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Thc wnstc heat from a heating part mounted on a vchiclc is
recovered and extracted by a refrigerant for gas injection so
that thc hcatin capacity at a low ambient tcmperaturc may
be elfectively improved while suppressing an increase in the
power consumption. At thc heating time, thc rcfrigcrant is
circulaterl m a closed circui( composed of a compre~~or, an
indoor heat cxchangcr, a prcssure regulator and an outdoor
heat exchanger, anil the refngerani, as condensed in the
indoor heat cxchan cr, is regulated to an intermediate pres-
sure by a pressure regulator anil introduceil into a heat
exchanger. In this heat exchanger, the refngerant extracts the
heat from the he~ting part at the side of the vehicle so that
it evaporates The refngerant thus having evaporatetl is
introduced through an evaporation pressure regulating valve
via a gas injection passage mto a gas injectmn port of the
compressor.

Vrimury Lrxairu'ner—William Wnyncr
Auorney, Agen/, or Firm—Aiarness, Dicl'ey & Pierce, PI.C
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VFHICUIAR AIR CONDITIONINO SYSTFM
FOR ELECTRIC VL'HICLES

('OSS RLI'L&RL'N('L'I'0 RL'I.A'I'L'D

APPLICATION

This application is based on and claims priorities of
Japanese Patent Applications No. g-SSS57 bled on Apr 1(l,
1996, No. 8-102965 filed on Apr. 24, 1996 and No.
8-318240 liletf on Nov 7&, 1996, the contents ol'hich are
incorporated herein by rcfcrencc.

BACKGROUND OF THE INVENTION

1. F&ekl of. the Invention
1be present invention relates to a vehicular air conditioner

system havmg a function to recover the waste heat of a

heating part such as a driving device and, more particularly,
to a vehicular air conditioner system which is improved in
the heatm capacitance at a low ambient temperature by
making a gas injection cyck in a heat pump system capable
of at least heating The present invention is suitable as an air
conditioning heat pump system for an electric car for arctic
areas and a hybnd car equipperi with both an electric motor
and an internal combustion engine as its prime mover.

'2. Description of Related Art
When a heat pump system using an electric compressor is

to be mounted on a vehicle such as an electric car, it is
necessary for retaming safety of the vehicle clove to defrost
the windshield or to prevent it from becoming misty. In
Iapanese Patent laid-Open No. 5-319()77, thereiore, there
has been proposed a system which is enabled by providing
a cooling-dedicated evaporator and a heating-dedicated
evaporator intlependently of each other as a compartment
heat exchanger to prevent the windlshield from bemg
cloudetl ivith the condensed water due to an abrupt evapo-
ration at the time of changing the mode from the cooling to
the heating modes and to dehumidify and heat the condi-
uoned air by heating the air again to a desired temperature
with the heating-rledicated condenser while dehunudifying
it with thc cooling-dctlicatcd evaporator.

Accordmg to the aforementioned system of the poor art,
however, when thc ambient temperature in thc circum-
stances using the system lowers, the heat extraction ni an
outdoor heat exchanger acting as thc evaporator at the
heating time is reducetf to lower the suet«&n pressure of a
compressor so that the capacity to the refrigerant is enlarged
to reduce the refingerant circulation, thus raising a problem
that the heatin capacity lowers.

When the compressor suction prcssure drops, morcovcr,
the compression nitio rises to raise the rel'rigerant discharge
tcmpcraturc so that thc compressor cannot be used with its
maximum capacity (or highest RPM) for protecting it This
raises a probkrn that thc heating capacity is further lowered.

From this reasoning, the aforcmcntioncd system of thc
prior art &s short of the compartment heating capacity in an
arctic arcs having an ambient tcmpcraturc of — 10'1 or less.

In Japanese Patent Laid-Open No. 54-140247, in order to
improve the healing capacity at a low ambient temperature,
there has also bccn proposed an air conditioner which is
equipperl with a vapor-liquirl separator for separating the
vapor and liquid of the refrigerant, as regulated to an
intermcrliate prcssure, to construct a «as injection type heat
pump for injecting the gas refrigerant, as separated by the
vapor-liquir! separator, into thc compression stroke of thc
compressor anil ivhtch is further equipped with an auxiliary
heat cxchan cr disposed upstream of thc vapor-liquid sepa-
rator for heating the refngerant with the air.

In the electric car, however, there is generally atlopted a
coohng system for cooltng a semiconduck&r switching ele-
ment or the like of an RPM controlling inverter of a
vehicular drivmg electric motor. In this system, the waste
heat of the heating part is extracted to the cooling water, and
this cooling water is circulated in a ratliator by a water pump
so that thc waste heat may bc rclcasctl to thc atmosphere by
the radiator. However, this system has the complicate&i
construction I'or the heat release through the circulation of

&D
the coohng water and requires such a large space. I'or

mounting it on the vehicle as to be troubled by retaining the
space

Because the heat pump of the poor art has an ordinary
construction, moreover, only one indoor heat exchanger is
disposed for both the coolmg and heatmg operations. This
heat exchanger cannot exhibit the dehumidifying heating
function to heat again the dehumuliiied con&lit&oned air to a
desired temperature. Under a running condition m which the
air to bc sucked has a high humidity, thercforc, there arises

„«a problem that the windslueld is liable to become misty
Since the refngerant is heated by the auxiliary heat

exchanger of an air heat source, on the other hand, the
refrigerant heating etTect cannot be fully exhibited at the low
ambient tcmperaturc so that a sutT&cicnt heating capacity
cannot he expected

SUMMARY OF THE INVENTION

The present invention thcrcfore has an object to proviile
a vehicular air contlitioner system which can improve the

3(&
heating capacity at a low ambient temperature etfcctivety
while suppressing the power consumption.

'I'he present invention has another object to provide a
vehicuhir ur conditioner system capable of achieving the
coolin of a heating part, as mounted on the vehicle, in a
simple construction.

The present mvention has a further object to improve the
heating capacity at the low ambient temperature efTectively
while suppressing thc power consumption, by noting thc
waste heat coming from the vehicle-mounted heating part,

4c e.g., the semiconductor switches of an RPM controlling
inverter of a vehicle driving electric motor and by recover-
ing thc waste heat to transfer it to an intcrmcdiatc pressure
refrigerant for gas mjection.

I'he present invention has a still further object to improve
46 thc heating capacity of a heat pump system for dehumidi-

fying heating operation at the low ambient temperature,
cifcctively while suppressing thc pov"er consumption by
provitling a cooling-dedicated evaporator anil a heating-
dcdicatccl condcnscr independently of each other as thc

;,& iniloor heal exchanger.
According to the present invent&on, a vehicular air con-

ditionin system is constructetl to restore thc waste heat
generated from heating part (heat generating part, e.g, the
scmiconrluctor switch clcmcnt of thc RPM controlling
inverter of the vehicle dr&ving electric motor) in a vehicle at
a point midway of a gas injection passu c conncctcd to a
compressor, by no&in the waste heat comin from the
heating part. Thus, the heatin capacity at the low ambient
temperature is improve&i by rccovcring and cxtractin thc

ec waste heat directly to the gas iniect&on intermed&ate pressure
refrigerant. Moreover, thc cycle is macle of thc heat
exchanger for recovering and extract tng the waste heat from
a vehicle-mountctt heating part ilircctly to thc refri crant, so
that the heating part can be cooletl with the simple construc-
tion.

More specifically, according to a first aspect of thc present
invenuon, a compressor is prov&&led with an intake port Rir



sucking thc refri crant at a low pressure sitle of a refriger-
ating cycle, a as injection port for introducin the gas
refrigerant of an intcrmediatc prcssure of thc rcfri crating
cycle, anil a discharge port for discharging the compressed
rcfrigcrant. A first prcssure ro ulator for regulating thc
relrigerant is interposeil between an indloor heat exchanger
and an outdoor heat cxchangcr. Thc condensed rcfri crant at
a high pressure side of the refrigerahng cycle is regulatetl Lo

thc intcrmctliate prcssure by a second prcssure regulator.
This intermediate pressure refrigerant is caused to extract
the heat of a heating part, as mounted on the vehicle, and to
evaporate by a heat exchanger. The gas refrigerant, as
evaporate&I by the heat exchanger is introduced into the gas
injection port through a gas injection passage.

At thc heating time, thc gas is injcctctl in thc course of thc
compression strol i, ol the compressor, so that the fiow rate
of the injcctetl gas refrigerant is added to thc fiow rate of thc
sucked refrigerant of Ihe compressor Io increa~e Ihe fiow
rate of thc refrigerant to an indoor heat exchanger or
contlenser, and the, waste heat of each heating part is
recovered or extractetl in the heat exchanger to the interme-
diate pressure liquid refrigerant so that Ihe intermetliate
pressure refrigerant is evaporated and mjected mto the
compressor. As a result, the heat release of the refrigerant in
the indoor heat exchanger or condenser can be increased to
raise thc heating capacity.

Moreover, the intermediate pressure refrigerant is evapo-
rated by the waste heat of each heatin part anil inIectcd into
the. compressor. As a result, the compressor may compress
the refrigerant to be injected from thc intermediate pressure
to the discharge pressure but not from the suction pressure
to thc discharge prcssure unlike thc ordinary cycle of the
prior art. Therefore, the average sucuon pressure in the
compressor can risc to reduce thc compression ratio so that
Lhe compression power can be suppressed to increase the
resulting performance coeNc&ent As a result, the cycle
efiiciency can be improved together with the healing capac-
ity while suppressing the power consumption.

In cithcr of the cooling and heating modes, moreover, in
the heat exchanger, each heating part can be directly cooled
with the rcfrigcrant so that thc construction can be drasti-
cally snnplitied as compared with the cooling system having
the cooling water circulating circuit of thc prior art.

Accorrhng to a secontf aspect of the invenuon, the con-
densed refrigerant at thc hi h prcssure side of thc rcfri er-
aung cycle is regulated Lo Ihe intermetfiate pressure by a lirst
pressure regulator so that thc vapor and liquid of the
intermediate pressure refrigerant are separated by a vapor-
hquid separator, and the gas refrigerant, as separate&I by the
vapor-liquid separator is introduced through a second pres-
sure regulator via a hrst gas injection passage mto the gas
injection port of the compressor.

