammatic schematic view showing a flow
of refrigerant upon dehumidifying rlcfrosting operation of
the automotive air conditioner shown in FIG. 69;

I IG 74 is a refrigerant circuit diagram nf an air condi-
tioner according to a yet further embodiment of the present
invention;

FIG. 75 is a refrigerant circuit diagram of an air comh-
uoner according to a yet further embodiment of the present
invention;

I IG 76 is a refrigerant circuit diagram nf an air condi-
tioner according to a yct further cmbodimcnt of thc prcscnt
invention;

FIG. 77 is a refrigerant circuit diagram of an air comh-
tioner according to a yet further embodiment of the present
invention;

FIG. 78 is a rcfrigcrant circuit rliagram of an air condi-
uoner according to a yet further embodiment of the present
invention;

I IG 79 is a refrigerant circuit diagram nf an air condi-
tioner according to a yct further cmbodimcnt of thc prcscnt
invention;

FIG. 80 is a rcfrigcrant circuit rliagram of an air condi-
uoner according to a yet further embodiment of the present
invention;

FIG. 81 is a refrigerant circuit diagram of an air comh-
tioner according to a yet further embodiment of the present
invention;

I IG 82 is a refrigerant circuit diagram nf an air condi-
tioner according to a yct further cmbodimcnt of thc prcscnt
invention;

FIG. 83 is a refrigerant circuit diagram of an air comh-
uoner according to a yet further embodiment of the present
invention;

I IG 84 is a refrigerant circuit diagram nf an air condi-
tioner according to a yet further embodiment of the present
invention; and

FIG. 85 is a rcfrigcrant circuit rliagram of an air condi-
tioner according to a yct further cmbodimcnt of thc prcscnt
invention.

l)li'I'AII.LO I)LSCRIP I1ON

Ol'IllL'RLI'LRRL'I)LMIIOI)IML'NT

In Ihe following, embodiments ol. the present invention
will be described with reference to the drawin s. Referring
to I IG I, a duct 100 ivhich defines an air passageway is
disposed in a room of an automobile. A fan case 101 is
conncctcd to an cnd of the rluct 100, anil a blower 132 is
rhsposcd in thc fan case 101. Thc blower 132 is driven to
rotate by a motor 133 disposed at a central locauon thereof.
An inside/ou Iside air changing over secuon 130 is connected
in Ihe fan case 101, and an inside air inlet port 134 and an
outside air inlet port 135 are opened at the mside outside air
changing over section 130. An inside/outside air changifig
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over damper 131 is disposed in the ins«te/outside air chang-
ing over section 130, and air to be introduced m«i the duct
100 can be changctl over bctwccn inside air and outside air
of thc automobile.

The duct 100 hac a plurahty of cp«holes formed at an eml
poruon thereof. for blowing out conditioned air into the room
of thc automobile. Thc spit holes include a vent spit hole 144
for principally blowing out a cool wind towarrl thc head anil
breast portions of passengers, a foot spit hole 145 for
principally blowing out a warm wind toward the legs of
passengers, and a clef spit hole 146 for principally blowin
out a warm wind toward thc windshield. A vent tlampcr 143,
a fool damper 143 and a def damper 141 are provided at the
spit holes 144, 145 and 146 for controlhng air flows to the
spit holes 144, 145 and 146, respectively

An evaporator 207 of a relngeraun ~ cycle ts tlisposed in
the duct IOU, and a comlenser 2U3 of the relngeraun ~ cycle
is disposed on the downstream sirle of the evaporator 207
similarly in the rluct 100 It is to be noted that the evaporator
207 opcratcs as a cooler which takes heat of vaporization zp
away from air for conrlitioning or air upon hmit cxchan in
thereby to cool thc air. Meanwhile, thc condenser 203
operates ac a heater which rruliates heat of. condensation to
air upon heat exchanging thereby to heal the air.

A bypass passageway 150 is disposed sidewardly of the
inside condenser 203 in the tluct 10U, and an air mixin ~

damper 154 is disposed for pivotal monon at an end thereof
in the duct 100 for variably cnntinunusly controlhng the
ratio between the amount of air flnwing through the liypacc
passageway 150 and thc amount of air flowing through thc ic
condcnscr 203.

It is to be noted that the refrigerating cycle includes a
compressor 201 which is driven by an clcctric motor not
shown to compress and discharge rcfrigcrant. Since thc
compressor ZU1 rc disposed in an enclosed casing mtegrally ss
with Ihe electric motor, Ihe locanon thereof ts not limited to
a parncular location II is only preferable for Ihe compressor
201 to be disposed at any other location than within the room
of the automobile for the convenience nf maintenance and so
forth. Rcfrigcrant in a high tcmpcraturc, high pressure ao

condition dischargctl from thc compressor 201 is condcnsctl
by an outside heat exchanger 202. The outs«le heal
exchanger ZOZ operates only ac a condenser and ts disposed
ai a forward location in the advancing tlirecuon of the
automobile co that good heat exchanging can be effected
with outside air. In other words, the outside heat exchanger
202 mccts with a driving wind during drivin of the auto-
mobile so that rcfrigcrant thcrcof can bc cooled well.
Meanwhile, the condenser 2U3 is coupled to Ihe out«tile heal
exchanger 20Z by way of a relngerant pipe. Liquid refng- o

aran! condensed by passage through the condenser ZU3 flows
once into a receiver 205 'I'he receiver 205 hac a compara-
tively great volume so that it can keep surplus refrigerant m
the form of liquid thcrcin. An intcrfacc bctwccn gas anil
liquid appears in the rcccivcr 205, and only liquid rcfngcrant s
ts delivered to expanthng means 2U6 side. The expamhn ~

means Z06 is, in the present automotive air conditioner, a

temperature thlferenhal expansion valve which varies the
throttling amount thereof in response to a degree of super-
heat of refrigerant on the exit side of the evaporator 207 In
particular, the expansion valve 206 rcccivcs a signal from a
tempcraturc sensing tube 204 and varies thc throttlin
amount thereof in response to the signal so that the superheat
on the exit s«le of the evaporator 207 may normally be
constant. The expansion valve 2U6 is disposed m the prox- es
imity of the evaporator 207. On the other hanrl, while the
location of the receiver 205 rlescribed above ic not particu-

larly limited, it is preferably disposed outs«le the room of
the automobile, for example, in the engine room for the
convenience of maintenance and so forth

An operation panel 300 is tlisposcd at a location within thc
room of the automobile at which it can be visually observed
reruhly by a passenger. The operation panel 3UO includes a

lan lever 3UI for controlling Ihe speed of rotation of. the
blower motor 133, a temperature adjusting lever 302 for
controlling the opening of the air mixing damper 154, a
motte changing over lever 303 for controlling the spit hole
tlampers 142, 143 and 141, an operating Icvcr 304 for
controlling Ihe mside!outside air changing over damper 131
to mal e a changing over opera«on, an air conditioner switch
3US for starnng operation of the automotive air condiuoner,
an economy switch 306 for causing the autnmntive air
conditioner to operate in a power saving mode, anil an olf
switch 307 for stopping operation of thc automotive air
contlitioner.

A temperature sensor 3Z2 detects a temperature of air on
the exit side of the evaporator 207, and normally the
discharging amount of the compressor 201 is controlled in
accordance with a si nal from the temperature sensor 322 so
that the tcmperaturc of air on thc exit side of thc evaporator
207 may range from 3 to 4 dcgrccs. However, when thc
economy switch 3U6 is switched on, Ihe discharging amount
of the compressor 201 is variably controlled in response to
a signai from the censor 322 so that the air temperature on
the exit side of the evaporator 207 may range from I(I to 11

degrees
A sensor 323 detects a prcssure of refrigerant on thc

upstream side of thc expanding means 206. A rcfrigcrant
preiwure detected by the sensor 323 is substannally equal to
a pressure of refrigerant in the compressor 2U3, and a

saturation comlensahon temperature of relngerant in the
condenser 203 is calculated from the pressure

Subsequently, operation of the automotive air conditioner
having such construction as describerl above will be
cicscfilicci.

If thc air conditioner switch 305 is switched on and thc fan
switch 301 is sct to any of positions LO, MID and HI, then
the compressor 201 starts its rota«on anti the lan motor 133
is rotated at a selected speed. Gac refngerani in a high
temperature, high pressure condition discharced from the
compressor 201 is condenserl at part thereof in the outside
heat exchanger 202 and condensed at thc remaining part
thereof in the condcnscr 203 rlisposcd in thc duct 100.
Rcfrigcrant thus condensed into liquirl is then scparatcd
lriim gas in Ihe receiver ZUS, aml only the liquid relngerant
is supplietl to the expamhng means 206. The liquid refng-
erant is adiabatically expanded into mist nf a low tempera-
ture and a low pressure by the expanding, means 206 and
then supplied into thc evaporator 207. In thc evaporator 207,
the mist refrigerant cxchangcs heat with air supplied thcrcto
from thc blovvcr 132. In particular, thc mist refrigerant takes
heat of. vaponzanon away from Ihe air so that it is vaponzed
while it remains in a low pressure condiuon. The thus
vaporized gas refrigerant is sucked into the compressor 201
again.

I IG 2 is a Mollier chart illustrating an operation condi-
tion of the rcfrigcrating cycle. A solitl linc in FIG. 2 shows
a condition wherein thc air mixing damper 154 assumes its
tully open posinon as shown in FIG. 1. In other words, the
soliil line shows a conthtion wherein blasung air flows mto
the comlenser 203. As seen lrom FIG. 2, condensauon is
performed by the outside heat exchanger 202 and the
condenser 203. In this condition, an enthalpy AI obtained in
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the comlenser 203 is consumed lor heating of air, anil
accordm ly, air bavin ~ passed the evaporator 2U7 aml the
condcnscr 203 will perform a cooling action by an amount
corresponding to an cnthalpy Ic.

Abroken hne in FIG. 2 shows a condiuon wherein the air
mixin ~ damper 154 assumes its tully closed condition In
this condition, no flow of air is introduced into thc condcnscr
203. Accordingly, conrlcnsation of rcfrigcrant is pcrformcrl
all by the outside heat exchanger 202 ln this instance,
hoivever, since the effective capacity of the heat exchangers ic
ts decreased by the capacity of the condenser 203, the
pressure necessary to condense reliugerant is increased. In
particular, thc prcssure on thc rlischarging side of the com-
pressor 201 is incrcascd a little. On thc other hand, the
pressure on the sucking sirle of the compressor 201 is
maintaini,d constant indcpcndcntly of thc opening of thc air is

mixing damper 154 bccausc it is controlled by thc cxpanrlin
means 206.

Then, in such a condition wherein thc air mixing damper
154 is in a fully closed position as indicated by thc broken

zo
linc in FIG. 2, since thc loss in cnthalpy by thc condcnscr
203 can be ignored, the cooling function of the evaporator
207 can be used as it is for cooling.

Subsequently, a condnion of a ffow of air in this instance
wffl be described. Atr selectively supplied by the inside,i
outside changing over damper 131 is supplied into the
evaporator 207 by the blower 132. I lere, when the air passes
the evaporator 207, it is cooled by vaporization of refngerant
so that it has a tcmpcraturc ranging from 3 to 4 dcgrccs on
the exit side of thc evaporator 207, and in this condition, it
comes to the bypass passageway 150 aml the comlenser 2(l3.

Thc air ffow is suitably sclcctcd by thc air mixing damper
154. In particular, in a conrlition whcrcin maximum coohn
ts required, the air mixing damper 154 closes the condenser
203 so that the cooled air is introduced as it is to the spit hole ss
side. In case it is desired to raise the temperature ot air to be
blown out, the air mixing damper 154 is opened so that part
of the air may be introduced into the condenser 203. Air
introduced into thc condcnscr 203 is rc-heated in thc con-
denser 203 to a prcrlctcrmincrl tcmpcraturc and then nnxcd, (o
in an air mixing chamber 155, with air havm ~ passed the
bypass passageway 150.

Thc thus conditioned air is blown out into thc room of the
automobile from a selected one or ones of the dampers 142,
143 and 141. When the mode switch 3U3 ts at its vent mode
position, only the vent damper 142 is opened while the other
dampers 143 and 141 remain closed Consequently, a cool-
ing ivind ivill be blown out principally to the head and breast
portions of passcngcrs On thc other hand, when the mode
sivitch 303 is at its bi-lcvcl mode position, thc dcf damper so
141 is closed while the vent damper 142 anil the foot damper
143 are opened. Consequently, a warm wind havmg passed
the condenser 203 will be blown out principally from the
foot spit hole 145 toward the feet of passengers while a
cooling wind having passed the bypass passageway 150 is
blown out principally from thc vent spit hole 144 toward the
head and breast portions of thc passengers.

When thc mode lcvcr 303 is brought to its foot mode
position, only thc foot damper 143 is opened while thc other
dampers 142 and 141 arc closed. As a result air bavin ec
passed the condenser ZU3 is blown out from the foot spit
hole 143 toward the feet of passengers.

When the mode lever 303 is set to its def mode posiuon,
only the def damper 141 is opened while the other dampers
142 and 143 are closed. As a result, dehumidilied air bavin ~ es
passed the condenser 203 is blown out from the def spit hole
146 tmvard the windshielrl of the automobile

It is to be noted that, in the automotive air comhuoner
descnbed above, when the mode lever 303 is set to the foot
morlc position, air having passcrl thc condenser 203 will bc
blown out as it is to thc foot portions of passcngcrs. Herc, as
seen from the Itztollier chart of I l(k 2, in the condition
described above, the difference in enthalpy at the evaporator
2U7 is greater by a predetermined amount Ie than the
difference in enthalpy at the condenser 203. Iloivever, since
a considerable part of the cooling capacity of the evaporator
207 is consumed to condense moisture in the air on a surface
of the evaporator 207, air having passcrl thc evaporator 207
and thc condenser 203 will nse in tcmpcraturc. In particular,
even if the temperature of the outside air w low, since ur
cooled when it passes the evaporator 207 is re-heated in the
condenser 203, the temperature of air when it passes the
condenser 203 is raised to 20 to 25 degrees or so. I lowever,
since the temperature is comparatwely low as a temperature
of air to lic blown out upon heating, it is desirable, in an
opcratin condition whcrcin heating is required, to usc a
PCT heater aml some other auxiliary heat source.

While thc rcccivcr 205 in thc automotive air conditioner
of FIG. 1 is disposed on thc rlownstrcam of thc condcnscr
2U3, it may otherwise be drsposed on the downstream of the
outside heat exchanger Z02 as shown in FIG. 19. In this
instance, condensation of refrigerant is completerl at the
outside heat exchanger 202, and the heat exchanger 203 acts
as a subcoolcr vvhich radiates heat of high tcmpcraturc, high
prcssure liquid rcfrigcrant introduced thcrcinto from thc
rcccivcr 205. Accordingly, in thc prcscnt invention, thc heat
exchanger disposed in the duct 1UU is not necessanly limited
to the condenser 203, but includes a subcooler. Accordingly,
in the present invention, a txindenser, a subcooler or the like
which radiates heat of high temperature, high pressure
refrigerant v,ill bc gcncrally refcrrcd to as a hcatcr.

I urther, while, in the automotive air conrlitioner of I'IG
I, the opening of the air mixing damper 154, the speed of
rotation of the blower motor 133 and thc speed of rotation
of thc compressor 201 arc sct by manual operations of a
passenger of the automobile, they may otherwise be set
automatically. FIG. 3 shows such an automauc automouve
air comhuoner. Referring to FIG. 3, a sensor 361 detects a
temperature of outside air, and another sensor 362 measures
a temperature of air in the room of the automobile. A solar
radiation sensor 363 measures an amount of the sunlight
incident into thc room of thc automobile, and a tcmpcraturc
sensor 364 measures a tcmpcraturc of blown out air. Another
temperature sensor 365 is disposed on the exit side of the
comlenser 2U3 and measures a temperature of air having
passed the condenser 203.

An example of. control of the automatic automouve ur
comhtioner will be described subsequently with reference to
I'IG 4 which illustrates a flow chart of the control If
switching on of the air conditioner switch 305 is detected at
step 401, then inputs from thc vanous sensors arc rcccivcd
at step 402. Then, a necessary blown out air tcmpcraturc Tao
is calculated in accordance with the inputs at step 4U3. Then
at step 4U4, it is determined in accordance wnh a value of the
necessary blown out air temperature Tao whether or not the
operation of the compressor 201 should be in an economy
mode In particular, if the necessary blown out air tempera-
ture Tao is equal to or higher than a prcdctcrmincd value, for
cxamplc, 20 degrccs, thc tcmpcraturc Tco at thc exit of thc
evaporator 2U7 is set to a higher temperature s«le preset
temperature, for example, to 10 degrees. On the other hand,
when the necessary blown out air temperature Tao is lower
than another predetermined value, for example, 10 degrees,
the air temperature at the exit of the evaporator 207 is set,
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ai the lower temperature side thereol; to another preset
temperature, lor example, to 3 degrees.

Then at step 405, a temperature 'Ib of air at the exit of the
evaporator 207 is received from the sensor 322 The tem-
perature Te thus received at step 405 and the air temperature
Teo obtained at step 404 are compared with each other at
step 406. When thc actual blown out air tcmpcraturc Ti: is
hi hcr than the aimed blown out air tcmpcraturc Tco, this is
a condition ivherein a higher capacity is required for the
refrigerating cycle, and consequently, the frequency of an
invcrtcr not shown is raised at skp 407 to incrcasc thc
dischar ing capacity of thc compressor 201. On thc contrary
when the actual temperature Te is lower than the;nmed
temperature Teo, this is a condition wherein the capacity of
the refrigerating apparatus is excessively high, and
consequently, the frequency of the inverter is lowered at step
408 to decrease the discharging capacity of the compressor
201. Variation of thc discharging capacity of thc compressor
201 is pcrformcrl when thc aimed tcmpcraturc Tco is lower
than the higher temperature side preset temperature, for zp
example, 10 degrees, aml the routine descnbed above is
repeated hy way of step 409 'I'hen, in case it is judged at step
409 that the aimed temperature I'eo is higher than the h&gher
temperature side preset temperature, the w&ntrol sequence
advances to step 410, at which thc opening of thc air nnxin
damper 154 is controlled. While thc opening of thc air
mixin ~ damper 154 is controlled in accordance with the
aimed temperature Tao, n is inlluenced further by a tem-
perature of refrigerant in the condenser 203. In particular,
when a pressure of refrigerant ohtainerl from the pressure
sensor 323 is high, it &s jurlged that also the temperature of
refrigerant is high, anti in this instance, cvcn if thc aimcrl
tcmpcraturc Tao is equal, thc opening of thc air nnxin
damper 154 is vamed so that the air mixing damper 154 may
be pivoted by a smaller amount.

In particular, in thc prcscnt automotive air condihoncr, as
control of a cooling operation, the discharging capacity of
the compressor 201 is lira& varied to achieve power savin ~

operation and then the air mixmg damper 154 is pivoted so
that the temperature control may he available to the high ap
tcmpcraturc side.

Referring noiv to I'IG 5, there is shown a further auto-
motive air conditioner according, to the present invent&on, m
which the rcfrigcrating cycle is an accumulator cycle. In
particular, an accumulator 212 for accumulatin rcfrigcrant as
therein is installed on thc exit side of thc evaporator 207 anti
the suckmg side of the compressor 201, an&1 a capillary tube
211 of a lixed throttle is employed m place of the expansion
valve as the expanding or decompressing means. In this
instance, since the capillary tube 211 does not require an so
cxccssivc installation area, it is disposed in thc duct 100.

I'IG 6 is a Mollier chart of the automotive air condit&oner
shoivn in I'l(k 5. A solid line in I1G 6 illustrates a cond&tion
whcrcin thc air mixing damper 154 is opcncrl fully so that
coolin air is introduced into thc compressor 203. s
Meanwhile, a broken line in FIG. 6 illustrates another
example wherein the air mixing damper 154 &s closed so that
the condenser ZU3 may not substanhally perform a condens-
ing operation Also with the present automot&ve a&r

conditioner, it can he seen that, similarly as with the auto-
motive air conditioners of thc prcccdin cmborlimcnts
described above, thc prcssure on the higher prcssure side
nses a Iinle when the air mixing damper 154 &s close&I.

Further, smce the relngerating cycle is an accumulator
cvcle, superheat is not taken on the exit side of the evapo- as
rator 207. Instead, a predetermined suhcooling degree is
obtained on the exit side of the condenser 203

FIG. 7 shows a still further automotive air comlinoner of
the present invention, in which the outsirle heat exchanger
202 can be changed over such that it &s used as a condenser
or as an evaporator in secor&lance with the necessity In
particular, referring to FIG. 7, a first four-way valve 213 and
a second four-way valve 214 arc disposed at thc opposite
end portions of the outside heat exchanger 202. The lirst
R&ur-way valve. Z13 is changed over between a Iirsi con-
necting condition (indicated hy a solid line) wherein inter-
connects the discharging side of the compressor 201 and the
outside heat exchanger 202 and interconnects the suction
side of the compressor 201 and thc rcfingcrant pipe 220 and
a second connecting condition (indicatcrl by a broken linc)
wherein it interconnects the discharging side of the com-
pressor ZUI and the refrigerant pipe 220 and interconnects
the outside heat exchanger 202 and the sucking side of the
compressor 201.

Also thc second four-v ay valve 214 is chan cd over
between a lirst connecting conch&ion indicated by a soli&I line
in FIG. 7 and a secoml connechng mnd&t&on indicatetl by a
brol en line in FIG. 7. In the lirst connecting condition, the
second four-way valve 214 interconnects the outside heat
exchanger 202 and the condenser 203 and interconnects the
evaporator 207 and thc sucking sirlc of thc compressor 201.
On thc other hand, in the second connecting condition, thc
secoml four-way valve 214 interconnects the rel nge rant pipe
22U and the comlenser ZU3 and interconnects the evaporator
2U7 anil the outinde heat exchan er 202.

It is to he noted that, in the automotive air conditioner
shown in FIG. 7, since it has a conrlition wherein thc
evaporator 207 and thc outsirlc heat cxchangcr 202 arc
connected directly to each other, an evaporation pressure
regulating valve 208 is disposed on the downstream of the
evaporator 207.

Subscqucntly, an operation conrlition of thc automotive
air condition shown in FIG 7 will bc described with
reference to Mollier charhs of FIGS 8 aml 9. FIG. 8

illustrates a comhnon wherein the lirst aml secoml four-way
valves 213 aml 214 assume their respecuve lira& connecting
cond&tions and the outside heat exchanger 202 acts as a
condenser I'he condition is used principally upon cooling
operation in summer. Thc condition is basically similar to
that of thc Mollier chart shoivn in FIG. 6, and thc variation
in enthalpy at the condenser 203 is adtusted in response to
the opening of. the air mixing damper 154.

I IG 9 illustrates another condit&on wherein the hrst and
second four-way valves 213 and 214 assume the respective
second connecting conditions on thc contrary. In thc prcscnt
conrlition, thc outside heat cxchangcr 202 is used as an
evaporator, and the present condihon is used pnncipally for
heating operation in winter. In this instance, relngerant
d&scharged from the compressor 201 is supplied to the
condenser 203 hy ivay of the refngerant pipe 220. ('ondlen-
sation of refrigerant is performed only by the condenser 203
Accordingly, a great cnthalpy ditfcrcncc is obtained at thc
conrlcnscr 203, anti conscqucntly, a sulhcicnt amount of heat
can be raduited. Refrigerant con&lensed into liquid by the
comlenser 203 is decompressed aml expamled when it
passes the capillary tube 211 and is supphed in the form of
mist into the evaporator 207 Lvaporation of refrigerant is
performed by the evaporator 207 anti the outside heat
exchanger 202.