Moreover, the 1&quid refrigerant, as separated by the
vapor-liquid separator, is rc ulatctl by a third pressure
regula(or and fed to an mdoor heat exchanger or an outdoor
heat exchanger, and thc liquid refrigerant, as separated by
the vapor-liquid separator, is regulated by a fourth pressure
regulator and fed to a heat exchanger. In this heat exchanger,
the refrigerant extracts the heat I'rom a vehicle-mounted
heating part and evaporates so that the gas refri erant, as
evaporated in the heat cxchan cr, is introduced via a second
gas injection passage into the gas injection port.

As a result, it is also possibk to improve thc heating
capacity elTecuvely and u& simplify the construction of the
hcatin part coolin system drastically. In addition, by
injecung the gas refngerant, as separated by the vapor-liquitl

separator, rlircctly via the first gas injection passage, the
enthalpy dilTerence between Ihe refrigeranus to liow through
the heat exchanger for cooling the heating part and through
the indoor heat exchan er can be enlarged so that the cycle
efiiciency can be further improved.

Accordin to a third aspect of the invention, the con-
densed refrigerant at the high pressure side of the refriger-
atin cycle is rcgulaterl to thc intermediate pressure by the
first prcssure regulator so that this intcrmcdiate prcssure

,o refrigerant is introduced into the heat exchanger. In this heat
exchanger, the refrigerant extracts the heat from the vehicle-
mounted heating part The vapor and 1&qutd of the
refrigerant, as heated by Lhe heat exchanger, are separated by
the vapor-liquid separator so that the liqmd refrigerant, as
separated, is regulated by the third pressure regulator and fed
to thc indoor heat cxchangcr or thc outdoor heat exchan cr,
whereas the gas refrigerant, as separated liy the vapor-liquid
separator, is mjected through the secoml pressure regulator
via the gas injection passage into the gas injection port of the
compressor.

cn As a result, it is also possible to improve the heating
capacity cfi'cctivcly and to simplify thc construction of thc
hi,sting part cooling system drasiically.

According to a fourth aspect of the invention, the evapo-
rator for cooling thc air is disposctl in the air conditioning

as duct, and the evaporator for exchanging the heat with the
outside air to condcnsc the refrigerant is disposed outside of
the air conditioning duct. In this cooling refrigerating cycle,
the intcrmcrliatc pressure rcfrigcrant is heated to evaporate

3(i
in the heat exchan er by thc vehicle-mount&,d healing part,
and the evaporated gas refrigerant is introduced via the gas
injection passago into the gas injection port. As a result, the
cooling refrigerating cycle can be utilizerl to cool the heating
part satisfactorily and to simplify thc construction of thc
heating part cooling system drastically.

As a result, at both the cooling time and at the time
disusing thc cooling mode, thc heating part can bc satisfac-
torily cooled by utilixing the cooling refrigerating cycle

According to a tifth aspect of the invention, the condensed

4o refrigerant at a high prcssure side of thc refrigerating cycle
is regulated to an intermediate pressure by a first pressure
regulator, and thc vapor and liquid of thc intcrmcdiate
pressure refrigerant are separated by a vapor-liquid
separator, so that the gas refrigerant, as separated by the

44 vapor-liquiil separator, is introducetl via a gas injection
passage into a gas injection port of a compressor. Further
provided is a heaL exchanger for extracting the, waste heat of
a vehicle-mounted heating part to the intermediate pressure
refrigerant.

At the heating time, Lhe refrigerant circulates through the
compressor, the indoor heat cxchan cr, the first prcssure
regulat.or, the vapor-liquid separator, the second pressure
regulator and thc outdoor heat cxchangcr scqucntially and is
separated by the vapor-liquid separator, and the gas refrig-
erant having extracted the waste heat from the heating part
is introtluced via the gas injection passage into thc gas
mjection port.

As a result, at the heatin time, the gas is injected iri the
course of the compression stroke of thc compressor, and thc

eo waste heat ol'he vehicle-mounted heating part ts recovered
and cxtractcd to thc intermcdiatc prcssure refrigerant, so that
the saturation pressure of the mtermediate pressure rel'ng-
crant can bc raised to increase thc „as intection. As a result,
the refrigerant circulauon to the indoor heat exchanger can
bc increased to improve thc heatin capacity cfi'cctively.

Sin&ultancously with this, thc saturated gas rcfrigcrant is
injected in the course of the compression stroke of the



compressor so that the gas refrigerant, as compressed and
heated till midway, is cooled by the saturate&I gas refrigerant
to lower thc tcmpcraturc of the rcfrigcrant to bc discharged.
As a result, the compressor can be used wnh i&s highest
ability (or highest RPM). As a result, it is possible to
improve the heating capacity elfectively at the low ambient
tcmpcraturc.

By the heat extraction through the recovery of the waste
heat from the heating part, the saturated gas pressure of the
intermediate pressure refrigerant can be raised to raise Ihe
average suction pressure of the compressor to reduce the
compression ratio. As a result, Ihe compression power can
he suppressed to mcrease the resulting performance coetfl-
cicnt so that thc cycle cfficicncy can bc improved together
with the heating capacity ivhile suppressing the power
consumption.

Accordmg to a sixth aspect of the invention, there is
provided a vapor-liquid separator for separating the vapor
and liquid ol'he evaporated refrigerant at. the low pressure
side of the rcfrigcratin cycle. Thc gas refrigerant, as sepa-
rated by Ihc vapor-liquid separator, is sucl ed into Ihe intel e
port of the compressor, and the condensed rcfri crant at thc
high pressure side of the refrigerating cycle is regulated to
the intermediate pressure by a first pressure regulator so that
this intermcdiato pressure rcfrig&,rant and th&, medium, as
heated by the. heating part, may exchange the heat m the heat
exchanger.

The intermediate pressure gas refngerant, as evaporated
by thc heat extraction in thc heat cxchangcr, is introduced
via Ihe gas mjection passage into the gas mjection port ol the
compressor. A second pressure regulator for regulating the
condensed refrigerant at the high pressure sule of the rel'rig-
erating cycle is arranged in parallel with the first pressure
regulator, and the heat exchanger and the ruliator are
connecterl in parallel with the heating part ('.hange means is
provided for changing thc flow of thc medium bctwcen thc
heat exchanger and the radiator

At thc heating time, the medium is guided to thc heat
exchanger by the change means, and the rel'rigerant circu-
L&tcs through thc compressor, thc indoor heat exchanger, thc
second pressure regulator, the out&fiior heaL exchanger and
thc vapor-liquid separator scqucntially. Moreover, thc
refrigeranL, as condensed by the indoor heal exchanger, is
rcgulatcd to the intcrmcdiatc prcssure by thc first prcssure
regulator, and this intermediate pressure refrigerant is heated
and evaporated mto the gas refrigerant by the heat
exchanger, so that Ihe gas refrigerant is introduced via Ihe
gas injection passage mto the gas iniection port.

As a result, by executing thc as injection recovering thc
waste heat of the heating part, the heating capacity at a low
ambient tcmperaturc can be etfcctivcly improved. At thc
same time, the compression ratio can be reduced to suppress
the compression po&vcr thcrcby to improve the heating
capacity and the cycle efliciency ivhile suppressmg the
power consumptiori.

Moreover, thc intermediate pressure vapor-liquid s&,para-
tor may be eliminated and replaced by the cycle construction
having the vapor-liquid separator at thc suction side of Ihc
compressor so that the. function of the gas injection can be
cxhibitcd. As a result, thc vapor-liquid separator to bc used
at the suction sale can have a lower pressure resistance and
a lower cost than that of thc intcrmcdiatc prcssure vapor-
i&quid separator.

Moreover, the me&hum flow can be changed by the change
means between thc heat cxchan rcr and the radiator so that
the recovery ol'he waste heat of the heating part in the heat

exchanger means can bc selected at any time according to
the cycle running condition or the like.

BRILI'lLog(.'RIRllON Olr TIIL& l)RAWIN(35

Other objects, features and advantages of thc present
invenuon will become more apparent I'rom the I'ollowmg
dctailcd description when read with rcfercncc to the accom-
panying drawingb in which

I'I(i. I is a refrigerating cycle diagram showing a first
embodiment of Lhe present invenuon,

I'I(i. 2(a) is a apartially sectional front elevation of a
heating part cooling heat exchanger to bc usod in Ihc first
embodiment, and I'IG 2(b) is a perspective view of tbe same
heat cxchangcr; and FIG. 2(c) is a transvcrsc section of the
same hea& exchanger;

FIG. 3(a) is a Mollicr diagram illustrating thc operations
ol' system of. the prior art, aml FIG&. 3(b) is a Mollier
diagram illustrating the operations of the first embodiment;

FI(i. 4(ii) is a refrigerating cycle diagram showing a
second embodiment of the present invention, and ILIG. 4(b)
is a Mollier diagram shoiving Lhe operauons of the second
embodiment;

FIG. 5(a) is a rcfrigcrating cycle diagram showin a third
4 embodiment of the present invention, and I'IG 5(b) is a

Mollicr diagram sho&ving thc operations of thc third eml&odi-
ment;

FIG. 6(a) is a rcfrigcrating cycle diagram showing a
fourth embodiment of the present invention, and FIG 6(b)

&ii is a Mollier diagram showing the operations of the fourth
embo&hment;

l&I(L 7(a) is a refrigerating cycle diagram shoiving a fifth
cmbodimcnt of thc present invention, and FIG. 7(b) is a
Muller diagram showmg the operations of the fifth embodi-
ment;

I&IG. 5 is a refrigerating cycle diagram showing a sixth
embodiment of thc present invention;

FIG. 9 is a diagram enumerating the operaung slates of
valves in thc sixth cmbodimcnt;

40
FIG. 10(a) is a rel'ngerahng cycle diagram showing a

seventh embodiment of the present mvention, and I'IG
10(b) is a Mollier diagram showing the operations of the
seventh embodiment;

44 FIG. 11 is a refrigerating cycle diagram sho&ving an oighth
embodiment of the present invention;

FIG. 12 is a rcfrigcrating cycle diagram showing a ninth
embodiment of Lhe present invention,

ll(L 13 is a refrigerating cycle diagram showing an
Si& eleventh embixlimenL of the present invention;

ll(L 14 is a front elevation of an air conrlitioner control
panel to bc used in thc eleventh embodiment,

I'I(L 15 is a characteristic diagram of all the operation
regions of a tcmpcraturc control lever in the air conditioner
control panel of I'IG 14;

FIG. 16 is a characteristic diagram illustrating a cooling
region of. the same temperature control lever;

l.l(i. 17 is a characteristic diagram illustrating a dehu-
midifymg region of the same temperature control lever,

FIG. Ig is a charactenstic diagram illustrating a heaung
region of the same temperature control lever;

FIG. 19 is a diagram for cxplainin ~ valves to bc used in
the eleventh embodiment;

FIG. 20 is a Molher diagram illustrating the rel'ngeraung
cycle in thc clcvcnth embodiment in comparison with thc
prior art;



FIG. 21 is a rcfrigcrating cycle diagram showing a twelfth
embodiment of the present invention;

PIC&. 22 is a refngerating cycle &hagram sho&vm a thir-
teenth embodiment of the present invention;

I&IC&. 23 is a relri crating cycle d&agram sho&ving a four-
teenth embodiment of the present invention,

I ICI. 24 is a rcfrigcratin cycle diagram sho&ving a fif-
teen&h ombodiment of the present invention,

FIG. 25 is a diagram for explaining thc operations of
valves to be used m the iifteenth emlxuhment; and

FICi. 26 is a Mollier diagram illustraung the refrigerating
cycle in the fifteenth embodiment in companson with the
prior art.

DL&TAII.ED DL'SC.RIPTION OF PRL'SENTI Y
PRL'I'ERRI.D LMBODIMLNTS

The embodiments of the present invention will be
dcscribcdi with rcfcrcncc to thc accompanying drawings in
which the same reference numerals designate the same or
similar parts.

First Embodiment

FIG. 1 shows a first embodiment in which the present
invention is applied to an air conditioner for an electric car.
An air conditioner unit I is an indoor unit which is mounted
in the compartment of the electric car, and its air condition-
ing duct 2 I'orms an air conditioning duct for iniroducing the
conditioned air into the. compartment. The air condit&oning
duct 2 is equipped at its one encl side with inlet ports 4 and
5 I'or inhalmg the inside and outside a&r. The &nsule air mlet
port 4 and the outside air inlet port 5 arc opcnc&t/closed by
an ins&de/&&ursula air changing &k&or 6

Adjacent to the inlet ports 4 and 5, there is arranged a
blower 3 for blowing the air into the air condiuoning duc& 2
'I'his blower 3 is composed of a motor 3&& and a centrifugal
fan 3b to be driven by the motor 3a In the other end side of
the air conditioning duct 2, on the other hand, there are
formed a plurality of air outlets communicating with thc
inside of the compartment, that is a face outlet 7 for blowing
thc conditioned air toward the upper half of the passenger in
the compartment; a font outlet 8 for blowing the conditioned
air toward thc fcct of thc passen cr in the compartment; and
a defroster outlet 9 for blowing the c&mditioned air onto the
inner face of thc windshield of the vehicle. The air passages
of these outlets 7, 8 and 9 are opened closed by doors 10 to
12, respcctivcly.

In the air con&htioning duct 2 downstream of thc air fiow
of the blower 3, on the other hand, there is arranged an
indoor heat exchanger 22 for the refrigerating cycle. This
mdoor heat exchanger 22 exchan es the heat between the
refrigerant in the refrigcrafin cycle and the air to cool or
heat the air.

Thic refrigerating cycle of l&K&. I is made as a heat pump
type refngeratmg cycle for cooling and heating the inside of
the compartment by thc indoor heat cxchan cr 22, and is
prov&ded w&th the follow&ng devices in addition to the indoor
heat exchanger 22.

Specilically, the refrigerating cycle is further provided
with a refrigerant compressor 20; a solenoid four-way valve
21 for changing thc fiows of rcfri erant between thc cooling
time and the heating time; an outdoor heat exchan er 23 for
exchanging thc heat with the outside air, as blown from an
electr&c outdoor fan 23n; an accumulator 24 performing
functions to separate the vapor and liquid of thc rcfri crant
and to reserve the liquid refngerant, a pressure regulator 25

for expanding the rcfrigcrant under a reduced prcssure;
check valves 26a to 26c, heat exch angers 28n and 28b acung
as coolers for coohng heating parts 30n anal 31lb mounted on
the vehicle; pressure regulators 27&& and 276 for reducing the
pressure and expandmg the refrigerant to flow into the heat
cxchangcrs 28&& and 28h; and evaporation prcssure regulat-
ing valves (or throttle means) 29a and 29b for regulating thc
refrigerant evaporation pressures (or refrigerant evaporation
temperatures) of the heat exchangers 28» and 286.

Thc heating parts 30» and 30b are exempliiicd by the
semiconductor switching elcmcnts (or power transistors) of
the rotauonal speed controlling mverter ol'he (not-sho&vn)
AC'otor I'or running the electric car or the batteries
mounted on the vehicle. Fl(.IS. 2(a) through 2(c) show one
example of the specific structure of the heat exchanger 28&&

or 28b.
As shown in I'ICIS 2(a) throu h 2(c), the heat exchanger

Zga or 28/& has a box-shaped body case 280 forming the
refrigerant passage, and this body case 280 is provided at its
diagonal positions with a rcfrigcrant inlet 281 and a refrig-
erant outlet. 282. The refrigerant, as pressure-reduced and
expanded by thc pressure regulator 27» or 27b, llows into
the refrigerant inlet 281, and the refngerant, as has llown out
of the refrigerant outlet 282, fiows into the evaporauon
pressure regulating valve 29a or 296.

"5 An upper cover 283 oi'he b&xly case 280 is made ol'
metal having an excellent thermal conductivity such as
aluminum and is molded integrally v'ith fins 284 for pro-
moting thc heat transfer. These tins 284 also work as
partitions for partitioning the refrigerant passage in thc body

», case 280 in a me~ndering shape, as shown in FIG. 2(c). The
body case 280 is also made of a metal such as aluminum so
that the body case 280 and the upper cover 283 are bonded
gas-tight by hondir&g means such as soldering means

On the other hand, the heating part 30n or 306 is tixed on
the upper cover 283 by fastening means such as screws As
a result, the heat of the heatin part 30» or 305 can be
satisl'actonly transferred from the upper cover 283 through
the fins 284 into the refrigerant tlowing meandering in the
inside of the body case 280

&u The pressure regulator 27n or 27b is exempl&lied &n the
embodiment of I lti. I by a temperature actuated type
expansion valve I'or regulating the degree of superheat ol'he
refrigerant in the outlet side passag& of the heat exchanger
28n or 28b to a predetermmed level and has a temperature

45 sensing cylinder 27&&'r 27bi On the other hand, the
evaporation prcssure regulating valve 29n or 29b regulates
the refrigerant evaporation pressure of the heat exchanger
28n or 28/& so that thc refrigerant evaporation tcmpcraturc
may take a predetermined level matching the kind (or the

se k:vel of thc heating temperature) of the heating part 30&& or
3t)b, and is weil known m the prior art to regulate the
opening of the rcfri crant passage by its valve member
responding to the evaporation pressure.

Tbe aforement&oned refngerant compressor 20 is an elec-
tric compressor, in &vhich a not-shown AG motor is inte-
grally packaged in a sealed case, so that &t is driven hy the
motor to inhale, compress and discharge the refrigerant.
Moreover, the refrigerant compressor 20 is provided with: a
discharge port 20&& for discharging thc comprcsscd rcfrigcr-

ee ant; an intake port 20/& for inhalin the refrigerant at the
lower pressure side of the cycle; and a gas injection port 20c
for intectin the gas rcfrigcrant under an intermediate pres-
sure into midway of the compression stroke. This as
injection port 20c communicatcs with thc downstream sides
ol'he evaporation pressure regulating valves 29n and 296 by
way of a gas injection passage 20d having thc check valve
26c.



On thc other hand, the AC motor of the refrigerant
compressor 20 is supplied with an A('oltage by an inverter
40 so that its rotational speed can Llc continuously chan cd
by atljusting the frequency oi'he AC voltage by the inverter
40. This invcrtcr 40 is supplied with a DC volta c from thc
battery 41 mounted on the vehicle

Moreover, thc power to the invcrtcr 40 is controlled Lly an
air contlitiomng control unit 42, which is an electronic
control unit composed of a microcomputer and its peripheral
circuits so that it controls the switching of the four-way
valve 21 and the 1(PM of the blower 3.

To thc air conditioning control unit 42, thcrc are sensor
signal~ from an air conditioning sensor group 43 v'hich
includes an ambient tempcraturc sensor for rlctecting the
ambient temperature, an evaporator temperature-sensor for
tlctecting the air temperature just after blown from the
cooling evaporator ll, and a discharge pressure sensor for
dctectin the refri crant pressure (or a higher pressure of the
cycle), as discharged from the compressor 20. To the control
unit 42, thcrc are further inputtcrl air conditionin operation
signals from a group 44 of inthvitluel levers and switches of
thc air conditioning control panel, as disposed in the vicinity
of the driver's seat in the compartmont.

The operat(ons of the aforementmned construction will be
descnbed in thc following. If a hosting motle is set by the air
conditioning operation signals from Ihe air conrlitionmg
control panel, the compressor 20 is driven Lly thc control unit
42, and the refngerant is allowed to flow in the passage, as
indicated by solicl arrows in the refri crating cycle of I'l(1.
I, by Ihe four-way valve 21

Specifically, the gas refrigerant, as discharged from thc
compressor 20, fiows through the four-way valve 21 into the
indoor heat exchanger 22, in which it is condensed and
Iiquefied by exchangin ~ (or rclcasin ) the heat with thc air
blown by the blower 3. 'I'he hot air, as heated by the heat
rclcascd from thc gas refrigerant, is blown mainly from thc
foot outlet 8 into the compartment to heat the inside of the
compel'tmcnt.

Thc liquid refrigerant, having flown out of thc indoor heat
exchanger 22, is pressure-reduced and expanded into a
vapor-liquid two-phase state by the prcssure regulator 25
until it flows into the outdoor heat exchanger 23 In this
outdoor heat cxchangcr 23, thc liquid rcfrigcrant extracts the
heat of the blown air (or outsitie air) of Ihe outdoor lan 23(i
so that it cvaporatcs into a gas refrigerant. This gas refrig-
erant is inhaled by the intake port 20b of Lhe compressor 20
through the four-way valve 21 and the accumulator 24.