It is to be noted, however, that the pressure of relngerant
in the evaporator 207 is maintained constant since the
evaporation pressure regulating valve 208 is disposed on the
downstream of the evaporator 207 In &s particular, it is
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prevented that lhe pressure of refrigerant in the evaporator
207 is lowered excessively so thai Ihe temperature at a

surface of thc evaporator 207 drops to a kmpcraturc lower
than —2'. to cause freezing of thc surface of thc evaporator
207 Particularly m winter, there is the possibility that, upon
admission of outside air, the temperature of the evaporator
207 may be dropped excessively. However, where the
evaporating pressure regulating valve 208 is disposed in this
manner, otherivise possible freezing of the evaporator 207
can be prevented with certainty On the contrary, when
refrigerant passes thc evaporating prcssure regulating valve
208, thc pressure thereof is further droppcrl such that the
evaporahng temperature in the outside heal exchanger 202
becomes lower than the freezing point. Consequently, freez-
ing likely occurs at the outside heat exchanger 202. In order
to prevent freezing at the outside heat exchanger 202, high
temperature refrigerant on the discharging side of the com-
pressor 201 should bc supplied lo thc outside heat cxchan cr
202 at suitable time intervals.

It is to bc noted that, in thc automotive air conditioner zo
shown in FIG 7, thc tirst and second four-way valves 213
and 214 are controlled by changing over of thc switches 306,
310 and 311. In parucular, in a condi«on wherein the cooler
switch 31U or the economy swilch 306 is on, the automouve
air conditioner performs cooling operation with the hrst and
second four-way valves 213 and 214 set to the respective
first connecting conditions. On thc other hand, in another
condition v.hcrcin thc heat switch 311 is on, lhc first and
second four-way valves 213 and 214 assume thc rcspcctive
second conner:tin'omhtions, aml Ihe automouve mr con-
d«toner performs heaung opera«on.

It is Io be noted that it is also possible lo moihfy the
automotive air condiuoner shown m FIG. 7 mto an auto-
matic automotive air comhuoner employmg a microcom-
puter. In this mstance, sensors similar to those shown in I'IG ss
3 may be employed, and the discharging capacity of the
compressor 201, thc opening of thc air mixing damper 154
and changing over operations of thc first and second four-
way valves 213 and 214 are controlled by way of the
controller 300. Such control will be described with reference so
to FIG. 10. After an aimed blown out air temperature Tao is
calculated at step 403 in accordance with inputs received at

step 402 from the various sensors, it is jurlged at step 411 m
accordance with thc aimed blown out air tcmpcralurc Tao
whcthcr cooling operation or heating operation shoukl be a-
performcd. In case a cookr mode is dctermincd, thc first and
second four-way valves 213 and 214 are changed over to the
respecuve Iirst connecung conditions mihcated by sol«I
lines in lrlG. 10 at step 412 In the cooler mode, control of
a blown out air temperature is executed using steps 405, 406, so
407, 408, 409 and 410 similar to those of thc cycle shown
in FIG. 4.

In case a heater mode is determined at step 411, the hrst
and sccoml four-wary valves 213 and 214 arc changed over
to thc rcspcctivc second connecting positions indicated by s
broken lines in FIG. 10 at step 413. In the heater mode, the
air mixing damper 154 is basically held in a fully open
comhtion, and to this end, an instrucuon is delivered at step
414 to fully open the air mixing rlamper 154. At step 415
after then, a pressure of refngerant is inputted from the
sensor 233 and a condensing tcmpcraturc at thc condcnscr
203 is calculated in accordance with lhc refri crant prcssure.
Then, a comlensing temperature Tc obtained from the sensor
365 is compared at step 416 with the aimed temperature Tao
calculated al step 4U3. In case the condensm ~ temperature as
Vao is higher, the control sequence advances to step 417, at
which the frequency of the invertor is lowered to decrease

the discharging capacity of lhe compressor 201. On the
contrary in case the condensing temperature 'lb is lower, the
frequency of the invertor is raised at step 418 to increase the
discharging capacity of the compressor 201 In this manner,
in thc operation illustrated in FIG. 10 of thc automotive air
conditioner, poivcr saving operation of thc compressor 201
by control ol the invertor takes precedence in either of the
cooler mode and the heater mode

I IG 11 shoivs a yet further automotive air conditioner
accordin to thc present invention While thc evaporator 207
in all of thc automotive air conditioners rlcscribcd above is
ihsposed such that it occupies the enure air passm ~ position
in the duct 1UU, it is disposed, in the present automotive ur
comhtioner, such that a bypass passageway 160 may be
formed sidewardly of the evaporator 207 in the duct 100
I'urther, a bypass damper 159 is disposed for pivotal motion
in thc duct 100 so that thc rate bctwccn an amount of air
fiowing in thc bypass passageway 160 and another amount
of air llowing in the evaporator 207 may be controlleil by
means of Ihe bypass damper 159. Construcuon of lhe other
portion of the automotive air conihlioner is similar lo that of
the automotive air conditioner descnberl hereinabove with
reference to I'IG. 7

Accordin ly, in thc automotive air conditioner shown in
FIG. 11, the fiow rale of air to tlow into Ihe evaporator 207
pnncipally upon heating operation can be decreased by
means of the damper 159. Since the blown out air tempera-
ture of the evaporator 207 is that for cooling of air even upon
heating, if the flow rate of air to pass the evaporator 207 is
dccrcascd by means of thc damper 159 in this manner, then
the heating capacity is cnhanccd as much

Subsequently, an example of control of the controller 300
in the automotive air conditioner shown in I'IG 11 will be
described The present control is characterized particularly
in control of the opening of thc damper 159. In thc flow chart
of FIG. 12, control of thc damper 159 is cxccukd when a
heater mode is determined at step 411. In other words, in
case a cooler mode is determined at step 411, the damper 159
closes the bypass passageway 16U so that lhe entire amount
of air from the bloiver 132 may pass the evaporator 207

When a hcatcr mode is dctcrmincd at step 411, a ncccs-
sary dehumidifying amount is calculatcrl at step 419. Thc
necessary dehumidifying amount is calculated depending
upon whether or not Ihe insideioutside air chan un ~ over
damper 131 is in an inside air admitting conrlition and in
accordance with an amount of a wind of the bloiver 132, a
relative humidity in the room of the automobile anil so forth
Then, at step 420, thc damper 159 is continuously controlled
in accordance ivith thc ncccssary dchumirlifying amount. In
parucular, when the necessary dehum«lilying amount
great, air is introduced into the evaporator 2U7 to increase
the dehumidifying amount of the evaporator 207. 'I'hen, after
pivoting control of the damper 159 is executerl at step 420,
the discharging capacity of the compressor 201 is varied by
varying thc frequency of thc invcrtor similarly as in thc
control dcscribcd hcrcinabovc with rcfcrcncc to FIG. 4,
therebv controllin ~ the blown out air Iemperauire. Also in
this instance, Ihe air mixing damper 154 is in lhe tully open
condition so that the entire amount of air is tlowerl into the
condenser 203.

Accordin ly, with thc automotive air conditioner shown
in FIG. 11, cooing opera«on anil healing operation can be
performed well, anil particularly upon heating operation, the
heating dhciency can be enhanced by restncung the func-
tion of the evaporator 207 to a minimum limit necessary for
dehumidification
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An automotive air comhuoner according to a yet further
embodiment of the present invenuon will be descnbed
subscqucntly with rcfcrcncc to FIG. 13. Thc present auto-
motive air conditioner includes fourth check valves 216,
217, 218 and 219 in place of the second four-way valve 214
described hereinabove

In the follov ing, dcscnption will bc given of functions of
the check valves. When thc hrst four-way valve 213 is at the
tirst connecting position indicated by a solid line in I'l(i 13,
high pressure refrigerant discharged from the compressor io
201 comes to Ihe check valves 216 aml 218 by way of the
outside heal exchanger 202. Then, due to a funcuon of the
check valve 218, thc rcfrigcrant will not fioiv to the evapo-
ration prcssure regulating valve 208 side but will all flow to
the condenser 203 side past the check valve 216 After then,
the refrigerant is decompresserl by the decompressing or is

expanding means 211 and introduced to the evaporahon
pressure regulaung valve 208 and the check valve 219 by
way of thc evaporator 207. Thc check valve 218 on thc
downstream of thc evaporation prcssure regulating valve
208 can mechanically flow refrigerant therethrough toward zo

the dmvnstream of the evaporation pressure regulating valve
208. However, since the downstream of the check valve 218
ts in a high pressure con&idion on the diachargmg side of the
compressor 201 as dcscribcd hcrcinabovc, thc loiv pressure
refrigerant cannot pass thc check valve 218. On thc othcr -;
hand, since the check valve 219 is communicated with the
low pressure side of the compressor 201 by way of the
accumulator Z12, refrigerant can pass the check valve 219
reachly. Accorthn ly, refrigerant will all be returned to the
compressor 201 past thc check valve 219.

Subsequently, a tlow of reingerant when the Iirst iour-
way valve 213 is in the second connecting position indicated
by a broken line in FIG. 13 will be described. In this
instance, rcfiagcrant in a high prcssure conrlition dischar crl
from thc compressor 201 comes to thc check valves 219 anil
217 'I'hen, the flow of refrigerant is stopped by the check 33

valve 219, and consequently, all of the refrigerant flovvs to
the check valve 217 side. Then, the flow of the refngerant
having passed the check valve 217 w stopped by the check
valve 216, and conscqucntly, all of the rcfrigcrant flows to
the condi,nscr 203 side. ao

The refwgerant having flowed throu h the condenser 203
is then put into a low prcssure condition when it passes the
decompri,ssing means 211 and then flows to thc evaporation
pressure regulating valve 208 side by way of the evaporator
207 Thus, since the check valve 219 is acted upon at an end
thereof by a high pressure on the discharging side of the
compressor ZU1, reingerant after having passed the evapo-
rator 207 cannot pass thc check valve 219. Accordin ly, all
of thc refrigerant passes thc check valve 218 past thc
evaporation prcssure regulating valve 208. Thc rcfngcrant so
having passed the check valve 218 will all flow into the
outside heat exchan er ZU2. This is because the exit side of
the check valve 216 is at a high pressure on the discharging
side of the compressor 201 and the refrigerant cannot pass
check valve 216 I'he refrigerant having passed the outside
heat exchanger 202 ivill thcrcaftcr return to thc suction side
of thc compressor 201 by way of thc first four-way valve
213.

In this manner, with thc automotive air conrlitioncr shown
in FIG. 13, the functions of thc second four-way valve 213 ao
are substituted by the lour checl valves 216, 217, 218 aml
219. Accordingly, electnc movable elements can be reduce&i,
and consequently, the automotive air conditioner has an
improved durability

Subsequently, a yet iurther automohve air conthuoner of as
the present invention will be described with reference to
ltl(h 14.

In Ihe automotive air comhtioners oi. Ihe ioregoing
embodiments descnbed hereinabove, only one outside heat
exchanger, that is, thc heat exchanger 202, is cmploycd and
is either used as a condcnscr (cmborlimcnts shown in FIGS.
I, 3 and 5) or is chan ed over between a function of a
condenser and another function of an evaporator, embodi-
ments shown in FIGS. 7, 11 anti 13). However, m the
automotive air conihuoner of Ihe embotliment shown in
FIG. 14, tvvo outside heat cxchangcrs arc provided including
an outside condenser 202 anil an outside evaporator 210.
Besides, in the automatic air conditioner of the present
embodiment, a condensing damper 253 is providerl as con-
tlensing side varying means so that the flow rale of air to
flow into the, outside condenser 202 may be varietl.
Similarly, an evaporating side damper 254 is provided as
evaporating side varying means so that thc flow rate of air
to be sucked into the outside evaporator 210 may be variably
controlled

In this manner, in the automotive air conditioner of thc
cmbodimcnt shown in FIG. 14, thc tv o outside heat
exchangers are ahvays userl individually as a condenser
(outside condenser 202) and an evaporator (outside evapo-
rator 21U). Here, the outside condenser 202 is used princi-
pally upon coolin ~ operauon to cool reingerant into liquuh
Accordingly, prcfcrably thc outside condcnscr 202 is
installed, for example, at a front portion of thc automobile so
that it may meet with a driving wind of the automobile lfi
the meantime, the outside evaporator 210 is used to evapo-
rate refiugerant principally upon hexing. Preferably, the
outside evaporator 210 is disposed such that, i or evaporation
of rcfrigcrant upon heating, it may not mcct with a driving
winri of. Ihe automobile or the like when Ihe temperature of
outside mr is low. More particularly, preferably the outsnle
evaporator 210 exchanges heat with ventilauon air from
within the room of the automobile 'I'herefore, the outside
evaporator 210 is disposed intermediately of a flow of
ventilation air at a rear location of thc room of thc automo-
bile

In this manner, with the automotive air conrlitioner shown
in FIG. 14, thc outside condcnscr 202 and thc outside
evaporator 210 can both bc disposed at rcspcctivc optimum
loca non s.

Further, since the dampcrs 253 and 254 arc cmploycd in
the present automotive air conrlitioncr, thc heat exchanging
capaciues of. Ihe outside heat exchangers 2U2 aml 210 for
which no function is required ior construcuon of a refrig-
erating cycle can be minimized I'or example, it is
demanded, upon cooling operation, that refrigerant be
evaporated only at the evaporator 207, and in this instance,
the evaporator damper 254 closes thc outside cvaporators
214 and 210 so that a flow of air may not flow into thc
outside evaporator ZHI. On the other hand, upon heating
operation, it is desirable that condensauon of refrigerant be
performed in the condenser 203 disposed in the duct 100,
anil in this instance, the condensing damper 253 closes the
outside condenser 202.

I'hose conditions will be described with reference to the
Moliier charts of lrl(iS. 15 and 16 lq(i 15 illustrates a
coolin condition, in which rcfrigcrant compressed to a high
prcssure l&y thc compressor 201 is first condcnscd by thc
outside condenser 202 and then conrlcnscd by the condcnscr
2U3 disposed in the duct 1UU. Further, in this condition, the
outside evaporator Z1U is substantially prevented Irom per-
forming heat exchan in by the evaporation rlamper 254,
anti consequently, evaporation of refrigerant is performed
only by thc inside evaporator 207.

On the other hand, I'l(h 16 shows a heating conrlition lfi

this condition, the condensing damper 253 closes the outside
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comlenser 20Z, aml consequently, condensation of refnger-
ant is performed only by the inside conrlenser 203. The
evaporating pressure of the evaporator 207 is regulated by
the evaporation pressure regulating valve 208, and evapo-
ration of rcfrigcrant which has bccn further dccomprcsscrl
upon passing through thc evaporation prcssure ref«latin
valve 208 is performed by the outside evaporator 210

In the automotive air conditioner shown in I'IG 14, m
addition to the discharging capacity of the compressor 210,
the opening of thc air mixing damper 54 and thc opemng of '"
the bypass damper 159, also thc openings of thc condcnsin
side damper 253 and the evaporaung s«le damper Z54 are
controlled by the controller 30U. The openings aml the
capacity are controlled pnncipally in accordance with an
aimed bloivn out air temperature 'I'an calculated in accor-
dance with values inputted from the various sensors A
concept of thc control is illustrated in FIG. 17. Thc axis of
abscissa of FIG. 17 inrlicatcs thc aimed bloivn out air
temperature Tao, which increases in the nghtward direction
in HG. 17. In parucular, a heaung condiuon is shown at a

nght-hand side poruon while a cooling mmdition is shown
at a left-hand side portion of I'IG 17

Thc location A in FIG. 17 shows a maximum coolin
condition, in which thc capacity of thc compressor 210
presents its maximum anil the amount of pivotal mouon of
the air mixing damper 154 is 0, that is, no air is blown to the
condenser 203. Meanwhile, the amount of pivotal motion of
the bypass damper 59 is at its l()0rya, anil consequently the
entire amount of air passes the evaporator 207. Further, the

iccondensing side varying means 253 is open to allow air to
be admitted into thc outside condenser 202. In thc mc antimc,
the damper 254 on the evaporating s«le varyin ~ means is
closed so that no air is admi«ed into the, outside evaporator
210 When the cooling capacity required for the automotive
air conditioner decreases (pnint 0 in I'l(i 17) as the cooling 33

load decreases after then, the capacity of the compressor 201
is decreased first. In particular, thc spccd of rotation of the
compressor driving motor is lowcrcd to dccrcasc thc coohn
capacity so that the temperature of air on the exit inde of the
evaporator 207 is raised. Consequently, power saving opera- 30

tion is achieved first After the capacity of the compressor
210 is minimizerl, the air mixing damper 154 begins to open
(point ('n I I(i 17) so that air may lie re-heated by the
condcnscr 203.

As the aimed blown out air temperature Tao further nses
(point D in FIG. 17), the bypass damper 159 begins to close
so that air may be flowed to the cnnrlenser 203 side liypass-
ing the evaporator 207 'I'his condition corresponds to dehu-
midifying operation principally in autumn an winter and in

3
an intcrmcrliatc time

As the aimed blown out air temperature Tao further nses
(point h in I'IG 17) after then, the operation mode of the
automotive air conditioner is changed over from cooling
operation to heating operation. In particular, the damper 253
which is thc condensing sirlc varying means is closed to stop
the function of the outside condcnscr 202. Mcanwhilc, the
damper Z54 which is the evaporating side varying means is
opened to cause the outside evaporator 21U to funct«in.

Then, the discharging capacity of the compressor 201 is
raised as thc aimed blown out air tcmpcraturc Tao nscs to
raise thc condensing tcmpcraturc at thc condcnscr 203
(points F to G in FIG. 17). It is to be noted that, m the heahng
comhtion, when the aimed blown out air temperature Tao is
comparatively low, the bypass damper 159 is held in a ss
somewhat open condition so that dehumidifying operation
can be performed simultaneously.

Then, in maximum heating operation (point H in FIG. 17),
the rlischarging capacity of the compressor 201 presents it
maximum and the air mixing damper 154 introduces the
entire amount of a flow of air into the condenser 203
Mcanwhilc, thc bypass damper 159 closes thc evaporator
207 so that air may be flowcrl to thc conrlcnscr 203 side
bypassing the evaporator Z07. Further, the evaporaung s«le
varying means 253 stops the tune«on of the outside con-
denser 202 ivhile the evaporating side varying means 254
causes the outside evaporator 210 to function

It is to bc noted that, while, in thc control described
hereinabove with reference to FIG. 17, the condensing s«le
ilamper 253 and the evaporaung side damper 254 are
individually chan ed over between the fully closed comh-
tion and the fully open condition, is pivotal motion of the
dampers 253 and 254 may otherwise be controlled continu-
ously if necessary. Further, while, in thc automotive air
conrlitioner described above, thc air mixing damper 154
begins to open after the discharnng capacity of the com-
preiwor 201 hms been mmimized, the point of ume at which
the air mixing damper 154 begins to open may be advanced.
In nther words, the components descrilied above can be
changed suitably if necessary

Further, while, in thc automotive air conditioner shown in
FIG. 14, the dampers 253 anil 254 are employed as con-
ilensing side varying means and evaporaung s«le varying
means, respectively, alternatively a conrlensing fan 261 may
be provided as condensing side varying, means while an
evaporating fan 252 is provided as evaporating side varying
means as shoivn in FIG. 18. In particular, thc heat exchang-
ing functions of thc outside condcnscr 202 and the outside
evaporator 2IU may be varied by controlling rota«on of. the
lans 251 and 25Z, respectively.

It is to be noted that, while the bypass passageway 15U is
formed sidewardly of the condenser 203 in the automotive
air conditioner described above, alternatively the entire
amount of air in thc duct 100 may pass thc condcnscr 203 as
scen from FIG. 20.

A pair of auxiliary hcatcrs 700 and 701 arc disposed on
the downstream of the condenser 203 in the duct 10U. Each
of the auxihary heaters 700 and 701 may be lormed from a
PCI'eater or an electric heater In the autnmntive air
conditioner shown in I IG 20, cooling nperation, dehumidi-
fymg operation and heating operation are achieved inrlividu-
ally by controlling flow rates of rcfrigcrant into thc evapo-
rator 207 and thc condcnscr 203 both disposed in thc duct
IUU

Retorting now to FIG. Zf, there is shown a refngerating
cycle of the automotive air conrhtioner shown in FIG. ZU. In
the refrigerating cycle shown, the four-way valve 213
changes over, upon energization thereof, the refrigerating
passa c in such a manner as indicated by a solid linc, but
changes over, upon dccncrgization thcrcof, to such a manner
as indicated by a broken linc. Further, the outside heat
exchanger 202 includes a fan 251.

In the present refrigeraung cycle, the lour-way valve 213
and the solenoid valves Z60 aml 261 are suitably changed
over to control a flow of refngerant to achieve various air
conditioning operation I'irst, a cooling operation condition
will bc dcscribcd. In this condition, thc four-way valve 213
is cncrgizcd so that rcfrigcrant discharged from thc com-
preiwor 2UI is flowerl to the ouuside heat exchanger 2U2 s«le
by way ol the four-way valve 213 anil the check valve 262.
Here, the refngerant meets with a wind from the fan 251 so
that it is condensed in the outside heat exchanger 202 while
remaining in a high temperature, high pressure cnnrlition
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Meanwhile, the solenoid valve 261 remains closed in this
condition, and accordingly, the refrigerant condensed in the
outside heat exchanger 202 flnws into the expanrling means
211 and is decompressed and expanded into mist m a low
tcmpcraturc low prcssure condition when it passes the
expanding means 211. Thc rcfrigcrant in thc form of mist
then flows into lhe evaporator 207, in which it is evaporaletl,
whereupon il takes heat of vaponzauon away lrom conch-
tinning air to cool the air.

Then, thc refrigerant cvaporatcd in the evaporator 207 is
sucked into thc compressor 213 again by way of thc accu-
mulator 21Z. Il is lo be noted that, in this instance, since the
refngeranl passage is communicated at a branchmg point
264 on lhe upstream of the accumulator 212 with the
condenser 203 side by way nf the four-way valve 213, the
check valve 265 positioned on the downstream of the
condcnscr 203 closes thc rcfrigcrating passe c in accorrlance
with a difl'crcncc in prcssure, and conscqucntly, substantially
no refrigerant will flow into the condenser ZU3.

It is to be noted that there is no possibility that part of
refrigerant having flowed to the condenser 203 side may be
liquefied and accumulated m the condenser 203. This is
because refrigerant in thc condenser 203 is sucked into the
compressor 201 by ivay of thc four-way valve 213.

Subsequently, a tlow of rehngerant when the automonve
air conditioner operates as a heating apparatus will be
described In this instance, the compressor 201 and the
condcnscr 203 arc communicated with each other by way of
the four-way valve 213 Mcamvhilc, thc solenoid valve 260
ts closed to cause rehngeranL lo flow lo a capillary element
266 side. Further, the solenoid valve 261 is opened to cause
refngeranl from lhe ouLside heat exchanger ZU2 ui flow to
the accumulator 212 side.