On thc other hand, thc rcmaimkr of thc liquid rcfri crant
having flown out ol'he indoor heal exchanger 22 is
pressure-rcduccd through thc check valve 26a into a vapor-
i(quid Lwo-phase state by Ihe pressure regulat(lrs 27n anti
27b until it is distributed betwccn thc two heat cxchangers
28a and 28b. This vapor-liquirl two-phase refngerant unrier
the mtermetliate pressure. extracts the heat from the indi-
virlual heating parts 30a anti 30b in the heat exchan ers 28n
anil 28b so that it evaporates and cools the individual heaung
parts 30aand 30b.

Tho gas rcfrigcrant having cvaporatcd in the heat
exchangers 28a and 28b passes the evaporation pressure
regulating valves 29a and 29b and then the gas injection
passage 20d having the check valve 26c unul it is mhaled
from thc as injection port 20c into thc compressor 20.

Herc, thc refrigerant flow rate to thc heat exchangers 28a
and 28b is so regulated that the refngerant at the exits of the
heat cxchan crs 28(i and 28b may take a prcdctcrmincd
degree of. superheat at the pressure regulators 27a and 27b
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macle of the temperature actuated type expansion valves. As
a result, only the gas refrigerant can be inhaled (or injecterl)
from thc gas intcction port 20c in the courso of the com-
pression process of the compressor 20. By the evaporauon

s prcssure rc misting valves 29a and 29b, morcovcr, thc
relrigerant evaporation temperatures of the heat exchangers
28a and 28b can bc sct indcpcndcntly of each other to
predetermined levels matching the kinds (or the levels of the
hcatin tcmpcraturc) of thc individual heating parts 30a anil

lo 3(ib

As a result, it is possible to prevent m advance the trouble
that Ihe healing parts 30a anil 30b are excessively cooled anil
bedelved on their surfaces to mduce their failures

In thc first cmbodimcnt, the aforcmcntioned operations
are performed at the heating time so that the individual
heating parts 30a and 30b can be cookd directly with the
hquid refrigerant in the heat exchangers 28a and 28b. As a
result, thc construction can be far more simplified than that
of Lhe cooling system of Lhe prior art having a cooling water

-" circulating circuit. At the same time, the heating capacity
can be elfectively improved.

The improving effect of this heating capacity w(11 be
described in detail with reference to FIGS. 3(a) and 3(b).
Ill(k 3(a) is a Mollier dia ram of the orthnary refogerating

os cycle of the prior art, and FIG. 3(b) is a Moflier diagram of
the refrigerating cycle ol the construction in which the heat
cxchangers 28a and 28b according to the present invention
are disposed upstream of the gas inlection passage 20d
communicating with the gas injection port 20c

lo
In the type of the orrlinary refrigerating cycle of the prior

art, in which the heat is extracted from the outside air by thc
outdoor heat exchanger (or evaporator) only, as the ambient
temperature lolvers at the heating time, the suction pressure
drops to increase the capacity to the rcfrigcrant so that the
circulation of the refrigerant to be inhaled by the compressor
20 decreases to lower thc heating capacity. Moreover, thc
reduction in the suction pressure increases the compression
ratio to invite an increase in thc compression power.

4o In the present embodiment, on the contrary, the flow rate
Gin of thc rcfri crant, as injected, is added to the flow rate
Gl of the refrigerant sucked by the compressor 20 so that the
refrigerant flow rate to the inrloor heat exchanger (or
contlenser) 22 increases. In the heat exchangers 28ri anil

45 28b, the v*aste heats of the individual heating parts 30a and
30b are recovered (or extracted) into the liquid refngerant
under the intermediate pressure so that the refrigerant under
the intermediate pre~sure is evaporaterl and injected into the
compressor 20 As a result, the radiation of heat of the

;,I rcfri erant in thc indoor heat exchan er (or condenser) 22
can be mcreasetl to raise the heating capacity

Morcovcr, the rcfri crant under the intermediate pressure
is evaporated by the, waste heats of the intiividual heating
parts 30a and 30b and injected into thc compressor 20. Thc
refrigerant to be injemed mav be compressed from the
intcrmediatc to discharge pressures by thc compressor 20 so
that it nocti not be compressed from the suction to discharge
pressure, unlike the ordirlary cycle of the prior art. By the
heat extraction from thc individual heating parts 30a and

eo 30b, moreover, the amount of the gas refri erant to be
injected can Lie further increased.

Therefore, the average suction pressure in the compressor
20 can bc raised to lower the compression ratio so that the
compfcsslofl polvcf call Llc supprcsscli to ltlcfcasc a rcsultnlg
performance coeflicient. As a result, not only the heaung
capacity but also the cycle clficicncy can bc improved to
suppress the power consumption.



This suppression of thc power consumption in this com-
pressor 20 can contribute to an extension of &nileage of the
electric car pcr onc charge to provide high practical effects.

Next, when the coohng mode is set by the a&r condit&onmg
operation signals from thc air conditioning control panel, the
rel'rigerant is allowed to flow &n the broken arrows by the
four-way valve 21 in thc refrigerating cycle of FIG. 1.

Specilically, the superheated gas refngerant, as, dis-
charged from the compressor 20, at a high temperature and
under a high pressure flows through the four-way vale 21
into the outdoor heat exchanger 23, in which it exchanges
thc heat with thc outside air blown by thc outdoor fan 23a
so that the gas refrigerant is condensed mto a liquid. This
liquid refrigerant is partially prcssure-rcduccd and expanded
in the pressure regulator 25 and then flu&vs mto the indoor
heat exchanger 22. In this indoor heat exchanger 22, the
refrigerant extracts the heat from the blown air of the blower
3 and evaporatcs. The cool air, thus cooled by thc heat
extraction, is usually L&lown from the face outleL 7 into the
compartment to cool thc inside of the same. The gas
refrigerant having flown out of the indoor heal exchanger 22
is sucked throu h thc four-way valve 21 and thc accumulator
24 by the compressor 20.

On the other hand, the remainder of the liquid refri erant,
as liquelied in &he outdoor heat exchanger 23, lows through
the check valve 26b and &s pressure-regulated to the inter-
mediate prcssur&, by the pressure regulators 27a and 27b so
that it comes into the vapor-hquid two-phase sta&e, unt&1 &t is
distributed bet&veen the two heat exchangers 28a and 286. In
these heat exchangers 28a and 28b, the vapor-1&quid tivo-
phase refrigerant under the intermediate pressure extracts
the heat from the individual heating parts 30a and 3tib to
evaporate and cool the individual heating parts 30a and 30b.

At the cooling time, thcrcfore, the heating parts 30aand
30b can also be cooled so that they can always be cooled
with thc refrigerant only thcrcL&y to disuso the cooling water
mrculating system for coolmg the heating parts 30a and 30b.

Second Embod&ment

FIGS. 4(a) and 4(b) show a second embodiment, in which
the two heat exchangers 28a and 28b are arranged in series
with the refrigerant passage, although they are arranged in
parallel with the refngerant pa~sage in the lirst embodiment.
As a result, only one pressure regulator (or temperature
actuated expansion valve) 27 is &tisposed at the entrance of
the series circuit so that the flow rate of refrigerant at the exit
of the downstream heat exchanger 280 may be regulated to
have a predetermined degree of superheat

On the other hand, the vapor pressure regulator valves 29a
and 29b are d&sposed downstream of the tive heat exchang-
ers 28a and 28b, respectively, to set thc refrigerant evapo-
ration temperatures of the, heat exchangers 28a and 28b
indcpcndently. In thc present embodiment, howcvcr, thc
higher one 28a of the two heat cxchangers 28ri an&I 28b
necessarily has a higher refrigerant evaporation tcmpcraturc
higher than that of. Lhe downstream heat exchan cr 286.
I'hus, the heating part 30a, as required to have a higher
coolin tcmpcrature, is cooled by thc upstream of the hca&

exchanger 28a, and the heaung part 30b, as required to have
a lower-cooling temperature, is cooled by thc downstream
heat exchanger 28b. Reference numeral 27 des&gnates a
tempcraturc scnsin ~ cylinder of the pressure regulator (or
temperature actuated expansion valve) 27. The remaining
construction is identical to that of thc first cmbodimcnt.

In either of thc first and second cmL&odimcnts, the evapo-
ration pressure regulating valves 29a an&1 29b may be
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replaced by variable throttle devices (or flow rate control
valves) capable of adjusting the opening (or throttling) of the
rcfrigcrant passe c from thc outside so that the rofrigcrant
evaporation temperatures (or cooling temperatures) of the

s heat exchangcrs 28a and 28b may bc rcgulatcd according to
the heating temperatures (or calories) of the heating parts
30a and 30b.

Third Embodiment

io FIGS. 5(a) and 5(b) show a third embodiment, in which
the accumulator of the first and second embed&ments, as
posit&oned at the suction side ot'he compressor 20, &s

elm&inated audi replaced by a receiver (or vapor-liquid
separator) 240 disposed at the, higher pressure side of the
cycle to separate the vapor and liqu&d of the refrigerant and
to reserve the liquid rel'rigerant, so the so-called 'receiver
cycle's made.

In thc passage through which thc liquid refrigerant flows
from the receiver 240, there is disposed the pressure regu-

so lator 25 which is made of a tcmpcrature actuated type
expansion valve. Thc pressure regulator (or temperature
actuated type expansion valve) 25 has a temperature sensing
cylinder 25a in thc suction piping of thc compressor 20 to
adjust the flow rate of refrigerant so that the refrigerant
inhaled by the compressor 20 may take a predetermined
degree of superheat.

Moreover, thc passage at the exit side of thc pressure
regulator 25 &s branched l&y check valves 26d and 26e into
two L&ranches, onc of which is connected to thc indoor heat
exchanger 22 and the other of whu:h &s connected to the
outdoor heat exchanger 23.

Iiere will be descnbed the operauons ol'he third embodi-
ment. When the heating mode is set, the refrigerant is
allowed to flov,, as ind&cated by sob&I arrows, by the four-'ay valve 21 in the refrigerating cycle of I'i(i 5(a).

Spccilically, thc gas rcfri &rant, as discharged from thc
compressor 20, flows through the four-way valve 21 into the
indoor heat cxchan cr 22, in v,hich it exchanges (or
releases) the heat with the blown air of. the blower 3 so that
it is condcnscd and liqucfied. The hot air, as hcatcd by thc
heat release of &he refngerant, is blown mainly from the foot
outlet 8 into thc compartment to heat thc inside of thc same.

Herc, thc refrigerant having flown out of thc indoor heat

44 exchanger 22 flows through the checl valve 26a into the
receiver 240. Here, the refrigerant is separated into vapor
and liquid, and the liquid refngerant having flown out of the
receiver 240 is partially pressure-regulated and expanded
into ihe vapor-liquid two-phase state by the pressure regu-

o later 25 This pressure-regulated refngerant flows through
thc check valve 26d into the oukk&or heat exchanger 23. In
this outdoor heat exchanger 23, the refngerant extracts the
heat from the, outside so that it evaporates.

The gas refrigerant having evaporated in the outdoor heat
exchanger 23 &s sucked through the four-way valve 2 I by the
intake port 20b of thc compressor 20.

On the other hand, the remainder of the liquid refrigerant
having flown out of the receiver 240 is pressure-regulated to
an intermediate prcssure into thc vapor-liquid two-phase

eo state by the pressure regulators 27a and 27b unt&l &t is
distriL&uted between the two heat exchangcrs 28a and 28l&.

This vapor-1&quid two-phase refngerant under the mterme-
diate prcssure extracts thc heat from the individual heating
parts 30a anal 30b in the heat exchangers 28a and 28b so that
it evaporatcs and cools thc heating parts 30a and 30b.

Thc gas rofrigcrant bavin evaporated in thc heat
exchangers 28a and 28b flows through the evaporauon
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prcssure re ulatin ~ valves 29a and 29(& and then the gas
injection passage 20d having the check valve 26c unt&l it is
suckctl from thc „as injection port 20c into the compressor
20

In thc third cmbodimcnt, too, thc flow rate of rcfrigcrant
&s so regulated by the pressure regulators 27a anil 27b of Lhe

tcmpcraturc actuated type expansion valves that thc refri-
erant at Lhe exits of the heat exchangers 28a anti 28b may
take a predetermined degree of superheat As a result, only
Lhe gas retrigerant can be suckeil (or intected) into Lhe gas
injection port 20c. Moreover, the refrigerant evaporation
temperatures of Lhe heat exchangers 28a and 28b can be
independently set by the evaporat&on pressure regulating
valves 29a anil 29b to predetermined tcmpcraturcs matching
the kinds (or the levels of the heating temperature) of the
individual heating parts 30a and 30b.

When the cooling mode is set, the refrigerant is allowed
to flow along broken arrows by the four-way valve 21 in the
rel'rigerating cycle of FIG. 5 ((i).

Specifically, the gas refrigerant, as discharged from the
compressor 2(i, flows through ihe four-way valve 21 into the
outdoor heat exchanger 23, io which it exchanges the heat
with the outside air so that it condenses anil liquotiem This
hquid ret'rigerant tiows through the check valve 26b into the
receiver 240. The liquid refrigerant having flown out of the
receiver 241) is partially press-regulated and expanded into
thc vapor-liquid two-phase state by thc pressure regulator
25 Th&s pressure-reduced refrigerant flows through the
check valve 26e into the indoor heat exchanger 22.

In this inrloor heat exchanger 22, the refngerant extracts
the heat from the blown air of the blower 3 so that it
evaporates. The cool air thus cooled by th&; heat extraction
is usually blown from the face outlet 7 into the compartment
to cool the inside of the same. The gas refrigerant having
evaporated in the indoor heat exchanger 22 is sucked
through thc four-way valve 21 by thc intake port 20b of thc
compressor 211.

On thc other hand, the remainder of the liquid refrigerant
having flown out of the receiver 24(l is pressure-regulated to
thc intcrmctliatc prcssure into thc vapor-liquid two-phase
state by the pressure regulators 27a and 27b until &t is
distributed between the two heat exchangers 28a and 28b. In
these heat exchanger. 28(i and 28b, the vapor-liquid two-
phase refingerant under the intermed&ate pressure extracts
the heaL from the individual heating parts 30a and 30b so
that it evaporates aml miols the heating parts 30a and 30b
At the cooling time, too, the healing paris 30a and 30b can
be cooled so that the heating parts 30a and 30b can always
bc cooled with thc refrigerant only.

Fourth Embo&rliment

FIG. 6 shows a fourth embotliment in which the receiver
cycle according to the third cmborliment is mortifie At thc
refrigerant inlet portion of the receiver 240, there is disposed
a prcssure regulator 31 for regulating thc refrigerant to an
intermediate pressure. This refri orant un&ter the int&,rmedi-
ate pressure is separated into vapor aoil liquid in the receiver
240. Thc ss refrigerant thus produced is sucked throu h Ihc
check valve 26c into the gas inlection port 20c by the gas
injection passage 20e bavin a pressure regulator 32.

The liquid rcfri erant having been subjcctetl to thc vapor-
liquid separation in the receiver 240 is partially pressurc-
regulated by thc prcssure regulator 25 so that it is aflowcd at
the heat&ng fime to flow into Lhe outdoor heat exchanger 23
by thc chock valve 26d and at thc coolin time to flow into
the &minor heat exchanger 22 by the check valve 26e The

remainder of thc liquirl rcfri erant flows through a pressure
regulator 27 into a heat exchanger 28 to cool a heating part
30.

The pressure regulator 32 of Lhe gas injection passage 203
is made of suitable throttle means to throttle thc gas rcfri-
erant passage from Lhe receiver 240 thereby to tal e a
prcssure balance bctwecn thc two gas injection passages 20d
and 20e connected in parallel

According to the fourth emborliment, even by injectin
the gas refrigerant of the recetver 2411 directly, the difl'erence
in enthalpy between the refrigerants to flow through the
heating part cooling heat cxchangcr 28 and through thc
indoor heat exchanger 22 can be enlarged (as illustrated in
FIG. 6(b)) to improve thc cycle cfhcicncy better.

I&ilth Emb(aliment

ll(iS. 7(a) and 7(b) show a fifth emborliment, in v'hich
thc heat exchanger 28 of the heating part 30 and an evapo-
ration pressure regulaiing valve 29 are interposett in series

-" between thc exit side of the pressure rc ulator 31 anil thc
refrigerant inlet of Ihe receiver 240 in the receiver cycle of
FI(i. 6(a).

As a result, Ihe heating part 30 can be cooled with thc
refrigerant which has been pressure-regulated to an inter-

"&
mediate pressure by Ihe pressure regulator 31. Aft&,r having
c(sited the heating part 30, the refri erant tlows thmugh the
evaporation pressure regulating valve 29 into the receiver
241), &n which &I is subjected to a vapor-1&quid separation.
The gas refrigerant is sucked into the gas injection port 20c

sf&
by the gas mjecuon passage 20e having the check valve 26c

'I'he evaporation pressure regulatin valve 29, as locatcil
downstr&;am of the hest exchanger 28 of the heating part 30,
regulates the refrigerant pressure in the heat exchanger 28 to
rc ulate thc rcfri crant evaporation tcinpcrature in the heat
exchanger 28.

Sixth Embodiment

ll(i. 8 shov s a sixth embodiment, m which the refriger-
ating cycle is made as a heat pump cycle for dehumidifying
heating operations and in which the construction of the air
conrlitioner unit 1 is modificrl.

llere will be stressed these mod&tied portions. 'I'he air
conrlitioncr unit 1 is proviilcd at one encl side of thc air

4& con&it&oning tluct 2 with the ins&de air intake port 4, the
outside air intake port 5, thc inside,'outside air changing door
6 for opening,'closing ihe int.al e ports 4 anil 5, and an inside
air intake port 4a opened at all times.

Thc blower 3 is cquippcd with thc tivo centrifugal fans 3b
;,& anil 3b Lo be driven by the motor 3(i. In the air conditioning

duct 2 dov nstream of thc blower 3, thcrc is disposed a
cooling evaporator 22ri. This cooling evaporator 22a is an
indoor heat exchanger forming part of thc rcfrigcratin ~ cycle
and functions as a heat exchanger for dehumidifying and
cooling the air in the air comlitionmg duct 2 in the coohng
motte and in Ihe dehumidifying mode by Ihe heat extracting
act&on of the refiugerant tlowmg therein.

In the air conrlitioning duct 2 downstream of the cooling
evaporator 22a, on thc other hand, thcrc is disposed a

eo heating condenser 22b. I'h&s heat&ng condenser 22b is an
indoor heat exchanger formin part of Ihe refrigerating cycle
21 and Ihnct&ons as a heater for heaung the air &n the air
conditioning duct 2 in the heating mode and in thc dehu-
mitlifytng mode by the heat releas&ng act&on of. the refng-
crant flowing thcrcin.

On the other hand, the air passe c in thc air conditioning
duct 2 is separated by a partiuon 2a into a tirst air passage
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21& at thc side of thc foot outlet 8 and a second air passage
Zc at the side ol'he face outlet 9 and the defr&ister outlet 10
This halving of Ihe air passages 2b ancl 2c is carried out so
as to lighten the beatin load hy introclucing in winter tbe
inside air at a higher temperature into the air passage 2b at
the side of the foot outlet 8 from thc inside inlet 4a thcrcby
to I&low the hot air to thc fcct; and to prevent thc windshield
from frosting without fail by introducing Ihe outside air
having a low humidity into thc, air passage Zc at the side of
the clefroster outlet 10

A door 2d is provided for openinksclosing the second air
passage Zc, ami a door Ze is prov&cled for opemneiclos&ng the
partition between the first anil second air passages 2b encl 2c

On the other hancl, thc rcfrigeratin ~ cycle is made as a heat
pump type refrigerating cycle for coolmg, heating encl
dehumichfying the inside of the compartment with the
cooling evaporator 22a and the heating evaporator 22b
Thus, thc construction of thc rcfrigcrating cycle is dflfcrcnt
in the following points from those of the fore oing Iirst to
fifth embodiments.

Specifically, the outkts of the check valves 26d and 26e
are made confluent and cnnnectecl to the refrigerant inlet
side of the outcloor heat exchanger 23, and there are addi-
tionally providecl solenoid valves 33a and 33b for switching
the running modes of the heat pump. I'he remaining points
of the refrigerating cycle are iclentical to those of the fourth
embodiment shown in FIC&. 6. Thus, tbc funclamcntal opera-
tions of the refrigerating cycle can be illustrated by a Mollier
diagram of I IG. 6(b)

Ilcrc will bc schematically clcscribcd the operations of thc
mdividual running modes of the present embodiment In the
coolin mode, the four-way valve 21 and thc solenoicl valves
33a ancl 33b are set in the state of the cooling mode of FIG.
9 by the control unit 42 so that the refrigerant flows along
broken arrows in the cooling cycle of FIG. 8.