Accordingly, upon heating operation, rcfrigcrant put into ss
a high tcmpcrature, high prcssure condition by thc compres-
sor ZUI flows by way of of lhe lour-way valve 213 into the
comlenser ZU3, in which it exchanges heat with air from the
blower 132. In this instance, since the condensing tempera-
ture is 40 to (ifl'('r so, air passing in the duct 100 isheated ap
when it passes the conrlcnscr 203. Thc rcfrigcrant condcnscrl
in the condenser 203 is subscqucntly dccomprcsscd anti
expanded, when it passes thc capiflary clcmcnt 266, into
mist of a low temperature and a low pressure. The refngeranl
mist then flows into the outside heat exchanger 20Z by way
of the check valve 265 The outside heat exchanger 202 acts
as an evaporator, and in the outside heat exchanger 202, the
refrigerant exchanges heat with air supplied thereto from the
blower 251 so that it is cvaporatcd. Thc rcfrigcrant bavin
passed thc subside heat cxchangcr 202 can flow to both of sp
the solenoid valve 261 side aml the capillary tube 211 side,
bul since the commumcauon resistance is higher on the
capillary tube 211 side, the refrigerant flows, as a result, into
the accumulator 212 by way nf the solenoid valve 261 past
the branching point 264 It is to be noted that, while the
refrigerant passage is communicamd with thc four-way
valve 213 at thc branching point 264, thc rcfri crant will not
circulate into lhe outside heat exchanger 202 again due to a

diflerence in pressure.
Subsequently, a dehumidifying, operation condition of the

present automotive air conditioner will bc rlcscribcd. In this
instance, thc solcnoirl valve 260 is opcncd and thc solcnoirl
valve 261 is closed in such a heaun ~ operalxin conihuon as
described hereinabove. Consequently, rehngerant parnally
comlensed in the outside heal exchanger 202 is decom- ss
pressed at the capillary tube 211 anti flows, in this icnndition,
into the evaporator 207 'I'hen, in the evaporator 207, the

refrigerant will be evaporated lo cool air blasted thereto
frnm the blower 132.

Accordingly, in the dehumidifvmg operation, air is cooled
once in the evaporator 207 and then heated in the condenser
203 Consequently, when thc air passes thc evaporator 207,
the saturation evaporating tcmpcraturc drops to cause mois-
ture in the air lo be comlensed and adhere lo a surface of the
evaporator 2U7. Then, since lhe air is re-heated in this
comhlion when it passes the condenser 2U3, lhe relauve
humidity is dropped remarkably, and consequently, good
dehumidification is performed

I IGS. 22, 23 and 24 are Mollier charts illustrating cooling
operation, heating operation and dehumidifying operation,
rcspcctively, of the rcfrigcrating cycle shown in FIG. 21. As
ilescmbed above, upon cooling operauon, the ouLside heat
exchanger 2UZ acts as a condenser while an evaporating
action is performed in the evaporator 207. On the other hand,
upnn heating operation, refrigerant is condensed in the
condenser 203 ivhile the outside heat exchanger 202 acts as
an evaporator.

It is to bc noted that thc ditfcrcncc in evaporating prcssure
bctwcen FIGS. 22 aml 23 arises from thc fact that thc
temperature of air flowing into lhe evaporator 207 upon
cooling is higher than lhe temperature of air flowing into the
outside heat exchan er 202 upon heating

On the other hand, as seen from I'IG 24, upon dehumidi-
fymg operation, condensation of refrigerant is performed by
the condenser 203 aml thc outside heat cxchangcr 202 while
evaporation of rcfri crant is pcrformcd by thc evaporator
2U7 In this instance, the enlhalpy is higher at the evaporator
2U7 than al the comlenser 203, bul since condensauon of
moisture in air proceeds in the evaporator 2U7, the tempera-
ture of air is not loivered very much when it passes the
evaporator 207 due to latent heat involved in the condlen-
sation of water. Mcanv.bile, since thc cnthalpy of thc con-
rlcnscr 203 is all used to raise thc tcmpcraturc of air, thc
temperature of air having passed both of lhe evaporator 207
and lhe contlenser Z03 either has a substannally same level
or is raisetl as a result.

Subsequently, control of the temperature of air of the
automotive air conditioner upon dehumidifying, operation
will he described I'I(IS. 25, 26 and 27 are Mnflier charts all
illustrating operating conrlitions upon rlchumidifying
operation, and FIG. 25 shows a Mollicr chart upon normal
operation. In the normal operauon, the blower 251 is rotated
weakly so that a pretlelermined amount of air w blasted to
the nutside heat exchanger 202 to assure heat exchanging at
the nutside heat exchanger 202 As a result, the air tempera-
ture lowering capacity of the evaporator 207 substantially
coincides ivith thc air tcmperaturc raising capacity of thc
conrlcnscr 203, and air having passcrl both of thc evaporator
2U7 anil the comlenser ZU3 raises its temperature a liule.

FIG. 26 shows a condition wherein it is desired to rmse the
blown oul air temperature in dehumiihlying operanon. In
this instance, the bloiver 251 stops its actinn in order to
rerluce the heat exchanging capacity nf the outside heat
exchanger 202. As a result, thc condensing capacity is
rlccrcascd generally while thc condensing prcssure is
increased. As thc condensing prcssure oscs, thc tcmpcraturc
of air when it passes the condenser will be raised.

FIG. 27 shows another condition whcrcin it is dcsircd to
lower the blown out air temperature in dehumidifying opera-
uon. In this instance, lhe blower 251 for the outsitle heat
exchanger 202 is rotated al a high speed to raise the
condensing capacity of the outside heat exchanger 202 As
a result, the condensing pressure is lowered, anil air cooled
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when it passes the evaporator 207 will be blown out into the
room of the automobile without heing heated very much

It is to be noted that, in the case of IIG 27, since the total
condensing capacity of the nutsirle heat exchanger 202 and
the condi,nscr 203 is incrcascrl, lhc condensing prcssure in
the refrigerating cycle is lov crcd, and as a result, also the
evaporanng pressure at the evaporator 207 rs lowereri.
Consequently, there is the possibility that frost may appear
on the evaporator ZU7. Therefore, in this instance, the speed
of rotation nf the compressor 201 is controlled so that
dehumidifying operation may continuously proceed without
lowering thc pressure in thc evaporator 207, that is, thc
sucking prcssure of air into thc compressor 201, very much.

Subsequently, defrosting of lhc outside heat cxchangcr
202 upon healing operauon will be descnbed. As descnbed
hereinabove, since lhe outside heal exchanger 202 funcnons
as an evaporator in heating operation, particularly ivhen the
temperature nf outside air is low, the temperature of a
surface of the nutside heat exchanger 202 becomes lnwer
than thc freezing point and frost adhcrcs to thc outside heat
exchanger 202 Then, if frost arlhcrcs in this manner, ihc heat
exchanging function of the outside heat exchanger 202
deteriorated remarkably so that good operanon of one refng-
eraling cycle cannot be achieved and consequently heann ~

operation of the condenser 203 is not performed Thus, m
this instance, refrigerant in a high temperature, high pressure
condition will bc passed through thc outside heat cxchan cr
202 to melt thc frost adhcnng to thc outside heat cxchan cr
202. In the dehumidiiying operauon, operation of the out-
side blower ZSI is stopped lirsl. Meanwhile, the inside
blower 13Z is rotated at a low speed. Then, the insrde outside
air chan in over damper 131 is put into an inside air
admitting condition so that the temperature of blown out air
from thc duct 100 may not bc lowered. Further, power is
made available simultaneously to thc auxiliary hcatcr 700
and 701. In this condinon, the solenoid valve 260 is opened
while the solenoiri valve 261 is closed. Consequently, refng-
eranl having passed lhe compressor 201 llows into the
condenser 203 and the outside heat exchanger 202 while it

remains in a high temperature, high pressure conditinn As
a result, thc tcmpcraturc of thc outside heat cxchangcr 202
rises and frost adhering to thc surface of lhc outside heat
exchanger ZUZ will be melted The refngerant condensed in
the ou(side heal exchanger 202 is then decompressed aml
expanded in the capillary tube 211 and then llows rnto the
evaporator 207 As a result, the temperature of air in the duct
100 becomes low, hut since, in this condition, the amount of
a wiaml of thc blower 132 is small and thc auxiliary hcatcrs
700 and 701 can work to thc utmost, rcmarkablc dctcriora-
tion of the blown out air temperature can be prevented.

Further, in order lo accomplwh defrostmg of the outside
heal exchanger ZU2 in a short penod of lime, the compressor
201 has a capacity as high as possible and the invertor
thereof has a frequency as high as possible.

ss
It is to be noted that, when defrosting nperation is

proceeding in this manner, a lamp may bc lil so thar this may
be rccognizcd by a passcngcr of thc automobile.

Further, when operation of thc automotive air conditioner
automatic operation, changing over between heanng

operation aml deirosting operanon is performeil in accor-
dance ivith the following cnnrlitions

(I) The temperature of the outside heat exchanger 202 is
lmver by I

0''r more than the temperature of outside
air: as

(2) The temperature of the outside heat exchanger 202 is
lmver than —3''r so anil

(3) Heaung operation has conunued for longer than a

predetermined period of time (60 minutes)
Whether or nnt defrosting is requirerl is jurlgerl in accor-

dance with the conditinns
FIG. 28 shov s a yct further automotive air conditioner

accordin to thc prcscnt invention. Thc prcscnt automotive
air conriitioner adop(s a three-way valve 269 in place of. the
giur-way valve Z13 of lhe automotive air conditioner shown
in FIG 21 In addition, a solenoid valve 268 is disposed in
a cnoiing pipe adjacent the branching pnint on the upstream
of the accumulator 212.

Upon cooling operation, thc thrcc-way valve 269 is
changed over to a position indicated by a solid linc so that
refrigerant discharged from lhe compressor 201 may be
introduced to lhe outside heal exchanger 2U2. In this
instance, the outside heat exchanger 202 acts as a condenser,
anti refrigerant decompressed and expanded in the capillary
tube 211 is then supplied to the evaporator 207 'I'he refrig-
erant evaporated in thc evaporator 207 is fcd back to thc
accumulator 212 side past thc branchin point 264. Thc
solenoid valve 268 opens the refrigerant pipe upon cooling
operation. Consequently, also refngeranl accumulaled in lhe
condenser 203 is supplied, due to sucking action of the
compressor 201, frnm the refrigerant pipe to the compressor
201 side by way of the solenoid valve 268 and the branchi fig
point 264. In this instance, the prcssure of rcfrigcrant in thc
condcnscr 203 is dccrcascd suddenly so that also lhc evapo-
rating temperature of the refmgeranl is lowered.
Consequenllv, immeilialely after starling of cooling
operation, also refrigerant accumulated in the conrlenser 203
is evapnrated thereby to complement the cooling capacity
On the nther hand, upon heatmg operation, the three-way
valve 269 is changed over so that rcfrigcrant discharged
from thc compressor 201 is now introduccrl into lhc con-
ilenser 2U3. Further, the solenoiri valve 260 w closed so that
refrigerant comlenseii m the condenser 2U3 is supplied to the
outside heal exchanger ZU2 by way of the capillary element
266 Meanivhile, the solenoid valve 261 is opened sn that
refrigerant evaporated in the outside heat exchanger 202 is
sucked from the solenoid valve 261 towarrl thc accumulator
212 side. In this instance, thc solenoid valve 268 is in a
closed condition, anti relrigeranl ihscharged irom lhe com-
pressor 2UI is prevented from being short-circuiled lo be
sucl ed lo lhe accumulator 212 side.

Upon dehumidifying operation, the three-way valve 296
introrluces refrigerant discharged from the cnmpressor 201
to thc condenser 203. Mcanwhilc, thc solenoid valve 260
opens the rcfrigcrant passage so that rcfrigcrant of a high
pressure is supplied from the condenser 2U3 to the outsnle
heat exchanger ZUZ. Then, the solenoid valve 261 is closed
so thai refngeranl condensed by the condenser 203 anti the
outside heat exchanger 202 is supplied to the evaporator 207
by way of the capillary tube 211

It is to be noted that actions in dcfrosting operation and
dehumidifying operation of thc automotive air conditioner
of FIG. 28 are similar to those of the aulomonve ur
comhlioner shown in FIG. 21.

FIG. 29 shows a yel further automotive air comhuoner
according to the present invention The present automotive
air conditioner employs a pair of solenoirl valves 270 and
271 in place of thc thrcc-way valve 269 of thc automotive air
conditioner of FIG. 28. Actions in cooling operation, heating
operation and dehumidifying operauon are similar lo those
of lhe aulomouve air condinoner of FIG 28.

FIG. 30 shows a yel further automotive air comhuoner
according to the present invention The present automotive
air cnnditioner employs a single three-way valve 272 in
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place of lhe two solenoid valves 27U and 260 of the
automotive air conditioner of I'l(h 29

I'IG 31 shoivs a yet further automotive air conditioner
accordin to the present invention 'I'he present automotive
air conditioner is constructed such that thc operation thcrcof
between cooling operation anil heating operation is per-
formed by changing over of lhe four-way valve 213.

In parucular, upon cooling operanon, the four-way valve
213 introduces high pressure refrigerant discharged from the
compressor 201 into the outside heat exchanger 202. The
refrigerant condensed in the nutsirle heat exchanger 202 is
decompri,sscd and cxpandcd in thc capillary tube 211 anti
supplicrl to thc evaporator 207. It is to bc noted that a back
flov, of the reingerant lo lhe condenser 203 side then is
prevented by a check valve 273. Then, the refngeranl is
evaporated in the evaporatnr 207 is sucked into the com-
pressor 201 by way of the accumulator 212

On the other hand, upon heating, the four-way as changed
over so that refngcrant discharged from thc compressor 201
is supplied to thc condcnscr 203. Then, thc rcfngcrant zo

condensed in the condenser 2U3 ts decompressed anil
expanded when it passes the capillary element 266, and after
then, it floivs tn the branching point 274 liy way of the check
valve 273 Most of the refrigerant cnming to the branching
point 274 tloivs to the outsirle heat exchanger 202 side due
to a diflercncc in prcssure Mcamvhilc, part of ihc rcfngcrant
flows to thc evaporator 207 by way of thc capillary tube 211.
Then, the refngeranl evaporated in the outside heat
exchanger ZUZ anil lhe evaporator 207 is supplied to the
accumulator 213 anil then fed back to the compressor 201

In such heating operation, refrigerant will not tlow much
to the evaporator 207 side due tn a resistance of the capillary
tube 211. Howcvcr, some rcfrigcrant is supplied to the
evaporator 207, at ivhich part of thc rcfrigcrant is evapo-
rated. ('onsequently, even dunng heaung, some dehumuh- zs
fying operation is achieved.

FIG. 3Z shows a yel further automouve air condiuoner
accordin to the present inventinn In the present automotive
air conditioner, changing over of a cycle is performed by the
single four-way valve 213 anil a single on,'ofl'soicnoirl valve so
290. Upon cooling operation, thc four-way valve 213 is
changed over to a position imlicated by a soliil line rn FIG.
32 and lhe solenoid valve 29U is opened. As a result,
refngeranl discharged from the compressor 201 ts con-
densed in the outside heat exchanger 202 and then decom-
pressed and expanded in the capillary tube 211, whereafter
it flows into thc evaporator 207. Then, thc rcfrigcrant cools
air by an evaporating action of thc evaporator 207. On the
other hand, upon healing, the four-way valve 213 rs chan ed
over lo another posiuon inihcated by a brol en line rn FIG. o

32, and aLso the solenoid valve 290 is put mto an open
condition. As a result, refrigerant discharged from the com-
pressor 201 is condensed in the conrlenser 203 and then
decompri,sscd and cxpanrlcd in the capillary 266. After then,
the refrigerant passes thc check valve 273 and then flows s
mamly to lhe outside heat exchanger 202 siile due to a

diflerence m pressure. Meanwhile, part of the refngeranl
flov,s mto the evaporator ZU7 by way ol the capillary tube
211. Then, the refrigerant having passed the outside heat
exchanger 202 and the evaporator 207 is collected mto the
accumulator 212 anti then fcd hack into thc compressor 201.
In this conrlition, since some refrigerant floivs into thc
evaporator ZU7, dehumidifying operauon is performed suit-
ably upon heating.

Further, when dehumulifymg operation rs to be ss
performed, the four-way valve 213 is changed over similarly
as upon heating operation described above, and the solenoid

valve 29U is opened aml closed at suitable timings. When the
solennid valve 290 closes the refrigerant passage, refrigerant
tlows into the evapnrator 207 by way of the capillary tube
211 so that the cooling capacity of the evaporator 207 is
increased. Conscqucntly, thc dehumidifying function of thc
evaporator 207 is incrcascd Then, a rcquircd dehumidifying
amount is obttnned by suitably changing over lhe openmg,'losing

operation of lhe solenoid valve 29U at a suitable duty
ratio. Upon dehumidifyin operation, the solenoid valve 290
may be held closed normally

I IG 33 shows a yet further automntive air conditioner
accordin to thc present invention. Upon cooling operation,
the four-way valve 213 is changed over to a position
indicated by a aohri line in FIG 33 and the solenoid valve
293 opens ils refrigerant pipe while the solenoid valve 294
closes its refrigerant pipe Meanivhile, the solenoirl valve
291 npens its refri erant pipe It is tn lie noted that the
solennid valve 292 performs opening anil closing, operations
of thc refrigerant pipe suitably in accordance with a rcquircd
coolin capacity. Accordingly, in this condition, rcfrigcrant
ihscharged from the compressor 201 flows into the outsnle
heat exchanger ZU2 by way of the four-way valve 213 and
the solenoid valve 293 and is condensed in the outside heat
exchanger 202 After then, the reftugerant passes the sole-
nnid valve 291 and is decompressed and expanded in the
capillary tube 211, whcrcaftcr it is cvaporakd in thc evapo-
rator 207. After then, it passes thc accumulator 212 anti is
Ied bacl lo lhe compressor 201.

Upon heaung operation, the four-way valve 213 is
changed over to annther position indicated by a broken line
in FIG 33 and the solenoid valve 291 closes its refrigerant
pipe. Meanivhile, the solenoid valve 292 opens its refriger-
ant pipe: thc solenoid valve 293 opens its rcfrigcrant pipe:
and the solenoid valve 294 closes its rcfrigcrant pipe. As a
result, refngeranl discharged from the compressor 201 flows
into lhe condenser 203 by way of lhe four-way valve 213 and
is then decompressed and expanded in the capillary element
266, whereafter it is evaporated in the outside heat
exchanger 202 After then, it is fed hack tn the compressor
201 by ivay of thc solenoid valve 293, thc four-way valve
213 and thc accumulator 212.

Subsequently, dehumiihfying operation will be descnbed.
In this instance, both of lhe solenoid valves 291 and 294 are
opened. As a result, reiingerant discharged from the com-
pressor 201 is divided into a flow which then is liquefied in
the condenser 203 and floivs to the evaporator 207 by way
of thc capillary 211 and another flow which then flows by
way of the solenoid valve 294 into thc outside heat
exchanger 202, in which it is hquelied, whereafter it flows
to the evaporator Z07 by way of the solenoid valve 291 and
the capillary lube 211. In particular, conriensauon ol refng-
erant is performed in parallel by the condenser 203 and the
outside heat exchanger 202 Then, the refrigerant evaporated
in thc evaporator 207 flows into thc accumulator 212 by way
of thc refrigerant pipe.

Here, upon such dehumidiTying operation, the condensing
preewure can be controlled by varying the heat exchanging
capacity of the outside heat exchanger 2U2. The capacity
control of the outside heat exchanger 202 is perfnnned by
varying the amount of bloivn out air by the blower 251
Altcrnativcly, a damper for thc outside hest cxchangcr 202
may bc provided in place of thc blower 251. Further, thc
opening and closm ~ limes of the solenoid valve 294 may be
conlrolled lo control the condensing pressure, that is, the
blown oul air temperature.

I IG 34 shows a yet further automntive air conditioner
according to the present invention In the present autnmotive
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air conditioner, coohng operation, heating oper«non aml
dehumidifying operation are selectivelv perfomied hy suit-
ably changing over solenoid valves 295, 296 and 297 Iiirst,
cooling operation will he described In this instance, the
solenoid valve 295 closes its rcfrigcrant passage whik thc
solenoid valve 296 opens its refrigerant passage and also the
solenoid valve 297 opens its relngerant passage. Further, the
four-way valve 213 is changed over to a position indicated
by a broken line (:onsequently, refrigerant discharged from
the compressor 201 flows hy way of the four-way valve 213
into the outside heat exchanger 202, in which it exchanges
heat ivith outside air so that it is condensed. Thc rcfngcrant
then floivs into thc solcnoitl valve 296 by way of thc check
valve 280 and then passes lhe capillary element 266, where-
upon il is decompressed and expandeil. After then, the is
refrigerant flows into the evaporator 207, in which it takes
heat of vaporization away from air so that is it evaporated
After then, the refrigerant flnws into the accumulator 212 hy
way of thc solenoid valve 297 and thc four-way valve 213.

On thc other hancl, upon heating, thc solenoid valve 295 zo

opens its refrigerant pipe while Ihe solenoid valve 296 closes
ils refrigerant pipe anil also the solenoid valve 297 closes ils
refrigerant pipe I'urther, the fnur-way valve 213 is changed
over to another position indicaterl hy a solid line m FI(i 34
(:onsequently, upon heating, operation, refrigerant dis-
charged from thc compressor 201 succcssivcly passes the
four-way valve 213, thc check valve 281 and thc solcnoitl
valve 295 and rs then contlenseil in the comlenser Z03. After
then, the rehngerant is decompressed and expanileil when il
passes the capillary tube 211, anil then tlows into the outside
heat exchanger 202 by ivay of the check valve 282. Then, the
refrigerant is evaporated in the outside heat exchanger 202
and is fcd back into thc compressor 201 by ivay of the
four-way valve 213 and thc accumulator 212.

Subsequently, dehumidilying operanon will be descnbed. zs
In this instance, the solenoid valve 295 is opened while the
solenoid valve 296 is closed anil also the solenoid valve 297
is closed. 'I'hen, the four-way valve 213 is changed over to
the position indicated hy the broken line in I'IG 34
Accordingly, rcfrigcrant tlischargcd from thc compressor so
201 flows by way of thc four-v ay valve 213 into thc outside
heal exchanger 2U2, in which il is condensed. Further, the
refngeranl flows by way of Ihe check valve 28U and the
solenoid valve 295 into lhe compressor 203, in whrch it is
condensed Then, when the refrigerant passes the capillary
tube 211, it is decompresserl and expanded into a low
tcmpcraturc, low prcssure condition and then flows, in this
condition, into the evaporator 207. Thc refri crant is evapo-
rated m Ihe evaporator 207 and then fed bacl into the
compressor Z01 by way of the solenoid valve Z97, the o

four-way valve 313 anil the accumulator 212. Accorihn ly,
in the automotive air conditioner shown in I'l(i. 34, upon
dehumidifying operation, cnnrlensatinn of refrigerant is per-
formed by the outsiclc heat cxchangcr 202 and thc condcnscr
203, and thc blown out air tcmpcraturc is controlled by s
controlling the amount of blown oul air by the blower 251
to control Ihe heat exchanging capacity of the outside heal
exchanger ZUZ to vary the condensing pressure of the
condenser 203

In particular, in the automotive air conrlitioner shown m
FIG. 34, upon tlchumidifying operation, rcfrigcrant flows
first into thc outside heat cxchangcr 202 and then into the
comlenser Z03. On the other hand, in the automotive air
comhtioner shown in FIG. 21. relngerant flows first into the
comlenser 203 aml then into the outs«le heat exchanger 202. ss
llere, in case refrigerant flows first into the ccondenser 203,
the refrigerant having high superheat immediately after

ihscharged from lhe compressor 201 flows into the con-
denser 203, and consequently, the blown nut air temperature
frnm the condenser 203 becomes higher and dehumidifica-
tion having some heating effect can he performed

FIG. 35 shou s a yct further automotive air conditioner
accordin to thc present invention In thc prcscnt automotive
air conditioner, the operation is changed over among cooling
operation, heating operation and dehumidifying,operation
hy means of the four-ivay valve 213 and a solenoid valve
298

I irst, in cooling operation, the four-way valve 213 is
changed over to a position indicated by a broken linc in FIG.
35, and thc solenoid valve 298 opens its passage. As a result,
refrigerant discharged from Ihe compressor 231 flows by
way of. Ihe four-way valve 213 into the outside heat
exchanger 202, in which it is condensed 'I'hen, the con-
densed refrigerant passes the check valve 283 and the
solennid valve 298 and is then decompressed and expanrled
in thc capillary tube 211. After then, thc rcfri crant is
evaporated in thc evaporator 207 and is fcd back into thc
compressor 201 by way of the accumulator 212.