Specilically, the superheatecl gas rel'ngerant, as dts-
charged from the compressor 20, at a high temperature and
under a high prcssure flows through thc check valve 26d into
the outdoor beat exchanger 23, in which it exchanges the
heat with thc outside air so that it concicnscs. Next, thc
refrigerant having flown out of the outdoor heat exchanger
23 is prcssure-regulated through thc chccl. valve 26b by thc
pressure regulator (or fixed throttle) 31, because the solenoid
valve 33a is closed, until it takes thc vapor-liquid two-phase
state un&ter the intermediate pressure.

Th&4 vapor-liqui&1 two-phase refrigerant under the inter-
mcdiatc prcssure flows into thc rcccivcr 240, in which it is
separated into a ~aturated gas relrigerant and a saturated
liquid refrigerant. Thc gas rcfrigcrant flows from thcgas
rel'rigerant exn over the receiver 240 into the pressure
regulator (or fixe throttle) 32, in which it is prcssurc-
regulated again, encl is suckecl by the gas injection port 20c
by way of thc gas injection passage 20e having thc check
valve 26c.

On ihe other hand, the liquid mfrigerant in the receiver
240 partially flows out of thc liquid rcfri crant exit, which
is opencci in the, vicinity of the bottom portion of the receiver
240, and is pressure-regulated hy the prcssure regulator (or
thc tempcraturc actuated type expansion valve) 25 until i&

flows through the. solenoicl valve 33b mto the evaporator
22a. In this evaporator 22a, the rcfri erant extrac&s the heat
I'rom the blown air of the blower 3 and evaporates. The cool
air, as cooled by the evaporator 22a, is usually blown from
the face outlet 7 into the compartment to cool the inside of
thc same.

The gas refrigerant having evaporatccl in the evaporator
22a is sucked into the intake port 20b of the compressor 20.

At ttus time, thc temperature of the rcfri orant, as sucked in
the compressor, is detected by the temperature sensing
cylinder 25a, which is disposed at thc refrigerant intake
passage of the c&impressor 20, is sensed and transmitted to

s thc prcssure regulator (or the temperature actuated type
expansion valve) 25. As a result„ the pressure regulator 25
adjusts thc flow rate of the rcfrigcrant to flow into thc
evaporator 22a so that the refrigerant to be suckecl into &he

compressor may take a prcdctcrmined dcgrcc of supcrhcat.
On Ihe other hand, the remmn&1er of the liquid refngerant

in the receiver 240 flows through the pressure regulator (or
the temperature actuated type expansion valve) 27 into the
heat exchanger 28 so that it extracts the heat from the
heating part 30 ancl evaporatcs. As a result, the heating part
30 &s cooled.

Next, in the heating mode, thc four-way valve 21 and the
solenoid valves 33a and 33b are set in the heating mode of
FIG. 9 by the control unit 42 so that the refrigerant flows
along so&lid arrows in the refrigerating cycle of HG. S.

"0
Specifically, the gas refrigerant, as clischarged from tbe

compressor 20, flovis through the four-way valve 21 into thc
condenser 22b at Ihe compartment side, in which
cxchangcs (or relcascs) thc heat with thc blown air of thc
blower 3 and condenses. The, hot air, as heat&xi by the heat

"s rclcascd from thc gas refrigerant, is blown mainly from thc
foot outlet S into the compartment to heat the inside of the
same

Then, thc refrigerant having flown out of the conclenser

sn
22b is pressure-regulated Ihrough the check valve 26a by the
pressure regulator 31 so that it takes a vapor-liquid two-
phasc stale uncter an intermediate pressure.

This vapor-liquid two-phase refrigerant uncler the inter-
mediate pressure flows into the receiver 240, in which the
separated gas rcfri crant flows from thc gas rcfri erant exit
over the receiver 240 throu h the pressure regulator 32. In
this prcssure rcgukltor 32, the «as rcfrigcrant is prcssurc-
regulated again and is then sucked into the gas injection port
20c through thc as injection passage 20e having thc check
valve 26c.

On the other hand, the liquid refrigerant in the receiver
240 partially flows out of thc liquid rcfrigcrant exit and is
pressure-regulated m the pressure regulator (or the tempera-
ture actuated type expansion valve) 25 until it flows through

44 the checl valve 263 into Ihe oukloor heat exchanger 23. In
this outdoor heat exchanger 23, the refrigerant extracts the
heat lrom the outsicte air and evaporates. The gas refrigerant,
as evaporated in the outcloor heat exchanger 23, is suckecl
through the solenoicl valve 33a into the intake port 20b of the
compressor 20

On thc other hand, thc rcmaimkr of thc liquid rcfri crant
in the receiver 240 flows Ihrough Ihe pressure regulator (or
thc tcmpcraturc actuated type expansion valve) 27 into thc
heat exchanger 28 so that it extracts the heat from the
heating part 30 and evaporates. As a result, the heaung part
30 is cooleci.

Next, in the dehumidifying mocle, the four-way valve 21
and the, solenoid valves 33a and 33b are set in the, state of
the clehumiciifying mode of HG. 9 by &hc control unit 42 so

so that the refngerant flows along smgle-dotted arrows m the
refrigeratin cycle of FIG. S.

Specilically, thc gas refrigerant, as discharged from the
compressor 20, flows through the four-way valve 21 into the
conclcnser 22b at thc compartment siclc, in which it
exchanges (or releases) Ihe heat with the blown air ol'he
blower 3 and cvaporatcs. Thc rcfri orant having flown out of
the c&lnclenser 22b is pressure-regulated through Ihe check
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valve 26a by the pressure regulator 31 so that it takes as
vapor-liquid two-phase state under an intermediate pressure

This vapor-hquid two-phase refrigerant under the inter-
mediate pressure flows into the receiver 240, in which the
separated gas rel'ngerant (iowa from the gas refingerant exit
over the receiver 240 through the pressure regulator 32. In
this prcssure rcguh&tor 32, the «as rcfrigcrant is prcssurc-
regulated again and is then sucked into the gas injection port
20c through thc as injection passage 20e having thc check
valve, 26c

On the other henri, the hquitl rehagerant m the receiver
240 partially flows out of the liquid refri erant exit of the
receiver 240 and is pressure-regulatetl by the pressure regu-
lator (or the temperature, actuated type expansion valve) 25,
until it flows through the open solenoitl valve 33b into the
evaporator 22a At this time, the solenoid valve 33a is closed
so that thc refrigerant, as prcssure-rcgulatcd by thc prcssure
regulator (or the temperature actuated type expansion valve)
25, will not flow to thc outcloor heat cxchangcr 23.

Tbe refri erant having flown into the evaporator 22a
extracts the heat (rom the blown air of the blower 3 and
evaporates uf&tll it is sucl ed into tlte compressor 20

At the dehumidifying time, as describetl above, the refrig-
erant flows both the evaporator 22a and thc condenser 22b,
as disposetl in the indoor air contlitioner unit 1, so that the
blown air of thc blower 7 is cooled and dchumirlificd at first
by the evaporator 22a anil then heatetl again by the con-
denser 22b Ilere, the amount of heat release of the refrig-
erant in the condenser 22b is the summation of the amount
of heat extraction in the evaporator 22a and the power
consumption of the compressor 20 so that the air tempera-
ture at the blown side of. the condenser 22b is higher than the
intake air temperatures of the inlets 4, 4a and 5. As a result,
the heating opera(ion can be performed simultaneously with
the dchumirlifying operation.

The improvements in the cooling and heating etfects of
thc heating part 30 are itlentical to those of the first to fifth
embodiments

Seventh Limbodiment

FIGS. 10(a) and 10(b) show a scvcnth cmbodimcnt, in
which the present inventitm is applied to the relrigerating
cycle not to bc changctl to thc heating mode but cspccially
for the cooling motte, although the heal pump cycle capable
of changing thc cooling and heating morlcs has bccn
descnbcd in connection with the first to sixth emborliments.

In the seventh cmborlimcnt, to thc downstream side of thc
condenser 23 or the outdoor heat exchanger, there are
conncctcd in parallel thc heat cxchangcrs 28a, 28b and 28c
acting as coolers of the heating parts 30a, 308 anil 30c
through the pressure regulators (or the tempcraturc actuated
type expansion valves) 27a, 27b and 27c. At the rlownstream
side of the heat exchangers 28b and 28c, there are disposed
the evaporation pressure regulating valves 29b and 29c, the
downstream sides of ivhich are made confluent at pomt Z.

Moreover, this contluent point Z is connected to the. gas
injection passage 20d having the check valve 26c. The
confluent point Z is lhrther connected through a commum-
cation passage 34 to the refrigerant entrance of the accu-
mulator 24. As a result, thc gas injection passe c 20d is
parallel to the communication passage 34, which is equipped
with a soknoid valve (or valve means) 33d for connecting/
disconnecting the refrigerant flow

On the other hand, thc downstream side of the condcnscr
23 is connected in parallel with the rel'rigerant passages of

the heat cxchangers 28a, 28b anil 28c and through a solenoid
valve (or valve means) 33c anil the pressure regulator (or the
temperature actuated type expansion valve) 25 with the
evaporator 22 or the indoor heat exchanger 'I'his evaporator
22 is disposed in the air conditioning duct 2 of the air
conrlitioner unit 1, as shown in FIG. 1 anil thc like, although
not shown in FIG. 10(a), so as to cool thc blown air of thc
blower 3 and accorilingly the inside of the compartment. The
refrigerant tlownstream side of the evaporator 2 is made

io
confluent with the downstream side of the solenoid valve
33d and connectetl with the refrigerant entrance ol the
accumulator 24. The remaining construction of the refrig-
eratin cycle is identical to that of the first embodiment
shown in FIGS. 1 to 3.

llere will be described the operations of the seventh
embodimont. When thc cooling mode is sct, thc solenoid
valve 33c is opened by the air conditioning control unit 42,
but the soletm&id valve 33d is closetl As a result, the
refrigerant flows along solid arrows in the refrigerating cycle
of HG. 10(a).

Specifically, the superheated gas refrigerant, as dis-"0

chargctl from thc compressor 20, at a high tempcraturc anil
under a high pressure, flows into the condenser 23, in which
it cxchangcs thc heat with the outside air bloivn from thc
outdoor fan 23a so that it condenses and liquefies.

"s
This hquid refiagerant is partially pressure-regulated

through thc open solciioicl valve 33c to a low prcssure by the
pressure regulator 25 aml then flows into the evaporator 22.
In this evaporator 22, the refrigerant extracts thc heat from

3(i
the blown air in tho air contlitx&ning duct 2 (as shown in FIG.
I) so that it evaporates. The cool air thus cooled by this heat
extraction is usually blown from the faco outlet 7 (as shown
in FIG I) into the compartment to cool the inside of the
same.

Moreover, the gas refrigerant bavin ~ tlown out of thc
evaporator 22 is sucked through the accumulator 24 into the
intake port 20b of thc compressor 20.

On the other hand, thc remainder of thc liquid refrigerant,
as liquefied by the condenser 23, is pressure-regulated to an

4o intcrmcdiatc prcssure into a vapor-liquid two-phase state by
the pressure regulators 27a, 27b and 27c until it is distrib-
uted between the heat cxchangers 28a, 28b anil 28c. This
vapor-liquid two-phase refrigerant under the intermediate
prcssure extract thc heat from thc heating parts 30a, 30b and

44 30ti, respectively, in the heat exchangers 28a, 28b and 28c
so that it cvaporatcs and cools the individual ht;ating parts
30ii, 30b anil 3(tm

The gas refrigeran(s having evaporated in the heat
cxchangcrs 28a, 28b and 28c pass through the evaporation

;,& pressure merge at the confluent point Z after having passed
through thc evaporation prcssure regulating valves 29b anil
29c. At. this time, the solenoid valve 33d is opened, the gas
refrigerant flows froin thc contluent point Z through thc
check valve 26c and is sucl ed through the gas injection
passage 20d into the gas injection port 20c of the. compressor
20.

FIG. 10(b) is a Mollicr ihagram illustrating tho opcratu&ns
of the aforementioned refrigeratin cycle, the detailed
description will bc omitted because it is basically identical

so to that of the. Iirst embodiment ol'IG. 3(b)
L'ven when no cooling operation is required as in winter,

the heating parts 30a, 30b and 30c can be cooled.
Specifically, while the cooling motle is unusetl, the solenoirl
valve 33c is closed by thc air contlitionin control unit 42
whereas the solenoid valve 33d is opened. As a result, the
rcfrigcrant flows along broken arrows in thc rcfrigcrating
cycle of FIG& 10
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Specifically, the superhcatcd gas rcfri erant, as dis-

charged from the compressor 20, at a high temperature and
under a high prcssure flows into the condcnscr 23, in which
it exchanges the heat with the outside air blown Irom the
outdoor fan 23a so that it condcnscs and liqucfies.

'I'his liquid refrigerant is pressure-regulated into a vapor-
liquid two-phase state wholly by thc prcssure rogu la tora 27a,
27b and 27c, because the solenoid valve 33c is closed, until
it is distributod among the heat exchangcrs 28a, 28b and 28c.
In the heat exchangers 28a, 286 and 28c, as described above,
this vapor-liquid two-phase refrigerant extracts thc heat
from the heating parts 30a, 30b and 30c and cools the same.
I'hc gas rcfrigcrant having cvaporatcd in thc heat cxchangcrs
28a, 28b and 28c flows through the evaporation pressure
regulating valves 29b and 29c and then merge at thc con-
fluent point Z. Since the solenoid valve 33d is open at this
time, thc as rcfri crant flows from thc conflucncc point Z
through the communication passage 34 so that it is sucked
through thc accumulator 24 into thc intake port 20b of thc
compressor 20. Thus, while Ihe, cooling mode, is unused, the
heating parts 30a, 30b and 30c can also be cooled ivithout
faiL

In the cooling dcdicatcd cycle shown in I'IG. 10(a),
therefore, the heating parts 30a, 30b and 30c can always be
cooled with the refrigerant only, to disuse thc cooling water
circulatin system for cooling the hearing parts 30a, 30b and
30c.

The remaining construcuons, operations aml effects are
wholly identical to those of thc first cmbodimcnt.

Eighth L'mbodiment

FIG. 11 shows an eighth embodiment which is diflerent
from the seventh embodiment in that the accumulator 24 to
be disposed at the intake side of the compr&,ssor 20 is
eliminated and in that the receiver 240 for separatmg the
vapor and liquid of the rcfri &rant to reserve thc liquid
refrigerant is disposed in place at the downstream sale (or at
thc high prcssure side of thc cycle) of the condenser 23, thus
malung the so-called "receiver cycle'. The remaining
constructions, operations and cflccts arc wholly identical to
those of the seventh embodiment.

Ninth Embodiment

I lfi. 12 shov.s a ninth embodiment, which is modified
from thc eighth embodiment such that thc prcssure regulator
31 made of a hxed throttle is mterposed between the
downstream side of thc condcnscr 23 and the upstream side
of the receiver 240 to set the inside of the receiver 240 to an
intermediate prcssure. Moreover, there is provided thc gas
injection passage 20e for guiding out the gas refrigerant, xs
separated from the gas refrigerant in the receiver 240, and
this gas injection passage 20e is equipped with the pres~ure
regulator 32 (which is identical to thc prcssure rc ulator 32
of. FIGS. 6 and 8). This gas injection passage 20e is made
confluent with thc as injection passe c 20d which is
disposed at the downstream side of the heating parts cooling
heat exchangers 28a to 28c, so that it may communicate with
thc gas injection port 20c through thc check valve 26c.

In the ninth embodiment, therefore, in thc cooling mode,
the gas rcfrigerants coming from the two gas injection
passages 204 and 20e are made confluent and are injected
into the compressor 20. According to the ninth embodiment,
thc gas rcfrigcrant in thc rcccivcr 240 can also bc directly
mjected Io enlarge (as illustrated tn FIG. 6(b)) Ihe enthalpy
difl'&rance bctwccn thc rcfri &'ants to flow through thc
heating part cooling heat exchangers 2ba to 28c and through

the evaporator 22 thereby to in&prove the cycle efliciency
hetter. Fhe remaining construction~, operations and efkcts
arc identical to those of the eighth ombodiment.

Tenth Embodiment

The foregomg iruiividual embodiments have been
dcscribcd in case thc cooling heat cxchangcrs 28a to 28c are
provided for the heating parts 30a to 30c, respectively. If the
heating parts 30a to 30c have approximate heating
temperatures, no problem ense& even if they are integrated.
'I'herefore, the integrated heating parts 30a to 30c may be
cooled by one cooling heat exchanger.

Eleventh Embodiment

llG. 13 shows an eleventh embodiment in which the
present invention is applied to an air conditioner for an
electuc car. An air conditioner umt l(hfl is mounted m the
compartment of thc electric car, and its air conditioning duct
102 forms an air conditioning duct for introducing the

-" conditioned air into the compartment. The air conditioning
duct 102 is oquipped at its one, end sick with inlet ports 103,
104 and 105 for inhaling thc inside and outside air. Thc
inside air inlet port 104 and the outside air inlet port 105 arc
opened'closed by an inside,'outside air changing door 106

"5
Adjacont to the inlot ports 103 to 105, thcrc is arranged a

blower 107 for blowmg the air into the air conditionmg duct
102. This blower 107 is composed of a motor 107a and
centrifugal fans 107b to be dnven by the motor I(V/a. In the.

other encl side of the air conditioning duct 102, on thc other
&(I hand, there are I'ormed a plurality of'ir outlets commum-

cating with the inside of the compartment, that is: a foot
outlet 108 for blowing the. conditioned air toward the feet of
the passenger in the compartment; a face outlet 109 for
blowing the con&btioned ur toward the upper half of the

'assenger in the compartnient; and a defroster outlet 110 for
blowin thc conditioned air onto thc inner face of thc
wmdshield of the vehicle.

In thc air conditioning duct 102 dov, nstrc am of thc blower
107, on the other hand, there is disposed a coolmg evapo-
rator 111. This cooling evaporator 111 is an indoor heat
exchanger forming part of a relrigerating cycle 121 and
functions as a cooler for dchumidifyin and cooling the air
in Ihe air conditiorung duct 102 in the later-described
cooling mode and dehumidifying mode by thc hc&t extract-
ing action of Ihe refrigerant flowing therein

In the air conditionmg duct 102 doivnstream of the
cooling evaporator 111, on the other hand, there is disposed
a heating condenser 112. 'I'his heating condenser 112 is an

;,& indoor heat exchanger 22 forming part of the refrigerating
cycle 121 and I'unct(ons as a heater for heating the air in the
air conditionin duct 102 by the heat rclcasing action of the
rel'rigerant flowing therein.

On the other hand, the air passage in the air conditioning
duct 102 is separated by a partition 113 into a first air
passage 114 at thc side of thc foot outlet 108 and a second
air passa e 115 at the side of. the face outlot 109 and the
defroster outlet 110. This halving of the air passages 114 and
115 is carried out so as: to hghtcn thc heating load by

eo introducm in winter the mside air at a higher temperature
into the air passage 114 at thc side of the foot outlet 108 from
the inside. inlet 103 therebv to blow the hot air to the I'eet;
and to prevent thc windshield from frosting without fail by
introducin the outside ur having a low humidity tnto the air
passage 115 at thc side of thc dcfrostcr outlet 110.

A door 116 is provided for opcningrclosin thc second air
passage 115; a d&x&r 117 is provuled for openine'cl&&smg the
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partition between the first and second air passu es 114 and
115; and doors 118 to 120 are provided for opening/closing
thc air passages of thc individual outlets 108, 109 and 110.

The aforementioned refngerating cycle 121 is made. as the
heat pump type rcfrigeratin ~ cycle for cooling and heating
the inside oi'he compartment with Ihe cooling evaporator
111 and thc heating condenser 112, and is provided with thc
following devices in a&khtion to Ihe evaporator 111 and the
condenser 112

Specitically, the refingeratmg cycle 121 is further pro-
vided with: a refrigerant compressor 122; a solenoid four-
way valve 123 for changing thc flows of refrigerant; an
outdoor heat exchanger 124; a vapor-liquid separator 125
performing functions to scparatc thc vapor and liquid of the
refrigerant and to reserve the liquid refingerant; a tixed
throttle (or first pressure regulator means) 126 for prcssurc-
regulating the condensed refngerant at the higher pressure
side of the cycle, as introduced into the vapor-liquid sepa-
rator 125, to an interme&hate pressure (e.g., about 4 to 15
Kg/cm ); a tcmperaturc actuated type expansion valve (or
second pressure regulator means) 127; solenoid valves 128&i

and 128b; and check valve~ 129a to 129e. Thc hxed throttle
126 can be exempliticd by a throttle such as an orifice.