On Ihe other henri, upon heaun ~ operanon, the four-way
valve 213 is changed over to another positinn inrlicated by
a solid line in I'l(k 35, and the solenoid valve 298 closes its
refrigerant pipe Accordingly, refngerant discharged from
the compressor 201 flows by ivay of thc four-way valve 213
into thc condenser 203, in which it is contlcnscd. After then,
the relrigeranl flows by way of the check valve 294 into the
capillary element 266, in which it is decompressed and
expanded, whereafter it flows intn the outsirle heat
exchanger 202. 'I'hen, the refngerant is evapnrated in the
outside heat exchan er 202 and then is fed back into the
compressor 201 by way of thc four-way valve 213 and thc
accumulator 212.

Upon dehumiihfymg operauon, the four-way valve 213 is
changed over similarly lo the posnion inthcated bv the solid
line in FIG. 35, and the solenoid valve 298 opens its
refrigerant pipe. (:onsequently, refrigerant discharged from
the compressor 201 flmvs into the condenser 203, in which
it is condcnscrl and liquefied. Thc rcfrigcrant liquchcd in thc
contlcnscr 203 is then divided into a flow v hich flows into
the outside heal exchanger 202 by way of the capillary 266
and another flow which flows into the evaporator 207 by
way of the solenoitl valve 298 and the capillary lube 211.
Thus, the refrigerant is evaporated in the outside heat
exchanger 202 and the evaporator 207. The thus evaporated
refrigerant is collcctcd into thc accumulator 212 again and is
then fcd (sack into thc compressor 201. In this manner, upon
ilehumidifying operation, rein erant flows in parallel
through Ihe outside heat exchanger ZU2 aml the evaporator
2U7, aml control of the dehumidifying capac«y then is
achieved hy controlling the blower 251 to vary the heat
exchanging capacity of the outside heat exchanger 202

FIG. 36 shou s a yct further automotive air conditioner
accordin to thc prcscnt invention. Thc prcscnt automotive
air condinoner is a modilicauon to the automouve ur
comhlioner shown in FIG. 35 in that it addiuonally inclmles
a refrigerant pipe which interconnects, upon dehumidifying
operation, the downstream of the outside heat exchanger 202
anil the evaporator 207 and further includes a solenoid valve
299 and another solenoid valve 289 for controllin flows of
refrigerant. Operations upon cooling operation and heating
operation are similar lo those of the refrigeranng cycle
ilescmbed hereinabove with relerence to FIG. 35. Upon
ilehumidifying operation, lhe solenoid valve 299 is opened
while the solenoid valve 289 is closed, and in this instance,
refrigerant is evaporated in both of the outside heat
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exchanger 20Z and the evaporator 207 similarly as in the
refngerating cycle shown in FIG. 35. However, in case,
upon dehumidifying operation, the solenoid valve 298 is
closed aml also thc soknoirl valve 299 is closed whik thc
solenoid valve 289 is opened, refrigerant flows in semes
through the outside heat exchanger 202 and the evaporator
207. In particular, in this condiuon, refngerant dischar ed
from the compressor ZU1 flows by way of the four-way valve
213 into thc condcnscr 203, in v hich it is condcnscd. The
thus condcnscd rcfrigcrant flows by way of thc check valve

lc284 into the capillary element 266, in which it is decom-
pressed and expanded, whereafter it is evaporated in the
outside heat exchanger 202. After then, the refngerant flows
by way of the solenoid valve 289 into the evaporator 207, in
which it is cvaporatcd similarly. Then, thc thus cvaporatcrl
refrigerant is fcd back into thc compressor 201 a ain by way'-'f

the accumulator 212 In this manner, the cycle shown m
IrlG 36 can be changed over, upon dehumidifying
operation, between a condinon wherem refri erant con-
densed by the conrienser ZU3 is admiued m parallel into both
of thc evaporator 207 anil thc outside heat cxchangcr 202 zc

and another comhtion wherein the outside heat exchan er
202 and the evaporator 207 are disposed in series so that
refrigerant is evaporated in both of them

I'IG 37 shoivs a yet further automotive air conditioner
accordin to the present inventinn In the present automotive
air conditioner, thc evaporator 207 and thc outside heat
exchanger 202 arc also disposed in series upon dehumidi-
fying operahon, but the order in arrangement of them is
reverse to that in the automonve air condiuoner shown in
Irl(h 36 In particular, while, in the refrigerating cycle shown
in I'l(h 36, the outside heat exchanger 202 and the evapo-
rator 207 are connected in series upon dehumidifying opera-
tion such that the outside hest exchanger 202 may be
positioned on thc upstream sirlc, in thc rcfrigcrating cycle
shown in FIG. 37, the evaporator 2U7 anti the outside heat zs
exchanger ZUZ are mnnected such that the evaporator 207
may be positioned on the upstream side of the outside heat
exchanger 202.

Subsequently, the refrigerating cycle shown in I I(i 37
will bc dcscribcd First, upon cooling operation, thc four- sc
way valve 213 is changed over to a position indicated by a
broken lme in FIG. 37, and the solenoid valve 288 closes its
refngerant passage while the solenoid valve 298 opens its
refrigerant passage. Accordingly, refrigerant dtschar ed
from the compressor 201 tinws Iiy way of the four-way valve
213 into the outside heat exchanger 202, in ivhich it is
condcnscd. Thc thus liqucficrl rcfrigcrant flows through the
check valve 213 anil thc solenoid valve 298 into thc capillary
tube 211, and it is decompressed and expanded when it
passes the capillary tube 211. Then, the refngerant is evapo- c

rated in the evaporator 207 and then flows into the accu-
mulator 212 by way of the four-way valve 213, whereafter
it is fed back into the compressnr 201

On thc other hanrl, upon heating operation, thc four-way
valve 213 is changed over to another position indicated by s
a solid line in FIG. 37, and the solenoid valve 288 is opened
while the solenoid valve 298 is closed. Accordingly, in this
comhtion, refrigerant discharged Irom the compressor 201
floivs into the condenser 203 by way of the four-way valve
213 'I'hen, the refngerant condenserl in the conrlenser 203
flows into thc capillary clcmcnt 266 by way of thc solcnoirl
valve 288 and is dccomprcsscd and cxpandcd when it passes
the capillary element 266. Aller then, the refri erant is
evaporateri in the outside heat exchanger ZU2, and then the
thus evaporated refri erant flows into the accumulator 212 as

by way of the four-ivay valve 213, whereafter it is fed hack
to the compressor 201 again

Further, upon dehumidifying operation, the lour-way
valve 213 is changed over to the positinn inrlicated by the
solid line in I'IG 37 and the solenoid valve 298 is opened
while the solenoid valve 288 is closed Accordingly, refrig-
erant dischargcrl from thc compressor 201 flows through thc
four-way valve 213 into thc condenser 203, in which it is
comiensed and liquefied. After then, the refrigerant flows
through the solenoid valve 298 into the capillary tube 211
anti is decompressed and expanded when it passes the
capillary tube 211 After then, the refrigerant tloivs into the
evaporator 207, in ivhich it is evaporated. After then, the
refrigerant flows through thc check valve 286 into thc
outside heat exchanger 202, in which it is further cvapo-
rateri. Then, the refngerant is Ied back into the compressor
2UI by wav of the four-way valve 213 and the accumulator
212. Accordingly, upon such dehumidifying, operation,
refrigerant is evaporated in both of the evaporator 207 and
the outside heat exchanger 202, and besides the evaporator
207 is located on thc upstream side of thc outside heat
exchanger 202.

Here, it is suitably selected in accordance with the
necessity, when the outside heat exchanger 2U2 anil the
evaporator 207 are disposed in series upon dehumidifying
operation, which one of them is located on the upstream
side Ilowever, in a cycle which includes the accumulator
212, thcrc is no significant diifcrcncc in function whichcvcr
onc of them is disposed on thc upstream side. In particular,
since the outside heat exchan er 202 and the evaporator 207
iio not present difierent evaporaung pressures while the
temperatures of air admitted into them are difl'erent from
each other, the evaporating capacity of the evapnrator 207 is
equal whether it is located on the upstream side or on the
rlownstrcam side.

FIG. 38 shows a yct further automatic air conditioner
according to the present invenuon. In, the present automo-
uve air conditioner, the evaporator 207 includes a damper
159 having a variable capacity. Upon cooling operauon and
upnn dehumidifying operation, the damper 159 opens the
duct 100 so that air may be admitted intn the evaporator 207,
but upon heating operation, thc damper 159 is closed so that
air may not be admitted into thc evaporator 207. Mcanwhilc,
a flow of refingerant to the conrienser 203 is changed over by
the three-way valve Z13 ami the solenoid valve such that
refrigerant may be condensed, upon heating operauon and
upnn dehumidifying operation, in the condenser 203, but
refrigerant may floiv, upon coolmg operation, directly to the
outside heat exchanger 202 bypassing thc condenser 203.

FIG. 39 shows a yct further automatic air conditioner
according to the present invention. While a flow of. refrig-
erant is changed over, in the au tomsbc air conditioner shown
in FIG. 38, between the comienser 203 side and the other
side bypassing the condenser 203, in the automatic air
conditioner shown in I I(i 39, the capacity of the condenser
203 is changed over by means of thc damper 154. In
particular, upon dehumidifying operation and upon heating,
the damper 154 opens the duct 10U so that air may be
admitted into the conrienser 203, but upon cooling operation,
the iiamper 154 is closeil so that air may not be admiued mto
the condenser 203 I lowever, even during conling operation,
when the damper 154 operates as an air mixing damper for
varying thc blown out air tcmperaturc, thc damper 154 opens
its passage in rcsponsc to a necessary blown out a air
temperature so that part of air may be re-heated.

FIG. 40 shows a yet further automanc air comhuoner
according to the present invenuon. The present automatic ur
conditioner includes, similarly to the autnmatic air condi-
tioner described hereinabove ivith reference to I'IG 13, the
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dampers 154 and 159 lor both of lhe condenser 203 and the
evaporator 207, respectively Ilowever, the present auto-
matic air conditioner is different in circuit of the refrigerat-
ing cycle from the automatic air conrlitioner shown in I'IG
13. A fiow of rcfrigcrant is controlled in thc rcfrigcratin
cycle by chantpng over of thc solenoid valves 260 and 261.
Upon heaung operanon, the solenoid valve 260 is opened
while the solenoidal valve 261 is closed. Consequently, refng-
e rant discharged from the compressnr 201 flows through the
condenser 203 and the solenoirl valve 260 into the outside ill

heat exchan er 202, in which it is evaporated It is to be
noted that, in this instance, Ihc condcnscr 203 docs not
perform a condensing action in principle as thc damper 154
m helot closed. Then, lhe relngerant condensed in lhe outside
heal exchanger 202 is decompressed and expanded when il is
passes the capillary tube 211, anti consequently, the refng-
e rant in a low temperature, low pressure condition fiows into
the evaporator 207. In this conditinn, the damper 159 holds
the duct 100 in a closed condition, and conscqucntly, air
from thc blower 132 flows into thc evaporator 207 to zo

evaporate the refngerant. The thus evaporated refrigerant is
then fed back into the compressor 201 by way of the
accumulator 212

On the other hand, upon heating operation, the solenoid
valve 260 is closed while the solenoid valve 261 is opened
In this condition, rcfrigcrant discharged from Ihc compres-
sor 201 flows into thc condenser 203, in which it is con-
densed. In particular, in this condiuon, lhe damper 154 is
opened so that air may be admilted into the comlenser 203.
After then, the refrigerant is decompressed and expanded
when it passes the capillary element 266, and is then
evaporated in the outside heat exchanger 202 The thus
evaporated rcfrigcrant is fcd hack into thc compressor 201
by way of thc solenoid valve 261 and thc evaporator 207. In
this coniiition, the evaporator 2U7 is closed by the damper ss
159, and consequently, refngeranl is liule evaporated in the
evaporator Z07.

Subsequently, upon dehumidifying operation, the sole-
noid valve 260 is opened while the solenoid valve 261 is
closed. Accordingly, rcfrigcranl discharged from thc corn- so
pressor 201 floivs into thc condenser 203, in which it is
comlensed. The refngerant then llows through the solenoid
valve 260 into the outside heal exchan er 202, also whmh
accomphshes a comlensing function to condense the refng-
erant After then, the refrigerant is decompressed and
expanded ivhen it passes the capillary tube 211, and is then
evaporated in thc evaporator 207. Then, thc rcfrigcrant thus
evaporated in thc evaporator 207 is fcd hack lo thc com-
pressor ZUI by way of the accumulator 212. In Ibis
comhtion, Ihe evaporaung capacity of the evaporator 207 o

and Ihe condensing capacity of the condenser 203 are
variably controlled by adjusting the circuits of the dampers
159 and 154, respectively. I'urther, in order to control the
condensing capacity of thc condcnscr 203, thc condcnsin
capacity control of thc outside heat cxchangcr 202 by s
control of lhe amount of air of lhe lan 151 lor the outside
heal exchanger 202 or Ihe like may be employed addiuon-
ally similarly as in lhe case of Ihe aulomouve air condiuoner
shoivn in I'IG 21.

As described so far, with the automotive air conditioner of ao

the prcscnt invention, thc operation can bc changed over
amon cooling operation, heating operation and dehumidi-
fying operahon by controlling Ihe routes of llows of refng-
erant through the compressor 201, lhe outsule heat
exchanger 20Z, the comlenser 2U3, Ihe evaporator 207 aml os

the decompressing or expanrling means 211 lurther,
accordin to the present invention, further advantageous air

comhlioning operation descnbed below can be achieved by
suitably controlling changing over particularly between a

dehumidifying operation cnndition and a heating operation
condition.

In case fo in of thc windshield of thc automobile is
forecast or detcctcd in a heating operation condition, thc
comhlion of. the windshield can be prevented well by
changing over lhe liow of refngeranl into thai ol a dehu-
midifying operation condition Particularly upon dehumidi-
fymg operation, since the drop in temperature nf blown out
air at the evaporator 207 is greater than the rise at the
condcnscr 203 as dcscribcd above, dchumidification having
somewhat heating effcct can bc achicvcd. Accordingly, cvcn
if the operation is changed over Irom a heating operation
comhlion lo a humidifying operauon condiuon, the tem-
perature of blown out air ivill not be lowered remarkably,
anti consequently, good heating can be achieved

Meanwhile, in a humidifying operation conrlition, since
the evaporator 207 performs an evaporating action, particu-
larly when thc tcmpcraturc of air suckcrl into thc evaporator
2U7 is low as in winter, there is the possibility that the
evaporator 2U7 may be frozen. Thus, in such a case, other-
wise pnssible freezing of the evaporator 207 can be pre-
vented well by changing over the operation from the olehu-

midifying operation to a heating operation
FIG. 41 shows a floe chart when thc operation is changed

over from a hcatin operation condition to a dehumidifying
operation condition. The present tlow charl is used lo control
changing over of Ihe solenoid valves of lhe refngerating
cycle described hereinabove After operation is started at
step 440, it is judged at step 441 whether or not the air
conditioner switch 305 is on or off'n case the air condi-
tioner switch 305 is on, it is then judged at step 442 whcthcr
or not thc rcfrigcrating cycle is in an operation condition
wherein il blows out only a weak wind or in an air comh-
uoning operation condition wherein the compressor 201 is
operating. If an air comhtioning operanon condinon
judged at step 442, judgment of a cnoling operation
condition, a dehumidifying operation or a heating operation
condition is pcrformcd at step 443

As described hcreinabovc, in any of thc rcfrigcrating
cycles, in a cooling operation comhlion, relngeranl dis-
charged from the compressor 2U1 is comlensed in lhe outsnle
heat exchanger 20Z, and then decompressed and expanded,
whereafter it is supplied into the evaporator 207. 'I'hen, the
refrigerant takes heat of vaporization away from air in the
evaporator 207 to cool the air. On thc other hand, in a heating
operation condition, rcfrigcrant discharged from thc com-
pressor 2UI flows into the condenser 2U3, in which it
radiates heat of comlensalion into air to heal the air. After
then, the refngeranl is decompressed anil expanded, and
then it is evaporated in the outside heat exchanger 202 and
feel hack into the compressor 201 agam Upon dehumidify-
ing operation, thc manner of usc of thc outside heat
exchanger 202 is dift'crcnt among thc dift'eront rcfrigcrating
cycles, bul the condenser Z03 performs a condensing func-
uon lo raduite heal of condensauon into air lo heal the air.
Further, the evaporator Z07 performs an evaporaung action
to cool air by heat of vaporization to condense mnisture from
within the air 'I'hen, the outside heat exchanger 202 acts as
an evaporator or a condcnsn dcpcnding upon a circuit of thc
refrigerating cycle. Further, as dcscribcrl already, a flow of
refrigerant llowing lo lhe outside heat exchanger 202 may
liow in senes to Ihe condenser 203 or in parallel lo the
comlenser 2U3. In particular, in a lirst condiuon, relngerant
discharged from the compressor 201 first fiows into the
condenser 203 and then into the outside heat exchanger 202
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so that it may under o a condensing action by both of
condenser 203 and the outside heat exchanger 202, where-
after it tlows into the evaporator 207 hy way of the capillary
tube 211 Gn the other hand, in a second oui«dition, refng-
crant dischargcrl from thc compressor 201 is supplied in
parallel into both of thc conrlcnscr 203 and thc outsirlc heat
exchanger Z02, and then the reingerant conilensed in both of
the conilenser 2II3 and the outside heat exchanger 2U2 is
supplied into the evaporator 207 hy way of the capillary lube
211. lc

I'urther, also wren the outside heat exchanger 202 acts as
an evaporator upon dehumidifying operation, similarly two
cases arc available including a first case whcrcin rcfngcrant
flov,s in senes anil a second case wherein refri erant flows
in paralleL In parucular, in Ihe first case, refn erant con- is
densed in the condenser 203 flows, after passing the capil-
lary tube 212, in series through the nutsirle heat exchanger
202 and the evaporator 207 such that an evaporating action
is achicvcd by both of thc outside heat cxchangcr 202 anti
the evaporator 207, whcrcaftcr thc refrigerant is sucked into zc

the compressor ZU1. Parucularly in this instance, either the
evaporator 2(17 may be located on the upstream s«le of the
outside heat exchanger 202 or the outside heat exchanger
202 may be located on the upstream side of the evaporator
207

Meamvhilc, in thc scconrl case, liquid rcfrigcrant con-
densed in thc condcnscr 203 is supplied, after passin the
capillary tube 211, in parallel to both of the outs«de heal
exchanger 20Z aiul the evaporator 207.

In the present floiv chart of I IG 41, it is judged, at step
444, in accordance with a changed over conrlitinn nf the
insideroutside air changing over damper 131 whether a
heating operation or a dehumidifying operation should be
performed in a heating operation condition. Then, in case an
outside air admitung condition is detected al step 444, the ss
healing operation condition is maintained. This is because,
normally in an ou(side air introducing conilition, ventilation
of the mom of the automobile is performed and the wind-
shield is not likely fogged

In case it is judgcrl at step 444 that thc insirlc/outside air sc
chan~o'n over rlampcr 131 is in an inside air admittin
coiuhtion, it is fudged subsequently at step 445 whether or
nol a cancelhng switch is on or oif.

The cancelling switch is provided, though not shown, on
the control panel for preventing, hy manual operation
thereof, operation of the automatic air conrlitinner from
automatically changing over from a heating operation con-
dition to dehumidifying operation. Howcvcr, in case thc
cancellmg switch is on, even if it is lorecast at step 444 that
the winrlshield may be fogged, heaung opera«on will still be o

continued.
Only ivhen the cancelling switch is not on, dehumidifying

operation is performed in case fngging of the windshield is
forecast at step 444. Prcfi:ralily, thc dehumidifying operation
herc is dehumidifying operation having some hcatin effect. s
This is achieved by lowering, in the refrigeraung cycle in
which the ou(side heat exchanger acts as a coiulenser, the
heal exchanging function of the outs«le heat exchanger. It is
to he noted that such dehumirlifying operation having some
heating effect will he hereinafter described ac

It is to bc notcrl that, while, in the flow chart of FIG 41,
a fogged condition of thc windshield is judged in accorrlance
with a changing over condiuon of the in«tile,'outs«le chang-
ing over damper 131, changing over may otherwise be
performed m accordance wuh a blowmg out mode or an ss
outside air condition as seen from the flow chart shown m
Irl(L 42.

In particular, even if an ou(side air admiuing comhuon is
detected at step 444, if it is judged at step 446 that air flows
to the def spit hole 146, then it is determined that the
passenger requires dehumidihcation, anil consequently, the
operation is chan ed over to thc dehumidifying operation
side. It is to be noted that judgment of a mode at step 444
and judgment ol changing over between spit holes at step
446 are diflerent from each other as described subsequently
In particular, the judgment of a mode at step 444 is made
pnncipally based on a necessary blown out air temperature
Tan while changing over of a mode at step 446 is performed
by sclcction of thc passcngcr.

At step 447, it is judged whcthcr or not the tcmpcraturc of
outside air is equal to or higher than O'. Here, in case it
is judged that Ihe ou(side air temperature is lower than O'.
heating nperation is selecterl because, otherwise if rlehu-
midifying operation is performed, then there is the possibil-
ity that the evaporator 207 may be frozen Then, when the
outside air tcmpcraturc is equal to or higher than 0'i and
there is no possibility that thc evaporator 207 may bc frozen,
ilehumidifying operauon is selected.

The DEF mode al step 446 men«oned above denotes a
condition ivherein air flnws to the def spit hole 146 and
includes not only a case ivherein the entire amount of air
flows to the def spit hnle 146 hut also another case wherein
air flows to both of thc dcf spit hole 146 and thc foot spit
hole 145.

FIG. 43 shows another flow chart of changin ~ over
between healing operauon anil dehumidifying operation. In
the flnw chart of I'IG 43, fogging nf the winrlshield is
jurlged at step 440. 'I'he judgment is perfnnned using a
dewing sensor not shnwn I'he deiving sensor identifies from
a tempcraturc of a glass portion and a humidity of air
whcthcr or not thc surface of thc glass is lower than a llew
pinnl of moisture in Ihe air in order lo forec«sl occurrence of
Rigging. Then, m case occurrence of logging is not detected
or forecast at step 448, the automotive air condiuoner enters
heating operation

In case occurrence of fogging is forecast at step 44II, a
tcmpcraturc of outside air is dctcctcd at step 447, and if thc
outside air tempcraturc is equal to or higher than 0','., then
ilehumidifying operanon having some heating effect is
selected. In this instance, the insideioutside air changing
over damper is put mto an inside air admiuing cond«ion in
order to achieve a high heating efficiency while the damper
141 is opened so that warm air may advance from the def
spit hole 146 toward the windshickl.

In case a temperature of outsirlc air equal to or hi hcr than
O' is detected at step 447, heaung operauon is selected in
order lo prevent freezing of Ihe evaporator 207. However,
since this comb«on is a conihuon wherein io'ging of. the
windshield is forecast, the inside/outside air changing over
damper 131 is put into the nutside air admitting cnnrfition
Further, the damper 141 opens thc rlcf passage 146 so that
air warmed by heating operation may bc blown out from thc
ilef spit hole 146 toward the windshield.

In case it is fudged at step 447 that the outsiile ur
temperature is equal lo or higher than O'. dehumidifying
operation having some heatmg efl'ect is performed In this
instance, the inside outside air changing over damper 131 is
changed over to thc inside air arlmitting condition in order
to loivcr thc heating load. Further, thc rlcf spit hole 146 is
opened so that logging of Ihe wiiulshiekl may be prevented
well.

FIG. 44 is a flow chart fllustranng a further control for the
prevention of fogging of the ivmdshielrl ln the present flnw
chart, detection of occurrence of fogging, is executed in
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accordance with the posinon of the ins«le/outside air chang-
ing over damper 131 (step 444) Then, in case an inside ahr

admitting condition is judged at step 444, since this is a
condition wherein fogging of the windshield is forecast, an
actual situation of thc windshield is judged at step 448.
Then, in case it is rlctcctcd that thc windshield is acrually
fogged or is entenng into a fogged cond&non, dehumidifyin ~

operation having some heating effect hs selected. On the
contrary if fogging of the windshield is not detected at step
448, even if an inside air admitting condition is judged at

step 444, heating operation will be continued
FIG. 45 shows a flow chart of another example of

controlling changing over bctwccn dchumirlifyin operation
having some heating el(eel and heating opera«on. In the
present example, a changed over position of the inside& is
outside air changmg over rlamper 131 is judged at step 444
and the chan ing over is controlled in accordance with the
judgment similarly as in the flow chart described here&n-
abovc. Howcvcr, even when an inside air admittin conCh-
tion is dctcctcd at step 444, v hcn thc canccllin sivitch is in zo

an on-state, heanng opera«on is conunued (step 445) simi-
larly as in the flow chart shown in FIG. 42. Further, in the
floiv chart shown in I'IG 45, a step 449 is added so that an
elapsed time after the inside/outside changing over damper
131 has been changed over to the inside air admitting
condition may bc judged. This is bccausc, cvcn if the
inside&outside air changing over damper 131 is changcrl over
to the inside air admitnng condition, this will not immeih-
aiely resuh in loggin ~ of the wimlshield. Thus, in case it is
judged at step 449 that the inside air arhnitting condition has
continued for a predetermined period of time, for example,
for 1 to 3 minutes or so, dehumidifying operation having
some heating cflcct is cntcrccl.

On the other hand, in case it is dctcctcd at step 449 that
the inside air admitnng condition has continueil but for a zs
penod of. hme shorter than the predetermined penoil of time,
for example, I to 3 minutes, heaung operation wrll be
continued This is because, depenrling upon a driving con-
dition of the automobile, the automotive air conditioner is
somctimcs used in such a manner that thc admitting time of ao

inside air comes to an cnrl after a comparatively short pcriocl
of time such that the inside air r«lmitung comhtion may be
en&ere&1 aml connnued only while the automobrle rs dnving,
for example, in a tunnel.

It is to be noted that, while, in the flow chart shown m
lrl(h 45, dehumidifying operation having some heating
cfl'cct is pcrformcd if clchumidification is ncccssary when
heating operation is sclcctcd at step 443, altcrnativcly dchu-
mihhfym ~ operation having some heating efl'ect and heahn ~

operation may be performed alternatelv as seen from FIG. o

46. In this ms&ance, such alternate operation may be per-
formed at intervals of 5 to 10 minutes or so (zmsequently,
even upon dehumidifying operation, heating of the room of
the automobile can bc pcrformcd well.

A floe. chart of control wherein, when dchumiclifyin s
operation is selected at step 443, the operation is chan ed
over to heahng operanon is shown in FIG. 47.

This is because, since the evaporator ZU7 operates, in a

dehumidifying operation condition, so that cool air is nor-
mafly admitted into the evaporator 207 from outside the
automobile as dcscribcrl above, there is thc possibility that
the evaporator 207 may bc frozen. If thc evaporator 207 is
frozen, then the vennlanon resistance is increased and the
heat exchanging efflciency is detenorahed.

Therefore, in the flow chart of FIG. 47, a frozen comic&on os

of the evaporator 207 is judged at step 450 'I'he judgment at

step 450 determi nes a frozen con&I it ion of the evaporator 207

when the detecnon temperature signal from hhe temperature
sensor for detecting a temperature of the surface of the
evaporator 207 is lower than 0''nd the temperature of air
having passed the evaporator 207 is lowered to 0' or so

If a frozen comlition of the evaporator 207 is not dctcr-
mincd at step 450, dchumiC&fying operation is pcrformcd.
However, when a frozen condinon of the evaporator 207 is
&le&ected at step 450, the control sequence advances to step
451 At step 451, it is judged whether or not the room
temperature is equal to or higher than a preset temperature
Then, if a condition hvherein the room temperature is equal
to or higher than thc preset tcmpcraturc is dctcrmincd at step
451, thon this is a condition whcrcin no heating is rcquircd
R&r the room of. the automobile. Accorrhngly, in this instance,
the operation is not changed over to heaung operation.
I lowever, since a frozen conrlition of the evaporator 207 has
been determined at step 450, the discharging, capacity of the
evaporator 201 is lohvered in order to cancel the frozen
conclition. Conscqucntly, the evaporating capacity of thc
evaporator 207 is lowcrcd so that at least frcczing at thc
evaporator 207 may not proceed any more.

If a comb«on wherein the room temperature is lower than
the preset temperature is determined at step 451, then since
heating operation &vill not cause the passenger to have a
disagreeable feeling in this conrhtion, the operation is
changed over to heating operation.

It is to bc noted that it is naturally possible to climinatc thc
step 451 in the control flow chart of FIG. 45, In other words,
the operation may be changed over to heaun ~ operation if
freezing at the evaporator 207 is detected at step 450

gubsequently, control when a frosted condition of the
outside heat exchanger 202 is detected in a heating operation
conclition and thc operation is changed over to dehumidify-
ing operation will bc dcscribcd. Rcfcrring to thc flow chart
of FIG. 48, when a heatmg mode is selected ah step 443, a
lrh&«ted condition of the ou(st&le heat exchanger 202
&le&ected at subsequent step 452.

I'his is because, since the outside heat exchanger 202
operates as an evaporator in a heating operation conrlition as
clcscribcd hercinabovc, thcrc is thc possibility that frost may
appear on thc surface of thc outside heat cxchangcr 202
when the temperature of of. outside air is low. The tudgment
at step 452 is performed in the following conditions. First,
it is ludged whether or not the heaung opera«on nme m a

condition wherein the temperature of the outsirle heat
exchanger 202 is le&ver then — 3' has continued for more
than one hour, and then it is judged whcthcr or not thc
tcmpcraturc of thc outside heat cxchangcr 202 is lower by12'. or more than the temperature of outs«le air When the
temperature of the outside heat exchanger 2U2 is not lower
than —3'., this indicates that the temperature of hhe surface
of the outside heat exchanger 202 hs not so lo&v as will lead
to frosting, and ivhen the temperature of the outside heat
exchanger 202 is not lower by 12'. or morc than thc
tcmpcraturc of outside air, this indicates that a sufflcicnt
evaporating function is assured with the oui««le heat
exchanger 2UZ. In other words, if frost appears on the
surface ol the, outside heat exchanger 2U2, then passage of
heat hs obstructed, and as a result, the evaporating action of
the outside heat exchanger 202 is deteriorate&I 'I'herefore,
the evaporating prcssure of rcfrigcrant is clccrcascd in order
to maintain thc function of thc rcfrigcrating cycle. Then,
refrigerant having such a decreased evaporaun ~ pressure
exhibits further decrease ol the evaporaung temperature, and
as a result, the temperature of the outside heat exchanger 202
becomes lower by 12'. or more than the temperature of
outside air supplied to the outside heat exchanger 202



6,044,653
40

Further, lhe reason why it is ludged whether or not the
refrigerant supplying time to the outside heat exchanger 202
has elapsed for more than one hour is that normally it is a
phenomenon which appears after continuous operation for
morc than onc hour that frost appears on thc outside heat
exchanger 202 to such a rlcgrcc that it has a significant effcct
on lhe heating performance of lhe outside heat exchanger
202.

A condition of the outside heat exchanger 202 is detected
in this manner at step 452, and if no frost is determmed, then
heating operation is continued On the contrary if a frosted
condition is dctcrmincd at step 452, then a display of such
frosting is provided at step 452. Thc passcngcr can fin(I the
necessity of delrosung from the frosung display. FIG. 52
shows an example of an operauon panel which includes an is
I.BI) 315 for displaying a frosted condition The operation
panel further includes a defrosting switch 314 for starting
defrosting, and if the defrosting switch 314 is switched on,
then this is detcctcd at step 453. In rcsponsc to such
detection, thc operation of thc automotive air conditioner is zo

changed over to dehumithlying operanon. It is to be noted
that the dehumidilying operauon in this ms(ance is a refwg-
e rating cycle wherein the outside heat exchanger 202 acts as
a condenser In other wnrrls, even in dehumidifying
operation, a cycle ivherein the nutsirle heat exchanger 202
acts as an evaporator is cxccptcd in thc prcscnt control.

It is to bc noted that, with thc operation panel shown in
FIG. 52, not only operauon of the aulomouve air comliuon
bul also operation of lhe blower 132 are stopped simulta-
neously by means of a stop switch 307 When only the
blower 132 is to operate, a bloiver switch 316 will be
switched on ('hanging over of the capacity of the blower
132 upon air blasting is pcrformcd by way of thc sivitch 301.

In order to facilitate dcfrosting, thc compressor 201 has a
great capacity. Further, the inside/outside air chan nn ~ over zs
damper 131 is changed over lo an inside air mode posiuon
so that the heating capacity may nol be tleterairated when
dehumidifying operation is entered I'urther, the auxiliary
heaters 700 and 701 are renrlererl nperative if necessary
Besides, thc blowing air amount of thc blower 132 is ao

decrcascd to prcvcnt a rlrop of thc blown out air tcmpcraturc.
In addition, the blower 251 for the outside heat exchanger
202 is slopped.

As a result, high pressure relngerant dischar ed from the
compressor 201 is supplierl into the outside heat exchanger
202 so that frost adhering clnsely tn the surface of the
outside heat cxchangcr 202 can bc mcltcd by heat of the
refrigerant.

It is to be noted thai, while, in the flow chart shown in
FIG. 48, dehumidifying operanon is performerl when o

defrosling is required, allernauvely dehumidiTying operation
having some heating effect and heating operation may be
performed alternately as seen from the tlow chart shown m
FIG. 49. In particular, as scen at step 454 of FIG. 49,
dehumidifying operation and healing operation may be s
performed alternately in such a manner that dehumidifyin ~

operation is performed for a predetermined penod of time,
for example, for I lo 5 minutes or so after heaung operation
has been performed for another predetermined period of
time, for example, for 30 minutes to one hour

It is to bc noted that, in this instance, thc conrhtion
whcthcr or not thc function of thc outside heat cxchan cr
202 as an evaporator has conunued lor more than one hour
ts eliminated from the conthuons for delecuon of frosung al

step 452. In other words, presence or absence of frost is os

judged depending upon whether nr not the temperature of
the outside heat exchanger 202 is lnwer by more than the

predetermined temperature than lhe lemperauire of. outsitle
air and whether or not the temperature of the outside heat
exchanger 202 is lower than —3''lere, the temperature
difference between the temperature of the outside heat
exchanger 202 and thc tcmpcraturc of outside air is not sct
to IZ', or morc as at step 452 of thc flow chart shown in
FIG. 48 bul sel to g'. or more at step 452 of lhe flow chart
shown in FIG. 49. This is because il is intended to precau-
tionarily detect possible or forecast frost on the outside heat
exchanger 202 before the outside heat exchanger 202 is
completely frosted.

Further, in thc present flow chart, in rlchumidifying opera-
tion having some heating cffcct at step 454, thc inside/
outside mr changin ~ over damper 131 need not completely
be changed over lo its inside air rulmitung position bul may
be set to another position at which bnth of inside air and
outside air can be admitted

gubsequently, dehumidifying operation having some
heating effcct dcscribcd in thc control above ivill bc
rlescfilicrl.

In dehumidifying operation, air is lira cooled in the
evaporator 2U7 and then heated in lhe condenser 203, but
since heat is used for sensible heat for conrlensing moisture
in air in the evaporator 207 as described hereinabove, the
temperature of the air is not lowered very much, and as a
result, thc tempcraturc or air having passed both of thc
evaporator 207 and thc condcnscr 203 rises. Further, since
ilehumidifying operauon mvolves at least three heat
exchangers including the condenser ZU3, the evaporator 207
anil the outside heat exchanger 202, the refrigerant condens-
ing pressure, that is, the condensing temperature, of the
condenser 203 can be variably controllerl by variably con-
trolling thc heat exchanging capacity of thc outside heat
exchanger 202. For cxamphh when both of the condcnscr
2U3 and the outside heal exchan er ZU2 perform a conilens-
ing schon in such a refrigeraung cycle as shown in FIG. 21,
the condensing capacity as a refngeraling cycle can be
varied liy controllin the blower 251 for the outside heat
exchanger 202. When the blower 251 operates to blast a
great amount of air, thc condensing capacity is incrcascd,
and as a result, thc condensing prcssure of rcfrigcrant is
lowered. This signilies a drop of the comlensing temperature
of refiugerant and will cause a drop of the temperature of the
comlenser 2U3.

On the contrary when the blower 251 stops its operation,
the heat exchanging capacity of the outside heat exchanger
202 is lowered, and as a result, thc condensing capacity of
the rcfrigcrating cycle is loivcrcd. Conscqucntly, lhc con-
ilensing pressure of refrigerant is increased and the conilens-
ing temperature of refnge rant in the condenser 203 is raised.
This will raise the temperature of the comlenser 2U3, thereby
achieving dehumidifyin operation having snme heating
effect

Various means for varymg thc condensing capacity of thc
outside air conditioner may bc avaflabfc in addition to such
conlrol of lhe blower Z51 as descnbed above.

For example, in a refrigeraung cycle which employs a

ilamper such as the refngeraun ~ cycle shown in FIG. 14
which employs the damper 253, the circuit of the damper
253 may be controlled so as to regulate the amount of air to
bc admitted into thc outside heat cxchangcr 202 thcrcby to
vary thc heat exchanging capacity of thc outside heat
exchanger 2UZ. Further, where the outside heat exchanger
2UZ ts thvided into a plurally of ouoside heal exchan ers, the
heat exchanging capacity may be controlled by controlling
the effective heat exchanging area of the outside heat
exchanger 202 I urther, if necessary, coolant such as water
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ts flowed into the outside heat exchanger, and the amount of
the coolant may be controlled to control the heat exchan nn ~

capacity of thc outsirlc heat cxchangcr 202.
Further, in an apparatus v hcrcin air to bc admitted into the

outside heat exchanger 202 is chang ed over between outside
air and air in the room of the automobile, the temperature of
air to be admitted into the ouoside heat exchanger ZUZ may
be vaneil to control the heat exchanging capacity of the
outside heat cxchangcr 202.

Further, in such an apparatus as shown in FIG. 33 whcrcin
lo

refrigerant discharged, upon dehumidifying operation, from
the compressor 201 is supplied in parallel to both of the
comlenser ZU3 and the outside heat exchanger 20Z, the flow
rate of. refrigerant to be supplied to the heat exchanger 202
may bc varied by opcningiclosing control of thc valve 294.
In particular, when thc valve 294 is in an open conrlition, '-'efrigerantflows to both of the outside heat exchanger 202
and the condenser 203 so that a sufficient condensing action
ts performed by the two heat exchangers ZUZ and ZU3 On
the contrary when the valve 294 is closed, a condensing
action is pcrformcd only in thc condcnscr 203, and zo

consequently, the condensing capacity is low.
The capacity controLs of the outside heat exchanger 202

described above may be used not nnly for dehumidifying
operation having some heating effect but also for control of
the an entire refrigerating cycle I'or example, when the
pressure of the high prcssure side rcfrigcrant rises abnor-
mafly during dehumidifying operation, thc capacity of the
outside heat exchanger 202 may be vaned in order to protect
the refn crating cycle.

I'IG 50 shnws a flow chart nf operation for contrnllmg the
blower 251 for the outside heat exchanger 202 for the object
described just above Where flenn R22 is employed as
refrigerant, when thc high prcssure side rcfrigcrant pressure
becomes higher than 24.5 kg'cm G, thc blower 251 is
rotated at a high speed On the contrary when the high ss
pressure side relngerant temperature becomes lower than
22.5 k Zcm G, the blower 251 is stopped. In an intermediate
region betiveen them, the blower 251 is rotated at a low
speed ivith some predetermined hysteresis

FIG. 51 shows a control flow chart when capacity control ao

of thc outside heat cxchangcr 202 is cxccutcd in order to
achieve both of protecnon of the rehngerann ~ cycle aml
achievement of agreeabdity in operation, upon dehumithfy-
ing operation, a pressure on the high pressure sale of the
refrigerating cycle is compared with a preset value at step
460 If the high pressure side pressure is higher than the
preset value, for cxamplc, 245 kg cmaG, then thc capacity
of the blower 251 for thc outside heat cxchangcr 202 is
increased at step 461. Consequently, the comlensing capac-
ity is enhanced anil a nse in pressure to a hi h pressure in o

the refn crating cycle is prevented.
In case it is determined that the high pressure side

pressure is nnt higher than the preset value, a room tem-
perature is compared with a prcsct tcmpcraturc subscqucntly
at step 462. ss

In case the room temperature is higher by 1'. or more
than the preset temperature, it is determinml that the heatin ~

capacity is not required very much any more, and the
amount of air of the blower 251 is increased to increase the
condensing capacity On the cnntrary, when the ronm tem-
perature is lower by I', or morc than thc prcsct
tcmpcraturc, it is dctcrmincrl that an incrcasc of thc hcatin
capacity is required, and the amount of. air to be blasted from
the blower Z51 is decreased Consequently, the condensin ~

capacity of the outside heat exchanger ZU2 is tlecreased as
thereby tn increase the condensing, pressure and the con-
densing temperature of the condenser 203

If the room temperature is within 1'. ol the preset
temperature, ihe current condiuon of the blower 251
maintained after then.

FIG. 53 shou s a yct further automotive air conditioner
according to the present invention In the present autnmotive
air conditioner, three heaters 203 are arranged in series at
three stages in the direction of a flow of air in the duct IUU.
A temperature, sensing tube 2U4 is disposeil at a relngerant
pipe on the upstream side of thc subcoolcr 203c ivhich is
positioned on the most upstream side in thc direction of a
tlow of air among the heaters 203, and the expansion valve
206 variably controls the refngerating passage so that refrig-
erant may present a predetermined temperature at the
entrance of. the subcooler ZU3c.

In thc present automotive air conrlitioncr, thc expansion
valve 206 controls thc refrigerant passage so that rcfrigcrant
having passed the cnndenser 2031z has a suliconling degree
of 2 to 3' When the temperature of air which passes the
heaters 2U3 ts low or when the tlow rate of air is high,
refrigerant is bable to be conrlensed in the heaters 203 and
refrigerant having passed thc conrlcnscr 2036 may possibly
have a sulhcient subcoohng degree. In this instance, a drop
of the temperature of refngerant is detected by the tempera-
ture sensing tube 204 and fed hack to the expansion valve
206, and consequently, the expansion valve 206 varies the
refrigerating passage in an expanding direction As a result,
the prcssure of refrigerant on thc bcatcrs 203 side is dropped,
and thc subcooling dcgrcc of rcfrigcrant upon passage of thc
comlenser 2U36 is decreased.

On the contrary when the flow rate of air to be admiued
into the heaters 203 is low or the like, sufficient rarliation of
heat cannot be performed ivith the condensers 203rt and
2036. As a result, even after refrigerant passes the conrlenser
203b, a sutflcicnt subcooling dcgrcc of rcfrigcrant cannot bc
achicvcd. In this condition, the tcmpcraturc of rcfrigcrant at
the heat sensing tube ZU4 rises, and a signal thereof is fed
bacl to the expansion valve 206. Consequently, the expan-
sum valve 2U6 varies the refri eraung passage in a narrow-
ing direction. As a result, the pressure of refrigerant in the
heaters 203 on the downstream side of the expansion valve
206 is raised, and rcfrigcrant bccomcs lialilc to be con-
rlcnscd. In other words, it bccomcs liable to achieve sub-
cooling with an equal flow rate of air

In this manner, the subcooling degree of refri erant at the
location of. the temperature sensing tube 204 can be, main-
tained to a predetermined value by variably controlling the
passage nf refrigerant by means of the expansion valve 206
in rcsponsc to thc tcmpcrature sensing tube 204.

Since, in thc prcscnt automotive air conditioner, rcfrigcr-
ant at the location of. the temperature sensing tube 204 has
the subcoohng degree of 2 to 3' as described above, the
subcooler 203c located on the downstream side of the
temperature sensing tube 204 in a flow of refrigerant can
prnvide a subcoolin degree of refrigerant with certainty.

In particular, since thc subcoolcr 203c admits on thc
cntrancc side thereof rcfrigcrant ivhich already has a prcdc-
termined (2 to 3'd subcooling degree, relngerant after
pasiung the subcooler ZU3c has a higher subcooling degree.
While the width of the subcooling degree is not lixed
depending upon the temperature and/or the flow rate of air
admitted into the subcooler 203c, the subcnoling, degree can
bc increased with certainty.

To incrcasc the subcooling dcgrcc Leads to an incrcasc of
the enthalpy of refngerant on the heat radiauon s«le and
hence to enhancement of the operation efflciencv of the
refrigerating cycle.

Particularly in the present automotive air conditioner,
since the subcooler 203c isdisposed on the downstream side
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of Ihe location of the temperature «en«in ~ tube ZU4,
improvement in operation efliciency of the refrigerating
cycle can be achieved with certainty by subcooling hy the
suhcooler 203c. Particularly where the subcooier 203c is
used togcthcr with thc air mixing damper 154 as in an
automotive air conditioner, thc flow rate of air floiving into
the healers ZU3 side vanes Io a great extent in response to the
opening of the air mixing damper 154. Further, the tempera-
ture of air flowing into the heaters 203 is different to a great
extent between that ivhen refrigerant flows through the
evaporator 207 anil that when refrigerant tlows along the
bypass passagcivay 230 bypassing thc evaporator 207.

In this manner, in an automotive air conditioner, since the
flov, rale and the temperature of air flowing mto the heaters
203 vary to a great extent, in order to «enure a subcoohng is
degree in any nperating condition, preferably the subcooler
203c is disposed on the downstream side of the temperature
sensing tube 204 as in the present autnmotive air cond&-

tioncr.
Further, in thc automotive air conditioner of FIG 53, a zn

shutter 255 for hmiung admission of air is provided for-
wardly of Ihe outside heat exchanger 202. The shutter 255
corresponds to the function of the damper 253 in the
automotive air conditioner shnwn in l1G. 14, and the
occupying area can be reduced by provision of the shutter
255 shou n in FIG 53 in place of thc damper 253 Further,
the automotive air conrlitioncr shown in FIG. 53 includes,
similarly to Ihe automotive air co&«i«ioner shown in FIG 18,
a fan Z51 for electncally controlling air to be ailmitted into
the outside heat exchanger 202 ic

The shutter 255 described above is particularly etfective
upon defrosting operation of the refrigerating cycle. The
defrosting opcrabon is operation whcrcin rcfrigcrant in a
hi h tcmpcraturc, high prcssure condition is admit&cd, when
frost on Ihe outside heat exchanger 2U2 &s detected dunn ~ zs
healing operahon, into the outside heat exchanger ZUZ to
raise the temperature of the outside heat exchanger 202 to
meit the frost froven on the outside heat exchanger 202
Since defrosting operation is perfnrmed during heating
operation whcrcin thc tcmpcraturc of ouksidc air is low in an

this manner, if a large amount of outside air is admitted into
the outs&tie heat exchanger during deirosung operation, then
much time is required for such defrosting aiul defrostin ~

may sometimes be impossible. Parucularly with an automo-
tive heat exchanger, since the outside heat exchanger 202 is
disposed at a position at which it likely meets with a dnving
wind of thc vchiclc, it will have a signihcant influcncc upon
defrosting operation that thc outside heat cxchangcr 202 is
cooled by a drivin ~ wind during running of. Ihe automobile.

Thus, with Ihe present automotive air conihtioner, upon n

defrosting operation, the shuuer 255 is closed to prevent a

driving ivind from being admitted into the outside heat
exchanger 202, and also operation of the fan 251 for the
outside heat cxchangcr 202 is stopped.

Subscqucntly, a controlling method for thc rcfrigcratin s
cvcle shown in FIG. 53 will be desci&bed. I udgment whether
the refn crating cycle should operate m healing opera«on,
dehumidilying heating operation, dehumidifying opera«on,
cooling operation or defrosting, operation for the outside heat
exchanger is made m accordance with a flow of operations
similar to that of thc control shown in FIG. 48. Thc four-way
valve 213, solcnoirl valve 231 and shutter 255 arc opened
and close&i in the inrhvidual modes in such a manner as seen
from FIG. 54.

It is to be noted that the four-way valve 213 &s chan ed as
over, similarly as in the automotive air conditioners
described hereinabove, between a position (cooler

comb&ion) in which refrigerant discharge&1 from the com-
pressor 201 flows tn the outside heat exchanger 202 side and
returning refrigerant from the evaporator 207 side is sucked
into the cnmpressor 201 and another position (heater
conrlition) in which rcfrigcrant discharged from thc com-
pressor 201 flows to thc hcatcrs 203 sirlc and returning
refrigerant &s sucked from the outside heat exchanger 202
into Ihe compressor 201.

Meanwhile, the snlenoid valve 231 opens or closes the
bypass passageivay 230 for flowing refngerant bypassifig
the evaporator 207 therethrnugh Accordingly, when the
solenoid valve 231 is open, rcfrigcrant flows through thc
bypass passageway 230 anil docs not substantially flow to
the evaporator ZU7 side. On the contrary, when the solenoid
valve 231 is in a closed coiulihon, reingerant flows to the
evaporator 207 side.

As seen from the control illustrated in I'IG 54, upon
heating nperation and upon dehumidifying heating
operation, the four-way valve 213 is changed over to thc
hcatcr condition, in which rcfrigcrant in a high temperature,
high pressure condition is supp bed lo the heaters 2(kk On the
other hand, upon dehumidilying operauon, upon cooling
operation and upnn defrostmg operation, the four-way valve
213 is changed nver to the cooler condition wherein refrig-
erant in a high temperature, high pressure cnnrlition is
supplied to thc outside heat cxchangcr 202.

Thc solenoid valve 231 is opcncd only upon heating
operation but is closed in any other mode. In particular, only
upon heating operation, refri erant tlows bypassing the
evaporator 207 As a result, upon heating operation, the
evaporator 207 does nnt function, and air flowing, in the duct
100 is not cooled by the evaporator 207 at all In any other
operation conrlition, rcfrigcrant is supple&I into the evapo-
rator 207 after passing thc capillary tube 211, and thc
evaporator 207 lunctions as a cooler ior air.

The shu«er 255 is closed only upon defrosting of the
outside heat exchanger ZU2 as descnbed above but is open
in any other operation condition

In a heating condition A and a dehumirlifying heating
conrlition S of FIG. 54, such control as illustrated in FIG. 55
is cxccutcd. In particular, rcfcrring to FIG. 55, in a heating
operation cond&non, Ihe fan 251 ior the outside heat
exchanger 2UZ is rotated at its maximum speed at step 470.
Consequenfly, when the heat pump is operated, absorption
of heat from outside air is maximized

In particular, upon heating operation, refrigerant dis-
charged frnm the compressor 201 flows through thc four-
way valve 213 into thc heaters 203, in which it is condcnscd
and hquelied, whereafter it flows through the expansion
valve 206 and the bypass passe away 230 into the outs«le
heat exchanger ZU3. Thus, Ihe outside heat exchanger 202
acts as an evaporator tn evaporate the refrigerant, and after
then, the refrigerant is fed hack to the compressnr 201 by
way of the four-way valve 203. Accorrlingly, since, upon
heating operation, refrigerant is cvaporatcd in Ihc outside
heat exchanger 202 Io absorb heat from outs«le air, also the
outside heal exchanger ZUI to maximize Ihe amount of heat
to be absorbed is rotated at ins maximum speed.

I'he speed of rotation of the compressor 201 is determined
frnm a result of comparison between an aimed bloivn out air
tcmpcraturc TAO ar«l a blown out air tcmpcraturc TA. Thc
blown out air tcmpcraturc TA is dctcrmincd in accordance
with a signal from the blown out air temperature sensor 323.
The blown out air temperature sensor 323 is ihsposed at a

potation at which, a warm wind having passed the heaters
203 and a cool wind having bypassed the heaters 203 are
mixed with each other When the aimerl blown out air
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temperature is higher than the actual blown out air
temperature, Ihrs comliuon is determined at slap 471, aml the
frequency of the invcrtor is incrcascd at smp 472. On thc
contrary when thc actual blown out air tcmpcraturc TA is
higher than the aimed blown nut air temperature TAO, the
frequency of the invertor is decreased at step 473

The air mixing damper 154 is posiuoned at step 474 such
that Lhe entire amount of air is not flown lo the heaters 203
side in order to prcvcnt a cool wind from being blown out
into thc room of thc automobile upon heating operation and

lo
also upon dehumidifying heating operation described below

Subsequently, control of dehumirlifying heating operation
B of. FIG. 54 will be descnbed.

In dehumidifyin ~ heaung operation, the solenoid valve
231 is closed so that rcfrigcrant flows to thc evaporator 207
side. In particular, in this condition, the hcatcr 204 acts as a '-'ondenserwhile both of the evapnrator 207 and the outside
heat exchanger 202 operate as evaporators

It is ludgeil al step 475 whether or not lhe temperature of
air having passed the evaporator 207 is equal ui or lower
than 3'. It is to bc noted that thc air tcmpcraturc is jul cd zo

in accorrlance with a signal from a temperature sensor 361
disposed on the downstream side of. Lhe evaporator 2tl7.
When the air temperature is higher than 3', the heat
exchanging capacity of the outside heat exchanger 202 is
lowered and the fan 251 for the outside heat exchanger 202
is stopped in order to lower thc evaporating prcssurcs in the
evaporator 207 anil thc outside heat cxchan cr 202 at step
276.

In any other conrhuon, Ihe speed of rotauon of the fan 251
for the outside heat exchanger 202 is controlled in accor-
dance ivith a result of comparison between the aimed blown
out air temperature and the actual blown out air temperature
In case the aimed blown out air tcmpcraturc is higher than
the actual blown out air tcmpcraturc TA, this condnion is
detected at slap 477, and the speed of rotation of the fan 251 ss
for the outsiile heat exchanger 202 is raised al step 478.
Consequently, the amount of heat lo be absorbed rn the
outside heat exchanger 202 is increased to raise the blown
out air temperature On the contrary, when the actual blown
out air tempcraturc TAis higher than thc aimcrl blown out air ao

tcmpcraturc TAO, thc spccd of rotation of thc fan 251 is
lowered so as to lower Lhe amount of heat lo be absorbed in
the outside heat exchanger 2U2.

While rotation of the lan 251 lor lhe outside heal
exchanger 202 is controlled m response to the aimed blown
out air temperature I'AO in this manner, when the rotation is
in an intcrmcdiate region or is advancin from a maximum
or minimum region to thc intcrmcdiatc re ion, this conrhtion
ts detected at step 480, and the air mixing damper 154 is
opened Lo LLs maximum opening al slap 474. In any other o

comhtion, Lhe control sequence advances to step 471 to
control rotation of the mvertnr for the compressor 201

In particular, in the control illustrated in I'IG. 55, control
of thc capacity of thc rcfrigcrating cycle upon dchunndify-
in heating is first cxccutcd by thc fan 251 for thc outside s
heal exchanger 202, and only sfler roiauon of the lan 251 for
the outside heat exchanger 202 becomes equal to rts maxi-
mum or mimmum, mntroi of Ihe discharging capacity of the
compressor 201 by the invertor is executed

Subsequently, dehumidifying, operation (I shoivn in I'IG
54 will bc dcscribcd.

In such dehumidifying operation, thc four-way valve 213
ts changed over so that the outside heat exchan er ZU2 aml
the heaters 203 act as condensers and evaporation of refug-
eranl is performed in Ihe evaporator 207. os

Also upon dehumidifying operation, it is judged at step
475 whether or not the temperature of outside air is equal to

or lower than 3''., anil in case the ouLside air temperature
is equal to or lower than 3', the fan 251 lor the outsnle
heat cxchangcr 202 is stopped at step 476 Further, in this
instance, thc circuit of thc air mixing damper 154 is changed
over at step 481 to a condition wherein the entire amount of
air flnws to the heaters 203 side

Temperature control of the relngeraung cycle when the
outside air temperature is higher than 3'. is perlormed lirst
by thc air mixing damper 154 and then by thc fan 251 for thc
outside heat cxchangcr 251 and finally by capacity control of
the compressor 281 'I'he capacity controls of the outside
heat exchanger and the compressor are similar to those in a
ilehumidifying heatmg operauon comlition descubed here-
inabove.

In thc control by thc air mixing damper 154, bcforc it is
dctccted at step 482 whcthcr or not thc air mixing damper
154 is at its maximum heating position, the aimed blown out
air temperature 'I'AO and the actual blown out air tempera-
ture TA are comparerl with each other at slap 483 anil then
the opening of the air mixing damper 154 is regulated al step
484 or 485.

Subsequently, cooling operauon D in FIG. 54 will be
ilescubed with reference lo FIG. 57.

Upon cooling operation, refrigerant first flows into the
outside heat exchanger 202 and is then decompressed and
expanded in the expansion valve 206 after passing the
hcatcrs 203, whcrcaftcr it flows into thc evaporator 207. Thc
refrigerant is thus cvaporatcd in thc evaporator 207 and then
returns to the compressor 2U7 by way of lhe accumulator
212 Upon such heaung operauon, since air is noi heaied by
the heaters 203, the air nixing damper 154 is displaced at
step 486 to a position at ivhich it closes the heaters 203
Meanwhile, since the outside heat exchanger 202 operates as
a condenser, rotation of thc fan 251 for thc outside heat
exchanger 202 is raised to its maximum in order to maxi-
mize the heal radiaung capacity of the comlenser 202 al step
487. In this condition, control of the cooling capacity is
performed by varying the discharging capacity of lhe com-
pressor 201 at steps 471 and 272 or 473

Subsequently, defrosting operation B in I'IG 54 will be
dcscrilicd with rcfcrcnce to FIG. 58.

In dcfrosting operation, a flow of rcfrigcrant is basically
similar lo thai in coolmg operation, and refngeranl in a high
temperature, high pressure condiuon flows into the outsnle
heal exchanger 202. However, in order lo quicken
defrosting, the shutter 255 is closed as described herein-
above I'urther, since this conrhtion is basically a condition
whcrcin heating is required, thc air mixing damper 154 is
lhsplaccd at step 488 to a position at which Ihc entire amount
of mr flows to Ihe healers 2U3 side. Further, the fan 251 for
the outside heal exchanger 202 is slopped or kept inopera-
uve at step 489 so that a cool winrl may nol come to the
outside heat exchanger 202. I'urther, in order tn complete
defrosting in a short interval of time. I'ine invertor is
controlled to maximize thc discharging capacity of thc
compressor 201 at step 490.

Operaung condiuons of the lour-way valve 213, the
solenoid valve 231, the shuuer 255, the air mixm ~ damper
154, the fan 251 for the outside heal exchanger 2U2 anil the
invertor for controlling the discharging amount of the com-
pressor 201 in the various operation conditions described
above are listed up in thc table shown in FIG. 59.

Further, directions of flows of rcfrigcrant in Ihc heating
operation condition, the dehumidilying healing operation
comhlion, the heating operauon comhtion and Ihe defrosting
operation conilition described above are shown in FIGS. 6tl
to 63, respectively A flow of refrigerant is indicated liy a
thick line in each of I'l(IS. 60 to 63
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In the heating operauon conthuon shown in FIG 60, the
healers ZU3 operate as comlensers and a subcooler. the
outside heat cxchangcr 202 operates as an evaporator: and
the evaporator 207 disposcrl in thc duct 100 does not
operate This is intended to prevent conling of air in the duct
100 upon heating by keeping the evaporator 207 inoperative

However, when the heanng load w parucularly high such
as upon warming up immediately after starung oi. healing,
the rcfrigcrating cycle is sct similarly as in dchumidifyin
heating operation shown in FIG. 61 such that rcfngcrant

lo
floivs also to the evaporator 207 so that the evaporator 207
may operate as a heat sink.

This noses from Ihe facts thai, since the temperature of air
sucked is low when the heaung load is high m this manner,
a drop of thc tcmpcraturc of air by thc evaporator 207 docs
not matter very much, that absorption of heat at the evapo- '-'ator

207 is cancelled by a vanation of visible heat of air and
the temperature of air itself dnes not drop very much, and
that, since absorption of heat in lhe entire refri crating cycle
ts performed in both of the evaporator 207 and the outside
heat cxchangcr 202, thc amount of absorbed heat is zo

incrcascd and as a result thc amount of heal radiation from
the heaters 203 is mcreased.

In particular, while heat of air sucked into the evaporator
207 is absorbed in the evaporator 2U7, heat absorption then
ts performed lirsl by conriensauon of water m air, aml
conscqucntly, thc tcmpcraturc of the air is not loivcred very
much cvcn after it passes thc evaporator 207. Rather, a wse
of the amount of heat radiation of the heaters 203 acts
etfectively upon a rise of the temperature In particular, the
amount Of. heat radiauon of Ihe heaters ZU3 results imme-

io
dialely m a nse of Ihe temperature of air passmg the heaters
203, and there is no variation in latent heat.

Besides, since absorption of heat is performed in both of
the evaporator 207 and the nutsirle heat exchanger 202, the
amount of heat absorption Is increased and as a result, the
evaporahng pressure of refrigerant is raised. As the evapo-
rahn ~ pressure rises, Ihe specific volume of refngeranl
sucked into the compressor 201 is rlccrcased, and
conscqucntly, thc flow rate by v eight of recirculating refrig-
erant by the compressor is increased In this manner, also the
amount of heat of rcfrigcrant supplied to thc hcatcrs 203 is ao

incrcascd and thc amount of heat radiation by thc hcatcrs
203 is mcreased.

However, since the operanon condition requires hi her
power for the compressor 201, such a flow of refrigerant as
shoivn in I'IG 60 is taken in nomial heating operation as
described hereinabove

FIG. 64 shows an cxamplc of a controlling operation
panel for thc cycle of thc automotive air conditioner shown
in FIG. 53. Since the automonve a conditioner shown in
FIG. 53 has a dehumidiiying heating operation mode as o

described hereinabove, a swilch for dehumiihfymg heatin ~

is additionally provided comparing with the panel shown m
lrl(k 52.

A yet further automotive air conditioner accordin lo the
present invention will bc rlcscribcd with rcfcrcncc to FIG. s
65. The aulomouve air conditioner shown in FIG. 65 elimi-
nates the evaporaung pressure regulaung valve Z08 com-
paring with Ihe automotive air comluioner shown in FIG. 53.

Prior to description of control nf the automotive air
conditioner shoivn in I'IG 65, a function of the evaporating
pressure regulating valve 208 will bc dcscribcd first with
refcrencc to FIG. 53 Thc evaporating prcssure rcgulatin
valve Z08 is proviried to prevent irosling on the surface of
the evaporator 207 when, parucularly upon dehumidifyin ~

healing operation, both oi the evaporator 207 and the outside ss
heat exchanger 202 serve as heat sinks to effect evaporation
of refrigerant

In parucular, since there Ls the possibilily that frost may
adhere to the surface of the evaporator 207 when the
evaporating pressure of refrigerant in the evaporator 207 is
excessively lowered until the refrigerant evaporation tem-
perature iiecomes loivcr Man thc freezing point, thc prcssure
of refri orant at the exit of thc evaporator 207 is kept higher
than a predelermmerl value by means of lhe evaporating
pressure regulating valve ZU8 in order lo prevent such
pnssible frosting

In the automotive air conditioner shown in Irl(h 65, the
function of the evaporating pressure regulating valve 208 is
achicvcd by opening/closing movcmcnt of Lhc bypass pas-
sageway 230. In particular, also in thc prcscnt automotive air
comhlioner, both of the evaporator 2U7 and the outside heat
exchanger 202 operate, upon dehumidiiying heahng
operation, as heat sinks to effect evapnration of refrigerant
similarly as in the automotive air conditioner described
hereinabove with reference to 11(h 53 In this instance,
when thc pressure of refrigerant in thc evaporator 207 is
loivcrcd bcloiv a pri,dctcrmincd value, this condition is
ilelected by means of a temperature sensor 329 disposed on
a refrigerant pipe on Lhe exit side of the evaporator 207 and
the solenoid valve 231 is opened Since the communication
resistance to refrigerant is lower in the bypass passageway
230 than in the evaporator 207, when I'he solennid valve 231
is opcncd, rcfrigcrant flows to thc bypass passageway 230
while admission thcrcof into thc evaporator 207 side is
limiled. Due to the limit in supply amount of refrigerant,
evaporation of refngeranl does noL occur in lhe evaporator
207, and as a result, the cooling capacity of the evaporator
207 is decreased remarkably In the meantime, since the
temperature of air admitted into the evaporatnr 207 is equal
to a room tcmpcrature, if operation is continued in thc
condition ivhcrcin thc cooling capacity is dccrcascd
remarkably, then frost appeanng on Ihe surface of. the
evaporator 207 will be melted.

In this manner, the evaporauon temperature ol reingerant
in the evaporator 207 can be restricted within a predeter-
mined width by controlhng opening/closing movement of
the solenoid valve 231 in response to a tcmpcraturc of
refrigerant on thc exit side of thc evaporator 207 in this
manner, and as a result, a iuncuon similar to that of. the
evaporating pressure regulating valve described heremabove
can be achieved.

A yet further automotive air conditioner accnrrling to the
present invention ivifl be described with reference to I'IG
66. While in thc automotive air conditioner shown in FIG.
53, thc bypass passageway Is provided sidcwardly of thc
heaters 203 and, upon coolin, the air mixing damper 154
closes Ihe healers Z03 so that air may flow along Ihe bypass
passageway, Ihe heaters ZU3 in the automotive air comh-
tioner shown in I'l(k 66 is rhsposed over the entire area in
the duct 100

Then, upon cooling a bypass passageway 234 is opcncd so
that refrigerant may not flow to thc hcatcrs 203. Thc bypass
passageway 234 is provnled to communicate a reingerant
pipe on the entrance stele and another refrigerant pipe on the
exit rude of. Ihe, heaters 203 with each other, and a solenoid
valve 232 for opening or closing the bypass passageway 234
is disposed intermediately of the bypass passageivay 234

Accordin ly, upon cooling operation, thc solenoid valve
232 is opened to open thc bypass passageway 234.
Simultaneously, another solenoid valve 233 provided m the
entrance side refngeranl pipe is closed so that reingerant
may nol flow to the healers 203.

Accordingly, upon coolmg, refrigerant is not supplied to
the heaters 203, and refrigerant accumulated in the heaters
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203 will have a high subcooling degree. Since the expansion
valve 206 is controlled so that refrigerant on the entrance
side of the subcooler 203c may have a predetermined
sulicooling degree as descrdied hereinaliove, in a condition
whcrcin rcfrigcrant is not supplied any morc and has a
predctcrmincd subcooling rlcgrcc in this manner, such signal
ts inputted to the expansion valve 2U6 and consequently, the
expansion valve 206 is opened unnl its opening area pre-
sents its maximum in order to maximize the tlow rate of
retrigerant Accordingly, suitable cooling operation cannot lc
be performed in this conrlition However, in the present
automotive air conditioner, since thc capillary tube 211 is
providcrl in scrics to thc expansion valve 206, rcfrigcrant is
decompressed anil expanded suitably by the capillary tube
211 even in such a cond«ion as descnbed just above is

Subsequently, a yet further automotive air conditioner
accordin to the present inventinn will be descnbed with
reference to I'IG 67 'I'he automotive air conditioner shown
in FIG. 67 employs a rcccivcr 205 similarly to thc automo-
tive air conditioner shown in FIG. 3. In thc prcscnt auto- zo

mouve air comhtioner, however, the receiver 205 is disposed
between the exit side of the condenser 2036 aml the entrance
side of the subcooler 203c nf the heaters 203.

Since the receiver 205 has a gasiliquid interface and only
delivers liquid refrigerant, liquid refrigerant is supplied with
certainty to thc subcootcr 203c. Gonscqucntly, thc subcoolcr
203c can provide a subcooling dcgrcc of rcfri crant with
certallltv.

As descnbed hereinabove, when the air conilruoner is
used as an automotive air conrlitioner, the variation m ic
amount of air admitted into the heaters 203 when the air
mixing damper 154 is openerl anil closerl and the variation
in tcmpcraturc of air when thc evaporator 207 opcratcs anil
docs not operate arc great, but whcrc thc subcoolcr 203c is
disposed on the downstream of the receiver ZU5 as in the ss
present automotive air conditioner, a sulhcient subcoohn ~

degree can be obtained with certainty in any opera«on
condition.

I'urther, in the present automotive air conditioner, the
expansion valve 206 varies thc throttling amount of the ao

refrigerant pipe so that a prcdctcrmincd dryncss may be
obtained for relngerant on the suclnng side of the compres-
sor 201.

In particular, since the temperature sensing tube for the
expansion valve 206 is dispnsed between the four-valve 214
and the compressor 201, to whichever position the four-way
valve 214 is changed over, a tcmpcraturc of suction refrig-
erant returning to thc compressor 201 can always bc
detected.

It is to be noted that, in the automonve air condiuoner o

shown m FIG 67, the auxiliary heater 7UO is disposed on the
doivnstream side of the heaters 203 in a flow of air in order
to complement the heating capacity upon heating or upon
dehumidifying heating.

A yet further automotive air conditioner accordin to the s
present invention will be described subsequently with ref-
erence to FIG. 68. The automohve air condiuoner shown in
FIG. 68 solves a disiulvantage when an evaporating pressure
regulating valve of the fully closed type is employed as the
evaporating pressure regulating, valve 208. ec

When thc evaporating prcssure rcgulatin valve 208 is of
the fully closed type, if cold air Uows into thc evaporator 207
as upon, for example, starting at a low temperature, the
temperature of refngerant on the ex«side of the evaporator
207 is lowered below a predetermined value and conse- as
quently the evaporating pressure regulating valve 208 will
close the refrigerant pipe If the refrigerant pipe is closed m

this manner refngerant will not return to the compressor
201, and consequently, such a disadvantage as seizure of the
compressor 201 may take place

I'herefore, in an operation condition wherein the evapo-
ration prcssure regulating valve 208 closes the refrigerant
passa c in this manner, thc solenoid valve 231 is opcncd
temporarily so that refrigerant may liow to the downstream
side of the evaporatm ~ pressure regulanng valve 2U8 by way
of the liypass passageway 230 bypassing, the evaporating
pressure regulating valve 208. While, in this condition, the
evaporator 207 does not function temporarily, if air to be
sucked into the duct 100 is changed over to inside air and thc
tcmpcraturc of air passing thc duct 100 wscs, then also thc
temperature ol refri erant in the evaporator 207 nses, and
consequently, the evaporaung pressure regulating valve 208
will npen the refrigerant passage Accordingly, after then,
the bypass passageivay 230 can be closed to Uow refrigerant
to the evaporator 207 side.

Accordin ly, in thc present automotive air conditioner,
the bypass passageway 230 is only required to bypass thc
evaporating pressure regulanng valve 2U8 and need not
necessamlv bypass the evaporator 207.

I urther, if the evaporatmg pressure regulating valve 208
is of the type which can pass a predetermined amount of
refrigerant even ivhen it assumes its minimum thrnttling
conrlition, the bypass passageway 230 need not necessarily
bc provided.

Subsequently, a yet turther automanc air comb«oner
according to ihe present invenuon will be described with
reference to I'l(i 69 The automotive air conditioner shown
in I'IG. 69 can achieve defrosting of the outside heat
exchanger 202 during heating operation and during tlehu-
mirlifyin hcatin operation without considerable deteriora-
tion of thc dehumidifying heating function. To this cnd, in
the automatic air conditioner shown in FIG. 69, the three-
way valves 275, Z76 and 277 are changeil over to change
over a sequence of. a liow of refngerant.

In particular, in any of heating operation anil dehumidi-
fymg heating operation in ivhich defrosting is invnlved,
refrigerant in a high tcmpcraturc, high prcssure condition is
supplied from thc compressor 201 into thc hcatcr 203, which
thus operates as a heat radiator. Further, refngerant in a low
temperature, low pressure condiuon is supplied to both of
the evaporator 207 and the outside heat exchan er ZU2,
which both operate thus as heat sinks

Ilowever, in heating operation and in dehumidifying
heating operation in which dcfrosting is involved, rcfrigcr-
ant tloivs in di0hrent orders through thc evaporator 207 and
the outside heat exchanger ZUZ. Upon dehum«hfying heat-
ing operation, refngerant comlensed by the heater 203 llows,
after passing the expamhng means ZU6, Iirst into the evapo-
rator 207 and then into the outside heat exchanger 202

I'his is intended, because it is normally forecast that the
tcmpcraturc of outside air is low upon rlchumidifying heat-
ing operation, to assure operation of thc automotive air
comhtioner even m such condiuon. In par«euler, when the
outside air temperature is, for example, lower than O'., the
evaporating temperature of refngerant is lower than the
freezing point and lower than the outside air temperature so
that refrigerant may be evaporated m the outside heat
exchanger 202 in such outside air temperature condition.
Herc, if thc evaporator 207 is disposed on thc downstream
side ol the out«i&le heat exchanger 202 in a liow of
refrigerant, then the evaporaung temperature of relngerant
in the evaporator ZU7 will be lower than the evaporating
temperature of refrigerant in the outside heat exchanger 202
anil lower than the freezing point ('nnsequently, frosting



51
6,044,655

52
tales place on the surface of Ihe evaporator 207 and the
ventilation resistance in the rluct 100 is increased. As a
result, gond dehumidifying heating operation cannot be
achieved

On thc other hanrl, if thc evaporator 207 is disposed on the
upstream side of thc outsirlc heat cxchan cr 202 in a flow of
refngeranl, then Ihe evaporanng temperature of refngeranl
in the evaporator 207 can be made higher than the evapo-
rating temperature of refngerant in the outside heat
exchanger 202. ('onsequently, the refrigerant temperature of
refrigerant in the evaporatnr 207 can always be held to a
predctcrmincd tempcraturc of 2 to 3'.

In this instance, frosting of thc outside heat cxchangcr 202
seems to matter. However, since &he disadvantage by frost-
ing is more serious with the evaporator 2U7 than with the is
outside heat exchanger 202, the evaporator 207 is dispnsed
on the upstream side in a flow of refrigerant upon normal
dehumidifying heating operation

Then, in case frosting of thc outside heat cxchangcr 202
becomes particularly sigmficant in such operation conrlition, zn

the flow of refngerant is changed over so that refngeranl
having passed the heater 2(13 lirst flows into the outs&&le heal
exchanger 202 (:onsequently, refrigerant in a high
temperature, high pressure cnnrlition is supplied into the
outside heat exchanger 202 to raise the temperature of the
surface of thc outside heat cxchangcr 202. As a result, frost
appearing on thc surface of thc outside heat cxchan cr 202
&s melleif. In this operanon condition, operanon of the fan
251 for Ihe outside heat exchanger ZU2 is su&pped in order
to accelerate defrosting Then, the refrigerant having passed
the outside heat exchanger 202 is decompressed and
expanded in the capillary tube 211 and then flows into the
evaporator 207. Further, as rlcscribcd hcrcinabovc, prefer-
ably an inside air morlc is cntcrcd to set lhc amount of a win(I
of Ihe inside blower to the Lo post«on. 33

FIGS. 7U lo 73 show flows of: refngerant in the automanc
air cor«hlioner shown in FICi. 69. In particular, FIG 7U

shnivs a heating operation condition and lqG. 71 shows a
cooling operation condition I'urther, I'l(L 72 shows a dehu-
midifying heating operation condition, and FIG. 73 shows a an

condition whcrcin dcfrosting of thc outside heat cxchangcr
202 is performed. In all of: FIGS. 7U and 73, only a prpe in
which refrigerant flows is indicated with a thief lme.

Subsequently, a vel further automotive air condinoner
accordin to the present inventinn will be descnbed with
reference to l&IG 74. The refrigerating cycle shown in I'IG
74 is an accumulator cycle which additionally includes,
comparing with thc cycle shown in FIG. 21, a passa cway
297 bypassing the capillary tube 211 ar«l a solenoid valve
294 for opening or closing the passageway 294. n

Refrigerant flow passage chan un ~ over means changes
over flowing rlirections of refrigerant upon cooling
operation, upon heatmg operation, upon dehumidifying
operation, anti upon dcfrosting operation during dehumidi-
fying operation (hcrcinaftcr rcfcrrcd to as dcfrostin 3

operation). Similarly as in the automonve air condinoner
described hereinabove, the refngerant fiow passage chang-
ing over means includes a four-way valve 213 for chan nn ~

over the dischargmg direction nf the refrigerant compressor
201 bet&veen that upon cooling, operatinn and that upon any
other operation, a tirst soknoid opening/closing valve 201
for bypassing, upon heating operation, thc first decompress-
ing apparatus 211 anil the evapora&or 207 on the upstream
side, a second solenoid openin,&closing valve 260 for
bypassing, upon dehumidifying operanon, the seconrl es
decompressing apparatus 266, anil a third solennid opening/
clnsing valve 298 for bypassing, upnn defrosting operation,

the fiist decompressmg apparatus 211. Apair of check valves
262 and 265 for cnntrnlling flowing directions of refrigerant
are also provided

I'he flow passage changing over means changes over a
flow of refrigerant in the following manner upon cooling
operation, upon heating operation, upon dehumidifying
operation and upon defrosling operation.

Upon cooling operation, refngerant discharged Irom the
refrigerant compressor 201 flows in the order of four-way
valve 213 outside heat exchanger 202 first decompress-
ing apparatus 211 evaporator 207 accumulatnr
212 rcfrigcrant compressor 201 (rcfcr to arrow marks (I in
FIG. 74).

Upon heanng operation, refngerant discharged Irom the
refrigerant compressor ZUI flows in the order of'our-way
valve 213 heater 203 second decompressing apparatus
266 outside heat exchanger 202 first solenoid opening/
closing valve 261 accv&mala&or 212 refrigerant cnmpres-
sor 201 (rcfcr to arrow marks H in FIG. 74).

Upon dehumidifying operation, rcfrigcranl discharged
fri&m the relngeranl compressor ZUI flows In the order of
Riur-way valve Z13 heater 2U3 second solenoid openmg,'losing

valve 260 outside heat exchanger 202 (the outside
blower 251 is inoperative then) first decompressing appa-
ratus 211 evaporator 207 accumulator 212 refrigerant
compressor 201 (rcfcr to arroiv marks D in FIG. 74).

Upon dcfrosting operation ivhcrcin dcfrosting of thc
evaporator 2U7 is performed in a dehumidifyin ~ operation
cor«hlion, refngerant discharged from the refngerant com-
pressnr 201 fin&vs in the order of four-way valve
213 heater 203 second decompressing apparatus
266 outside heat exchanger 202 (the outside blower 251 is
operative then) third soknoirl opening&closing valve
298 evaporator 207 accumulator 212 refrigerant com-
preewor 2UI (refer to arrow marks F in FIG. 74).

The controlling apparatus 3U(l includes a temperature
sensor for deleclm ~ a temperature of: a lin or a tube of the
evaporator 207 or a temperature of air having, passed the
evaporator 207 'I he temperature sensor is prnvided to detect
frost on thc evaporator 207, and when thc tcmpcraturc of thc
fin of thc evaporator 207 dctcctcrl by thc tcmpcralurc sensor
is lowered lo O'. Ihe controlling appara&us 30U forecasts
fri&sting and executes defrosnng of: the evaporator ZU7 in
order to prevent frosnng.

Subsequently, defrosting operation during, dehumidifying
operation of the automotive air conditioner shoivn in l&IG 74
will be described.

If thc temperature dctcctcrl by thc tcmpcraturc sensor
&luring dehumiilifying operation becomes lower than O'.,
then Ihe conlrollin ~ apparatus 300 closes the second sole-
niml opening/closing valve 26(l, opens the third solenoid
openuig/closing valve 298 anil renders the outside f&lower
251 nperative tn etfect defrosting operation I'hen, if the
tcmpcraturc dctcctcd by thc tcmpcraturc sensor rises higher
than I'., then thc controlling apparatus 300 opens thc
secor«l soleno«l opening&closing valve 260, closes Ihe third
solenoid opening closing valve 298 anil renders ihe outs«le
blower 251 inoperative to return the opera«on lo dehum«h-
fymg nperat ion

If rlehumidificatinn is set by means of the air conditioning
morlc setting switch 314 of thc operation panel by thc
passenger, then outside air or insirlc air sclcctcd by thc
insiile/outside air changing over means 131 is sucked mto
the duct IUU by the blower 132, passes throu h ihe evapo-
rator 207, the heater ZU3 and the auxiliary heaters 70(l and
701 and is blown out intn the room of the autnmnhile from
a spit hole set f&y the bloiving mode changing over switch
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303. The amount of a wiml then is sei bv means of the winil
amount setting switch 301.

In the refrigerating cycle upnn rlehumidifying operation,
refrigerant in a high temperature, high pressure condition
dischar cd from thc rcfrigcrant compressor 201 is intro-
duced into the heater 203 liy means of thc four-ivay valve
213. Here, the refngerant exchanges heal with air flowing in
the duct 10U Io heat Ihe air in the duct 1UU while it is
condensed and liquefied m the heater 203 'lite thus liquefied
refrigerant then flows into the nutsirle heat exchanger 202 hy
way of the second solenoirl openingiclosing valve 260. In
this instance, since thc outsirlc blower 251 is inopcrativc, the
liquefie rcfrigcrant passes through Ihc outsirle heat
exchanger ZUZ and is then decompressed and expanded into
low temperature, low pressure mist in the first ilecompress- is
ing apparatus 211 'I'he refrigerant in the fomi of mist flows
into the evaporator 207, in which it takes heat away from air
floiving in the duct 100 so that it is evaporated Then, the
thus evaporated rcfiugcrant is rc-sucked into Ihc rcfngcrant
compressor 210 by ivay of thc accumulator 212. zo

Air sucked into Ihe duct 1(IU is lowereil in temperature
when it passes the evaporator 203, and consequently, satu-
rated vapor in the air is condenserl and adheres to the
evaporator 207. After then, the air is heated when it passes
the heater 203, and consequently, the moisture in the air
decrcascs remarkably. As a result, ood dchumirlifyin
operation is pcrformcd

If. the temperature of air sucked into the duct 100 dunn ~

dehumidilying operanon becomes so low that the tempera-
ture of the evaporator 207 detected hy the temperature
sensor is lower than 0'., then the controlling apparatus 300
controls the flow passage chang,ing, over means to change
over thc rcfrigcrant flow passage of Ihc rcfri crating cycle to
that for dehumidifying operation. In short, Ihc scconrl sole-
noid openingiclosin ~ valve 26U w closed while the third 35

solenoid openingiclosing valve 290 rs opened
Consequently, refngerant condensed anil liquefied in the
heater 203 is decompressed and expanded into low
temperature, low pressure mist in the first decompressing
apparatus 266, and then flows into thc outside heat so

exchanger 202 In this instance, since thc outside blower 251
ts operating, the ouhside heat exchan er ZU2 functrons as a

refngerant evaporator together with ihe evaporator Z(I7. The
refngerant admitted into the evaporator ZU7 by way of the
outside heat exchanger 202 anil the thirrl solenoid opening/ a.

closing valve 290 exchanges heat with outside air passing
the outside heat cxchangcr 202 and also with air flowing in
the duct 100 and passing thc evaporator 207 so that it is
evaporated. The thus evaporated refngerant is then
re-sucked into the refngerant compressor ZU1 by way of the o

accumulator Z12.
The evaporating pressure is raised liy using the outside

heat exchan er 202 as a refrigerant evaporator together with
the evaporator 207. Conscqucntly, while Ihc evaporator 207
functions as a rcfrigcrant evaporator, the tcmpcraturc of the s
evaporator Z07 nses and as a result, frosnng of the evapo-
rator ZU7 can be prevented.

Then, if. the temperature of Ihe Iin ol the evaporator 207
detected hy the temperature sensor becomes higher thanI',

then the controlling apparatus 100 controls the flow
passage changing over means to open thc second solcnoirl
opening/closing valve 253 anil close thc third solcnoirl
opening/closing valve 293 to change over the refngerant
fiov, passage of: the refrigeranng cycle to that for ilehumuh-
fying operation. Further, the outside blower 251 is rendered es
inoperative, thereby performing dehumidifying operation
described hereinabove In the automotive air conditioner

shown in FIG. 74, smce the evaporator 207 in the duct lflfl
always functions, upon dehumidifying operation, as a refrig-
erant evaporator such that dehumidifying nperation is main-
tained even in defrosting operation as described
hcrcinal&ovc, thc tcmperaturc in thc room of the automobile
can nomially be kept low. Further, since rlcfrosting can bc
performed without lowering the capacity of ihe refngerant
compressor 201, no drop in blown out air temperature is
invited upon defrostin operation.

I IG 75 is a refri erant circuit diagram of a yet further
automotive air conditioner according tn the present inven-
tion. The prcscnt automotive air conrlitioncr includes a
thrcc-way valve 269 in place of thc four-way valve 213 of
the automotive air conditioner shown in FIG. 74 and adih-
uonally incluiles a fourth solenoid opening,'closing valve
260 fnr returning, upon cooling operation, refrigerant accu-
mulated in the heater 203 to the accumulator 212.

I IG 76 is a refri erant circuit diagram of a yet further
automotive air conditioner according to arc prcscnt inven-
tion. Thc prcscnt automotive air conditioner includes two
lifth and sixth solenonl openin,iclosing valves 27U and 271
in place of Ihe. three-way valve 269 of the automotive ur
conditioner shown in I I(h 75

I IG 77 is a refri erant circuit diagram of a yet further
automotive air conditioner according tn the present inven-
tion. The prcscnt automotive air conrlitioncr includes a
thrcc-way valve 272 in place of thc fifth solenoid opening
valve 270 for changing over the discharging direchon of the
refrigerant compressor 201 in the automotive air comhuoner
shown in FI(h 76 and the fourth solenoirl opening/closing
valve 268 for returnin, upon cooling operation, refrigerant
accumulated in the heater 203 to the accumulator 212.

FIG. 70 is a refrigerant circuit diagram of a yct further
automotive air conditioner according to thc prcscnt invcn-
uon. The refngeranng cycle of the present automotive ur
comhtioner is changed over in the followin ~ manner in
accordance wnh various operanon modes by flow passage
changing over means

Upon cooling operation, refrigerant dischargerl from the
refrigerant compressor 201 flows in thc order of thc four-
way valve 213 outside heat cxchangcr 202 seventh solc-
niml opening/closing valve Z96 Iirst decompressing appa-
ratus 211 evaporator ZU7 accumulator 212 refngerant
compressor 201 (refer to arrow marks C in FIG. 70).

Upon heating operation, refrigerant dischargerl from the
refrigerant compressor 201 flows in the nrrler of the four-
way valve 213 hcatcr 203 second dccomprcssin appa-
ratus 266 scvcnth solenoid opcnin closin valve
296 outside heat exchanger ZII2 four-way valve
213 accumulator 21Z refngerant compressor 201 (refer
to arrow marks H in FIG. 70).

Upon dehumidifying operation, refngerant discharged
frnm the refrigerant compressor 201 flows in the order of the
four-way valve 213 hcatcr 203 second dccomprcssing
apparatus 266 eighth solenoid opening closing valve
290 evaporator 207 accumulator 212 refngerant com-
pressor 2UI (refer to arrow marks D in FIG. 70).

Upon defrosung operation, refngerant dischar ed from
the refrigerant compressor 201 passes m the orrler nf the
four-way valve 213 heater 203 second decompressing
apparatus 266. The rcfrigcrant having passed thc second
rlccompressing apparatus 266 As divided into Iwo flows. In
one of the two flows, the refrigerant flows in ihe order of the
eighth solenoid openmg,'closin ~ valve 290 evaporator
207 accumulator ZIZ refmgerant compressor 2U1.
Meanwhile, in the other flow, the refngerant tlows in the
order of the seventh solenoid opening/clnsing valve
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296 outside heat exchanger 202 four-way valve
213 accumulator 212 refrigerant compressor 201 (refer
to arrow marks I'n I'IG 78)

I'IG 79 shows a refrigerant circuit diagram of a yet
further automotive air conditioner accordin to thc prcscnt
invention. Thc rcfrigcrating cycle of thc prcscnt automotive
air conditioner is changed over in lhe following manner in
accordance with venous operanon modes by flow passage
changing over means

Upon cooling operation, refrigerant rlischarged from the
refrigerant compressor 201 flows in the order of the four-
way valve 213 ninth solenoid opening/closing valve
295 outside heat cxchangcr 202 tenth solenoid opening&
closing valve 291 Iirst tlecompressing apparatus
211 evaporator 207 accumulator 212 refngerant corn- is
pressor 201

Upon heating operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of the four-
way valve 213 hcatcr 203 eleventh solenoid opening&
closing valve 292 scconrl dccomprcssing apparatus zn

266 oukside heat exchanger 2U2 ninth solenord opening&
closin ~ valve 293 lour-way valve 213 accumulator
212 refrigerant compressor 201.

Upon dehumidifying operation, refrigerant discharged
from the refrigerant compressor 201 is divided into two
flows onc of which flows to thc four-way valve 213 and the
other of which flows to a tv clfth solenoid opening/closin
valve Z94. The reft&gerant tlowing lo the four-way valve 213
flov,s in the order of the four-way valve 213 heater
203 tenth solenoid opening&closing valve 291 hrst
decompressing apparatus 211 evaporator 207 accumula-
tor 212 refrigerant compressor201 On the other hand, the
refrigerant flowing to thc twelfth solenoid opening/closin
valve 294 flows in thc orrlcr of thc twelfth solenoid opening&
closing valve 294 outside heat exchanger 202 tenth sole- zs
noid opening&closin ~ valve 291 Iirsl decompresmng appa-
ratus 211 evaporator 207 accumulator 212 refngeranl
compressor 212.

Upon defrosting operation, refrigerant discharged from
the rcfrigcrant compressor 201 passes in thc order of the an

four-way valve 213 hcatcr 203. Thc rcfrigcrant bavin
passed the heater 203 is divided into lwo flows. In one of the
two flows, the reft&gerant flows in lhe order of the tenth
solenoid opening&closing valve 291 Iirst decompressin ~

apparatus 211 evaporator 207 accumulator 212 reftug-
erant compressor 201 Meanwhile, in the other tlow, the
refrigerant flows in thc orrlcr of thc clcvcnth solenoid
opening/closing valve 292 second decompressing appara-
tus Z66 outsnle heal exchanger 2U2 ninth solano&&I

opening/closing valve 293 four-way valve 213 accumu- n

lator Z1Z refrigerant compressor 201.
I'IG SO is a refrigerant circuit diagram of a yet further

automotive air conditioner according to the present inven-
tion. Thc present automotive air conditioner adopts thc
construction whcrcin rcfrigcrant always flows in the cvapo- s
ra&or ZU7. Thus, a bypass wind passageway for flowing air
bypassing the evaporator 207 is provided in the duct 100,
and upon heating operanon, the evaporator ZU7 &s closed by
the damper 159 on the upstream sirle so that refrigerant may
not exchange neat with air in the duct 100

Thc rcfrigcrating cycle of thc prcscnt automotive air
conditioner is changed over in lhc following manner in
accordance with venous operanon modes by flow passage
changing over means.

Upon cooling operauon, refngerant dischar ed from the es
refrigerant compressor 201 flows in the order of the four-
way valve 213 outside heat exchanger 202 first decom-

pressing apparatus 211 evaporator 2U7 accumulator
212 refrigerant compressor 201.

Upon hcatin operation, rcfrigcrant discharged from thc
refrigerant compressor 201 flows in thc order of thc four-
way valve 213 heater 203 second decompressing appa-
ratus 266 outside heat exchanger 202 solenoid opening/
closmg valve Z98 evaporator 2U7 accumulator
212 refrigerant compressor 201.

Upon dehumidifying operation, rcfrigcranl discharged
from thc refrigerant compressor 201 flows in thc order of thc
four-way valve 213 heater 203 solenoid opening/closing
valve 260 outside heat exchanger 201 first decompress-
mg apparatus 211 evaporator 2U7 accumulator
212 refrigerant compressor 201.

Upon dcfrosting operation, rcfrigcrant rlischarged from
the rcfrigcrant compressor 201 flows in lhc order of thc
four-way valve 213 heater 203 second decompressing
apparatus 266 outside heat exchanger 202 solenoid
opening/closing valve Z98 evaporator 207 accumulator
212 refrigerant compressor 201.

FIG. Sl is a refrigerant circuit diagram of a yct further
automotive air comhtioner according lo the present inven-
uon. The present automotive air conditioner adopts the
construction wherein refrigerant always flows in the evapo-
rator 207. I'hus, a bypass wind passageway for flowing air
bypassing the heater 203 is provided in the duct 100, and
upon cooling operation, thc hcatcr 203 is closed by thc
damper 154 on thc dov nstream side so that refrigerant and
air in the duct 100 may not exchange heal in the healer ZU3.

The relngeraling cycle ol. the present aulomouve ur
conditioner is changed over in the following manner in
accordance ivith various operation modes by flow passage
changing over means

Upon cooling operation, rcfmgcrant rlischargcd from thc
refrigerant compressor 201 flows in thc order of thc hcatcr
2U3 solenoid opening/closing valve 260 outside heat
exchanger 2U2 Iirst decompressing apparatus 211 evapo-
rator 2U7 accumulator Z1Z reft&gerant compressor 201.

Upon heating operation, refrigerant discharge&I from the
refrigerant compressor 201 flows in the orrler of the beater
203 second decompressing apparatus 266 outside heat
exchanger 202 solenoid opening closing valve 261 accu-
mulator 212 refrigerant compressor 2U1

Upon dehumidifying operation, relngeranl discharged
Iri&m the refrigerant compressor 201 tlows in the order of. the
heater 203 solenoid opening/closing valve 260 outside
heat exchanger 202 first decompressing apparatus
211 evaporator 207 accumulator 212 refrigerant com-
pressor 201.

Upon defrosung operation, reft&gerant dischar ed from
the refrigerant compressor 201 tlows in the order of the
heater 2U3 secoml decompressing apparalus 266 outsnle
heat exchanger 202 solenoid openmg/closing valve
298 evaporator 207 accumulator 212 refrigerant com-
pressor 201.

zk yct further automotive air conrlitioncr accordin to thc
present invention can be attained by a circuit similar lo the
refrigeranng circuit shown in FIG. 40. The present automo-
uve air conditioner will thus be descnbed with relerence to
I'IG 40 I'he present automotive air conrlitioner adopts the
construction wherein refrigerant always flows in the evapo-
rator 207 and the hcatcr 203. Thus, a bypass wind passage-
way for flowing air bypassing thc evaporator 207 and
anolher bypass win&I passageway for flowing air bypassing
the healer 2U3 are provided in the duct 1UO, and upon heating
operation, lhe evaporator Z07 is closed by the damper 159 on
the upstream side, but upon cooling operation, the beater
203 is closed by the damper 154 on the downstream side
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The refrigerating cycle of the present automonve air
conditioner is changed over in the fnllowing manner m
accordance with various operation modes by tlow passage
changing over means

Upon cooling operation, rcfrigcrant dischargcrl from the
refrigerant compressor 201 flows in thc orrlcr of thc hcatcr
203 solenoid openin,iclosing valve 260 outside heat
exchanger Z02 lirst decompressing apparatus 211 evapo-
rator 207 accumulator 212 refrigerant compressor 201

Upon heating operation, refrigerant discharged from the iri

refrigerant cnmpressor 201 flows in the order of the heater
203 second decompressing apparatus 266 outside heat
exchanger 202 solenoid opening/closing valve
261 evaporator ZU7 accumulator 212 refngerant com-
pressor 201. is

Upon dehumidifying operation, refrigerant discharged
from the refrigerant compressnr 201 tloivs in the order of the
heater 203 solenoid openingiclnsing valve 260 outside
heat cxchangcr 202 first dccomprcssing apparatus
211 evaporator 207 accumulator 212 rcfrigcrant corn- zn

pressor 201.
Upon defrosung operation, refngerant discharged from

the refrigerant compressor 201 floivs in the order of the
heater 203 second decompressing apparatus 266 outside
heat exchanger 202 solenoid opening/closing valve
261 evaporator 207 accumulator 212 rcfrigcrant com-
pressor 201.

A yet further automotive air condiuoner according to the
present invennon can be attained by a circuit similar to the
refrigerating circuit shown in I I(h 7 'I'he present automo-
tive air conditioner will thus be descrilied with reference to
Irl(h 7 The present automotive air conditioner adnpts the
construction whcrcin rcfrigcrant always flows in thc evapo-
rator 207 and thc hcatcr 203. Thus, a bypass wind passage-
way for flowing air bypassing the heater 203 is provrrlerl in zs
the duct 100, and the opemng ol: the damper 154 on the
downstream side is vened to ailtust the mount of air to pass
the heater 203 and the amount of air to pass the liypass
passageivay to adjust the blown out air temperature.

Thc rcfrigcrating cycle of thc prcscnt automotive air sn
conditioner is changcrl over in thc following manner by flow
pass i e changing over means which employs two four-way
valves 213 and 214

Upon cooling operanon and upon defrosting operanon,
refrigerant discharged from the refrigerant cnmpressor 201
flnivs in the order of the four-way valve 213 nutside heat
cxchan cr 202 four-way valve 214 hcatcr 203 first
decompri,ssing apparatus 211 evaporator 207 four-way
valve 213 accumulator 212 refrigerant compressor 201.

Upon heaung operauon and upon delrosting operanon, n

refngerant drscharged from the relngerant compressor 201
flnivs in the orrler of the four-way valve 213 four-way
valve 214 heater 203 first rlecnmpressing apparatus
211 evaporator 207 four-v ay valve 214 outside heat
exchanger 203 four-v ay valve 213 accumulator s
212 refngerant compressor 201.

Further, ilehumirhfying operation and defrosting opera-
tion can be achieved even with such a construction as shown
in Irl(i. II wherein a bypass winrl passageway is formed
sidewardly of the evaporator 207 an

Further, dehumidifying operation and dcfrosting opera-
tion can bc achieved similarly cvcn with a construction
wherein the four-way valve 214 is replaced by lour check
valves 216, Z17, 218 anil 219 as shown in FIG. 13.

Further, while a temperature sensor is employed as a ss
sensor for detecting frost nn the evaporator in the automo-
tive air conditioners descrilied hereinaliove, not a tempera-

ture but a pressure of refrigerant in the pipe on the exit snle
of the evaporator may alternatively be detected to forecast
frnsting from an evaporating temperature of refrigerant Or
else, a sensor for detecting a loss in pressure of the evapo-
rator may bc used to detect frosting from a variation in loss
in prcssure of a sving passing thc evaporator.

FIGS. 82 to 85 show refiugerating cycles ol: a yet further
automotive air comhtioner according to the present inven-
tion. In particular, Irl(iS. 82 to 85 illustrate cooling, heating,
dehumidifying heating and defrosting conrlitions,
respectively, and indicate a pipe in which refrigerant flows
by a thick line. The expansion pipe 206 cmploycd herc is a
tcmpcraturc differential expansion valve which varies thc
throttling amount of the relngerant flow passage so that
refrigerant on the exit side of the heater 203 mljacent the
condenser may have a predetermined subcnoling, degree

Upon conling operation, refrigerant dischargerl from the
refrigerant compressor 201 flows in the nrrler of the four-
way valve 213 outside heat cxchangcr 202 expanding
means 260 evaporator 207 accumulator 212 rcfrigcr-
ant compressor ZU1.

Upon heating operation, relngerant flows in the order of
the compressor 201 fnur-way valve 213 heater
203 expansinn valve 206 outsirle heat exchanger
202 accumulator 212 refngerant compressor 201

When there is thc possibility upon heating that thc wind-
shield may be fogged, dehumidifying heating operation is
performed, and in this instance, refngerant flows in the order
of the compressor ZU1 heater ZU3 expansion valve
206 outside heat exchanger 202 solenoid opening/
closing valve 266 evaporator 207 accumulatnr
212 refrigerant compressor 201

In case thc surface of thc outsirlc neat cxchangcr 202 is
frozen upon heating, thc condition of thc outside heat
exchanger 202 is detected aml defrosung operation
started. Upon defrosting operauon, refngerant circulates in
the relngerant cycle in the order ol: the refngerant compres-
sor 201 heater 203 solenoid valve 298 outside heat
exchanger 202 expanding capillary tube 260 evaporator
207 accumulator 212 compressor 201.

Thc diflercncc of thc refrigerating cycles from those of thc
automotive air coniliuoner shown in FIG. 63 is that, while
refrigerant flows, upon delrosting operauon, in the order of
the outside heat exchanger ZU2 heater 2U3 in the automo-
tive air cnnditioner shown in I'l(h 63, refrigerant flows in the
reverse order of the heater 203 outside heat exchanger 202
in thc present automotive air conrlitioncr. When discharged
refrigerant flows, upon dcfrosting operation, first into thc
heater 203 as in the present automouve air condinoner, a

preileterminixl subcooling degree can always be obtained at
the heater 2U3.

I'his will be described subsequently Since, in the auto-
motive air conditinner shown m I'IG 63, refrigerant is
conrlcnscd first in thc outside heat cxchangcr 202, when thc
tcmpcraturc of outside, air is low at O'. or so, it is forecast
that refrigerant after passing the outside heat exchan er 202
may be coolixl to 10'. or so aml comlensed. Here, if it is
assumerl that the refrigerant has a subcooling de ree of. 2 to
3' or so when it passes the outside heat exchanger 202,
the temperature corresponding to a condensing pressure of
the refrigerant when it passes thc outside heat exchanger 202
is IZ to 13', or so. On thc other hand, for a while after thc
operation is changed over from heaung operauon to delrost-
ing operauon, air is not cooled sulliciently in the evaporator
2U7 anil comparauvely warm air of a temperature equal to
the ronm temperature or so will flow into the heater 203 The
air temperature is in most cases 12 to 13' nr more and



6,044,653
60

may sometimes be higher than a temperature correspomhn ~

to the condensing pressure described above. In this instance,
refrigerant condensed once in the outside heat exchanger
202 will be evaporated again when it passes the heater 203
Thc refrigerant docs not have a subcooling dcgrcc at least
when it passes the condcnscr portion of thc hcatcr 203 As
a result, lhe expansion valve 206 of the iemperature diller-
ennal type will throule the flow rate of refiugerant so as to
obtain a subcooling degree, and consequently, the amount of
refrigerant ivhich mrculates m the cycle will be reduced
remarkably.

On thc other hanrl, in thc automotive air conditioner
shown in FIG. 85, since rcfrigcrant discharged from thc
compressor ZUI tlows, even upon deirosting operahon,
similarly as upon heaung operauon, first mto the heater 203, is
such a disadvantage as described above does not occur even
upon changing over from heating operation to defrosting
operation. In the present automotive air conditioner, reftug-
crant having passcrl thc hcatcr 203 after dcfrosting is low-
ered in tcmperaturc, anti while the tcmperaturc of rcfngcrant zo

in lhe outside heal exchanger 2U2 is low comparing with that
of refrigerant which advances from the compressor 201
directly to the outside heat exchanger 202, since refngerant
of a temperature higher than (I'1 floivs any way into the
outside heat exchanger 202, defrosting operation is achieved
well.

It is to bc noted that, while, in the automotive air conCh-
tioners descnbed above, the compressor 201 rs dnven by
means of an electnc motor and the dischargm ~ capacity of
the compressor 201 is controlled by varying the speed of
rotation of the motor, the compressor 2(: may othenvise be
of another type which does not nave a variable discharging
capacity. Further, thc compressor 201 necrl not ncccssarily
be driven by an elcctnc motor but may bc driven by an
engine or the like. 35

Further, while, in the automohve air conditioners
described above, a temperature dilferenual expansion valve
or a capillary tube is employed as expanrling means, alter-
natively an electric expansion valve which varies a throttling
amount in rcsponsc to an clcctric signal may bc cmploycd. ao

Further, an automotive air conditioner according to the
present invention may be useil nol only for air comlrliomn ~

of a room of an eleclwc automobile but also for air conch-
tiomn ~ of a room of an ordinary automobile employin ~ an
internal combustion engine and any other cofiiltion vehicle
lloivever, an automotive air conrlitioner acicording to the
present invention is most cft'cctivc for usc with a vehicle
which docs not have an auxiliary heat source such as an
electric automobile.

As descnbed so far, according to the present invenhon, o

since a heater and an evaporator which conshlute a refwg-
erating cycle is disposed in a rluct and air is heated by
radiation of heat from the heater, the temperature of air to be
blown out can bc controlled in a wider ran c.

Further, according to thc prcscnt invention, since heat 3

exchangers disposed in a duel have individually specdied
functions as a heater and an evaporator, even upon chan nn ~

over from cooling operation lo heaung operation, Ihe heal
exchangers can maintain the respective functions thereof,
and sudden fogging of the windshield and so forth can be
prevcntcd.

Further, according to thc prcscnt invention, since the
discharging capacity of a compressor can be varied by
controlling rotation of an electric motor and a bypass
pass i away rs provided sidewardly ol a healer such that the es
floiv rate of air may be controfled by means of an air mixing
damper, the temperature of air to be blown out can be

conlrolled very linely by combinauon of control of. the
discharging amount of the compressor and control of pivotal
motion of the air mixing damper

lurther, according to the present invention, since the
function of an outside heat cxchangcr is changed over
bctwcen a condcnscr function and an evaporator function in
response to changing over between cooling operation and
heating operation, the refngeraung cycle can be operated
efliciently in any of cooling operation, heating operation and
dehumidifying operation

lurther, according to Ihe present invention, since two
outside heat cxchangcrs arc used inclulling an outside con-
llcnscr which serves only as a condcnscr and an outside
evaporator which serves only as an evaporator, the outsnle
comlenser and lhe oukside evaporator can be loca(eel at
respective optimum positions, and the refrigerating cycle
can be achieved efliciently

lurther, according to the present invention, since the
operation can bc changed over succcssivcly bctwccn dchu-
millifyin operation and heating operation in accordance
with an apphcauon, prevention of logging of the windshield
upon healing operanon, prevention of ireezing of an evapo-
rator upon dehumidifying operation anil defrosting of an
outside heat exchanger upon heating operation can lie per-
formed weil

Further, according to the prcscnt invention, making usc of
the fact that thrcc heat cxchangers arc used upon dchumidi-
iying operation including an outside heat exchanger, a

comlenser aml an evaporator, lhe heat radiaun ~ capacity of
the condenser can be controlled by varying the heat
exchanging capacity of the outside heat exchanger
(.'onsequently, dehumidification can be changed over
bctwcen ordinary dehumidification anti dchumidihcation
having some hcatin cfl'cct In allrlition, protection of thc
refrigeraung cycle against a high pressure upon dehumnh-
iying operanon can be achieved well

Further, according lo Ihe present invennon, while both of
an evaporator and an outside heat exchanger are used as heat
sinks to evaporate refrigerant upon rlehumidifying
operation, since an evaporating prcssure rcgmlating valve is
lhsposcd on thc doyvnstrcam sirlc of thc evaporator, cvcn
when the temperature of. ou(side air is low, dehumidifying
operation can be performed while preventing frosting of. the
evaporakir 'ivcll.

I urther, according to Ihe present mvention, since a bypass
passageway for flmvin refrigerant bypassmg an evaporator
is provided and opening/closing movcmcnt of thc bypass
passa cway is controlled by means of a solenoid valve, thc
evaporating lemperature of refngeranl in Ihe evaporator can
be controlled by suitably changing over between a condition
wherein refngerant flows into the evaporator aml another
condition wherein refrigerant flows into the bypass passage-
way

Further, according to thc present invention, since a hcatcr
lhsposcd in a duct is divided into a condcnscr for condensing
refrigerant and a subcooler ior subcooling condensed liquid
refrigerant, relngeranl can have a subcooling degree with
certainty even if the flow rate or lhe temperalure of. air to be
admitted into the heater varies (:onsequently, according to
the present invention, the refrigerating cycle can ahvays be
opcratcd while refrigerant has a sufflcicnt subcooling
llcgrce, and ctlicicnt operation can bc achieved.

Further, according to the present invenuon, since the heat
absorbing comhnon upon heaung operanon is changetl over
between a conihtion wherein heat is absorbed only by means
of an outside heat exchanger and another condition wherein
heat is absorbed by means of both of the outside heat
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exchanger and an evaporator, when lhe heanng local is
parucularly high such as upon warming up, heat is absorbed
also from thc evaporator sirlc and heating can bc achieved
quickly.

We claim
1 An automotive air conditioner, comprisifig'

duct definin a passageway for conditioned air to a room
of an automobik,

a blower for blowing air toward thc room of thc automo-
bik by way of said rluct; 10

an evaporator disposed in sairl duct for evaporating refiug-
crant to cool air;

a heater disposed on the downstream side of said evapo-
rator in said duct for causing refrigerant of a high
tcmpcraturc and air to cxchangc heat with each other to is
heat the air;

a compressor for compressing and dischar in refriger-
ant;

an outside heat exchanger disposed outside said duct for
causing air outside said duct and rcfri crant to
cxchangc heat ivith each other;

an accumulator disposed at an upstream refrigerant side of
said compressor, for accumulating liqucficd rcfngcrant
thcrcin and for leading gaseous refri crant into said
compressor; aml

expanding means for dccomprcssing and cxpandin
rcfrigcrant, said expanding means including an clcctric
expansion valve which vanes lhe throttling amount of
a tlow of reingeranl in response lo an electric signal so

30
that a sub-cool amount of refrigerant passing through
said expanding means is varierl in accordance with an
air-comlitioning load of thc automotive air conditioner.

2. Thc automotive air conrlitioncr according to claim 1,
whcrcin said expanding means is disposed bclwecn said

33
outside heat exchanger and said healer.

20 The automohve air condiuoner according to clmm 2,
wherein said electric expansion valve controls the throttle
amount of refrigerant so that the temperature of refrigerant
at a refrigerant outlet of said hcatcr has a prcdctcrmincd

30
super-cooling dcgrcc.

4. Thc automotive air conrlitioncr according lo claim 1,
wherein said expamhng means is disposed between said
outside heat exchanger and said evaporator.

5 The automotive air conditioner according to claim 4,
wherein said electric expansion valve controls the throttle
amount of rcfrigcrant so that thc tcmpcraturc of rcfrigcrant
at a rcfrigcrant outlet of said outside heal exchanger has a
predctcrmincd super-cooling degree.

6. The automotive air condiuoner according lo clmm 1,
0

wherein saiil electnc expansion valve controL lhe thronle
amount of refrigerant so that the temperature of refrigerant
at an outlet of a condenser has a predetermined super-
cooling degree.

7. An automotive air conrlitioncr, comprising:
ss

a duct for introducing conditioned air into a room of an
automobile;

a blower for blasting air into said duct;
an evaporator disposed in said duct for evaporating refmg-

erant to cool air, 00

a heater disposed on lhe downstream side of said evapo-
rator in a fiow of air in said duct ior causing refngeranl
of a high temperature and air to exchange heat with
each other to heat the air;

a bypass passageway disposed on the downstream of said ss
evaporator in said duct for tloiving therethrough air
bypassing said heater;

an air mixing damper disposed in sat&i duct ior controlling
the ratio of a flow rate of air to be admitterl into said
heater to a fioiv rate of air to liow through said bypass
passageway;

a compressor driven by an ckctric motor for compressing
and discharge'ng refrigerant;

an outside heat cxchangcr disposed for connection
between said compressor and said heater for causing ur
outside said duct aml reingeranl lo exchange heat with
each other;

expanding means disposed between said heater anti said
evaporator for decompressing and expanding refriger-
ant;

a controller for controlling thc spccrl of rotation of said
compressor aml pivotal motion of said air mixing
damper; and

al kasl one of:
an outside air temperature sensor ior detecung a tem-

perature of air outside the room of the automobile;
an inside air temperature sensor for detecting a tem-

perature of air inside thc room of thc automobile;
a solar radiation sensor for dctccting an amount of solar

radiation coming into thc room;
a blown out air temperature sensor for detecting a

temperature of air blown out from said duct;
a heater temperature sensor for detecting a signal

regarding a temperature of said heater;
an evaporator temperature sensor for detecting a signal

re ardin a tcmpcrature of said evaporator; and
a prcssure sensor for dctccting a signai regarding a

pressure of refwgeranl discharged from said com-
pressor;

said controller conlrolhng in response lo a signal or
signals from the sensor or sensors, the speed of rotation
of said compressor and a circuit of sairl air mixing
damper.

8 An automotive air conditioner, comprising:
a duct defining a passageway for conditioned air to a room

of an automobile;
a blower for blasting air towards lhe room of the auto-

mobile by way of said duct;
an evaporator disposeil in said duct for evaporanng

refrige-

rantt lo cool air,
a hcatcr disposed on thc downstream sirlc of said evapo-

rator in said duct for causing refngeranl of. a high
temperature and air to exchange heat with each other to
heat the air;

a bypass passageway disposed on the downstream stile of
saiil evaporator for fiowing therethrough air bypassing
said heater;

an air mixing damper for controlling a ratio of a fiow rate
of air lo be admiued into said heater lo a fiow rate of
air to tlow through sairl bypass passageway;

a compressor for compressing aml discharging relnger-
0 tl I;

an outside heal exchanger for causing air outside said duct
anil refrigerant to exchange heat with each other,

dccomprcssin means for dccomprcssing and expanding
refrigerant,

an evaporator for causing air and refrigerant of a low
temperature to exchange heat to evaporate lhe refrig-
erant and cool lhe air, wherein
in a heating operahon, refngerant tlows in the oriler of

compressor, heater, decompressing means, anti out-
side heat exchanger;
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in a cooling operauon, refrigerant flows m the order of

compressor, heater, outside heat exchanger, decom-
pressing means, anil evaporatnr; and

in a dehumidifying operation, refrigerant floivs in the
orrlcr of onc of:
a) compressor, hcatcr, rlccomprcssin means, outside

heal exchanger, and evaporator,
b) compressor, heater, outside heat exchanger

decompressing means, anil evaporator, and
c) compressor, heater, decompressing means, outside le

heat exchanger, rlecompressing means, and evapo-
rator

9. An automotive air conrlitioncr, comprising:
a duct delining an air passageway,
a blower for blasting air into a room of an automobile by

is

way of said duct;
an evaporator disposed in said duct for evaporating refwg-

eranl to cool air,
an evaporator bypass passageway formed sidcwardly of zp

said evaporator in said rluct for flowing thcrclhrou h air
bypassing said evaporator;

an evaporator damper dispnsed in said rluct for controfling
the ratio of a flow rate nf air to flow through said
evaporator bypass passageway to a flow rate of air to
flov. through sairl evaporator;

a heater disposed in said duct for causmg refri erant of: a

high temperature and air lo exchange heal wrth each
other to heat the air;

ic
a hcatcr bypass passageway formed sidcwardly of sairl

heater in said duct for flowing thcrcthrough air bypass-
ing saiil heater,

an air mixing damper disposed in said duct for controlling
the ratio of a flow rate of air to pass through said heater
bypass passageway to a flow rate of air to flow throu h
said hcatcr,

an outside heat exchanger for causing air outside said duct
and refrigerant to exchange heat with each other,

a compressor for compressing and dischar in refriger- sc
ant; and

changing over means for changing over a flow ol refrig-
erant flowing through said outside heat exchanger
between the flow of refrigerant which tlows to said
heater and the floiv of refrigerant which flows through
said evaporator back to said compressor.

10. An automotive air conrlitioncr according to claim 9,
wherein said compressor includes discharging capacity
varying means, and further comprising a conlroller for
controlling the discharging capacity of said cnmpressor,
changing over of said changing over means, pivotal motion
of said evaporator damper and pivotal mntion of said air
mixin damper.

11. An automotive air conditioner comprising:
a duct defining a passageway for conrlitioncd air to a room

of an automobile;
a condenser disposed in sairl duct for comlensing refrig-

erant to heat air;
a receiver for accumulating once therein refrigerant hav-

ing passed said condenser and for dehve ring only liquid
rcfrigcrant therefrom,

a subcoolcr disposed in sairl duct for causing air and
rcfrigcrant of a high tcmpcraturc dclivcrcd from said
receiver lo exchange heat with each other lo heal the
air,

expanding means for dccomprcssing and cxpanrling
refrigerant delivered from said subcooler,

an evaporator disposed in sairl duct for evaporating rcfrig-
crant of a low prcssure rlclivcrcrl from said expanding
means lo cool air;

an outside heat cxchangcr disposcrl outsirlc said duct for
causing air outside said duct and refngerant to
exchange, heat with each other, and

a compressor for sucking, compressing and discharging
refrigerant.

12. An aulomouve air condiuoner according lo claim 11,
wherein said expanding means vanes the lhrouling amount
of a refrigerant passage such that refngerant on the sucking
side nf said compressor has a predeterminerl dryness