Of the functional parts to be mounted on the electr&c car,
on thc other hand, &here, is provided a cooling system 138 for
c&x&ling a heatmg part 133 This heating part 133 &s exem-
plified by a semiconductor switch clement (e.g., a power
transistor) of a rotational speed controlling mverter oi'n
electric car driving AC motor (not shoivn).

Th&s coolmg system 138 is equipped with a water refrig-
erant heat exchanger 132 arranged in thc vapor-liquid sepa-
rator 125, an electric water pump 134 for circulating the
coolin water; a three-way valve (or water circuit changing
means) 135 of solenoid valve type, a radiator 136 for
radiating the heat of the cooling water into the outside air;
and water passages 137 and 137a to 137d. By the changing
action of the three,-way valve 135, the cooling water, as
heated by thc heating part 133, is delivered to cithcr thc
water cooler heat exchanger 132 or the radia&or 136.

1)&e outdoor heat exchanger 124 is arranged outside of the
compartment of thc electric car so that it may exchange thc
heat with the outs&de air which is blown by an electric
outdoor fan 124a. Morcovcr, thc refrigerant compressor 122

an electric type compressor which packages the not-
shown A('otor in its sealed case so that it is driven by the
moior to inhale, compres~ and discharge the refngerant.

The A('okir of the refrigerant compressor 122 is
supplied with an AC voltage by an inv&rter 130, which
adtus(s the frequency of Ihe AC voltage to change the
rotational spccd of thc motor continuously. Thus, thc
inverter 130 makes RPM adjusting means of thecompressor
122 and is supplied with a DC voltage from a car-mounted
battery 131.

The refrigerant compressor 122 is provided with. a dis-
charge port 122a for discharging thc compressed refrigerant;
an intake port 122/i for inhaling the evaporated refrigerant a&

the lower pressure side of the cycle; and a gas injection port
122c for injecting the gas rcfrigcrant, as scparatcd in thc
vapor-liquui separator 125, under the mtermediate pressure
This gas injection port 122c has communication with a as
rei'ngerant exit 125a over the vapor-hquid separator 125 by
way of a gas injection passage 122d having the check valve
129e

In a refrigerant intel e passage 122e connected to the
intake port 122b, on thc other hand, there is disposed a
temperature sensing cylimier 127a of the temperature actu-

ated type expansion valve 127, the opcnin ~ of which is so
adlusted &hat Ihe degree ol superheat of the refingerant in the
intake passage 122e may take a predetermined value. On the
other hand, the power to the inverter 130 is controlled by an
air conditioning control unit 140.

'I'his air con&btioning control umt 140 is an electronic
control unit which &s composed of a microcomputer and &ts

peripheral circuits to control the changing action of the
four-way valve 123 and thc ON;OI&F of thc solenoid valves
128a and 128b. In the present embodiment, the four-way
valve 123 and the solenoid valves 128a and 128b constitute
the "route. changing means I'or changmg refngerant circu-
laung routes'*.

To the control unit 140, there are inputted thc sensor
signals of. an a&r condnioning sensor group 141 including. an
ambient temperature sensor for detecung Ihe amb&ent tem-
perature, an evaporator temperature sensor for detecting the
tenqierature of the air just bio&vn from the coohng evapo-
rator 111; and a discharge prcssure sensor for detecting the
pressure (or the higher pressure of the cycle) of the refrig-

-" erant dischar ed from thc compressor 121.
Thc si nels from thc individual levers and switch group

150a of an air comhtioning control panel 150 (as shown in
FIG. 14), as disposed in the vicinity of thc driver * s scat in the
compartment, are also inputted to the control unit 140.

"s
The electric connect&ons w&th the a&r cond&tion&ng control

unit 140 are not shown in FIG. 13, but thc operations of the
doors 104, 126, 117, 118, 119 and 120, the blower 107, the
outdoor far& 124a, thc water pump 134 and thc three-svay

so
valve 135 are also controlled liy the control unit 140.

'I'he air condit&oning control panel 150, as shown in FIG.
14, is cquippcd with the following control members to lic
manually operated by the passenger. Reference numeral 151
designates a temperature control lever for setting a target
value of thc temperature of the air to bc blown into the
compartment. In this embodiment, the control lever 151 is
constructed to sct thc target value of thc RPM to bc adjusted
of the electric compressor 122 In response to the target
value sct by thc operation position of thc temperature control
lever 151, moreover, Ihe acuons of ihe four-way valve 123
and thc solenoid valves 128a and 128b arc controlled to
change the running modes of Ihe refrigerating cycle. By
moving thc operation position of thc lcvcr 151 rightward
from the lefthand side, as shown in FIG. 15, i& is possible &o

set thc cooling mode, thc dehumidifying mode and thc
heating mode sequenbally.

By moving the operat&on posinon of the temperature
control lever 151, as shown in FIGS. 16, 17 and 18, the
target temperature of the air to be bkiwn from the evaporator
is set at the cooling t&me, and the target h&gh pressure is set
at the dehumidifying time arui the hosting time.

The operation position signal of the temperature control
lcvcr 151 is inputted to thc control unit 140, and thc control
unit 140 controls the RPM of the compressor 122 and the
blown a&r temperature so &hat the actual temperature of the
blown air of the evaporator or thc actual high pressure, as
detected by the sensor group 141, may be equal to the
aforcmcntioned target value.

Reference numeral 152 designates a speed change lever ol'.

eo the blower 1(17; numeral 153 an a&r cond&tioner switch for
turning ON&OFF thc run of the compressor 122; numeral
154 a cond&tioned a&r l&low mode changing lever for
opening/closing thc outlet changing doors 118 to 120; and
numeral 155 an inside/outs&de air changing lever for
opening/closing thc inside&outside air changing door 106.

Herc will lic described the operations of the aforemen-
tioned construction. When the air conditioner switch 153 &s
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turned ON, its signal is inputted to the control unit 140 to
start thc compressor 122. When the temperature control
lever 151 is opcratcd from position PC1 up to position PC2
of FIGS 15 and 16, the cooling mode is set In this cooling
mode, thc four-way valve 123 and thc solenoidal valves 128a
anal 128h are set into the state of the cooling mode ol'IC&.
19 by thc control unit 140 so that thc rcfrigcrant flows on a
route, as indicated by arrows C, in the ref&ugerating cycle of
FIG. 13.

Specihcally, the superheated gas refrigerant, as dis-
charged from thc compressor 122, at a high temperature and
under a hi h pressure flows through the four-way valve 123
and thc check valve 129h into thc outdoor heat exchanger
124, in which it exchanges Ihe heaL with the outside air
blown by thc outdoor fan 124a and condcnscs. Next, thc
refrigeranL having flown out ol the oufiioor heaL exchanger
124 is pressure-rcgulatcd through thc check valve 129d into
the vapor-liquid two-phase state under an intermediate pres-
sure by thc fixe throttle 126 because thc solenoid valve
128a ie closed.

This vapor-liquid t&vo-phase refrigerant under thc inter-
mediate pressure flows into the vapor-liquid separator 125,
in which it is separated into thc saturated gas refrigerant and
the saturated liquid refrigeranL. Th&, gas refrigerant flows
from thc gas rcfrigcrant exit 125a over thc vapor-liquid
separator 125 through the gas injection passage 122d and the
check valve 129e to thc gas injection port 122c, so that the
gas refrigerant under the intermediate pressure is injected
I'rom the port 122c to the port&on mnlv, ay of Lhe compression
stroke of the compressor 122.

On the other hand, the hquid refrigerant in the vapor-
liquid separator 125 ftows out of a vapor-liquid exit 125l&,

whwh &s opened m the vicimty of the bottom poruon ol'he
vapor-liquid separator 125, and is pressure-regulated by the
Lemperature actuated type expansion valve 127 until it flows
through the solenoid valve 128b into the evaporator 111. In
this evaporator 111, the rel'rigerant extracts Lhe heat from the
blown air of the blower 107 and evaporates The cool air, as
cooled by thc evaporator 111, is usually blown out of thc
face outlet 109 into the compartmm&t to cool the inside of the
same.

1)&e gas refr&gerant, as evaporated in the evaporator 111,
is inhaled from thc rcfrigcrant intake passage 122e into the
intake port 122h of the compressor 122. AL Ibis time, the
tcmpcraturc of thc refrigerant, as inhaled by the compressor,
is sensed by the temperature sensing cylinder 127a, which is
sct in thc refrigerant intake passage 122e, and is transmitted
to the expansu&n valve 127. As a result, this expansion valve
127 adjusts the flow rate of the refrigerant to flow into the
evaporator 111 so that the refrigerant into the &ompreseor
may take a predetermined degree of superheat

In the cooling systom 138 of the heating part 133, on the
other hand, the three-way valve 135 is then controfled to
close thc vvater passage 137a at thc side of thc water
refrigerant heat exchanger 132 but to open the water passage
137d at thc side of the radiator 136. As a result, thc cooling
water flows on the route, as in&heated by arrows C'. m FIG
13, into the radiator 136. Thus, the lost calorie, as generated
&n the heating part 133 and exchanged w&th the water, is
released to the atmosphere through the radiator 136.

Thus, at thc cooling time, thc lost calorie at the heating
part 133 is released through the radiator 136 to the atmo-
sphere to cause no advcrsc effect such as thc risc in thc
compress&on power, as might otherwise be caused by the
excessive increase in thc heat consumption at thc side of thc
refrigerat&ng cycle.

When the temperature control lever 151 is then operated
I'rom position PIII up to posit&on PII2 of FIC&S 15 an&i 18,
the heaung mode &s eet. In this heafing mode, Lhe four-way
valve 123 and the solenoid valves 128a and 128b are set in
the state of the heating mode of l&IG. 19 by the control unit
140 so that thc refrigerant flows on thc route, as indicated by
arrows ll, in thc rcfri crating cycle of 1&IG. 13.

Specifically, thc gas rcfrigcrant, as discharged from the
compressor 122, flows through thc four-way valve 123 into

,o the conclenser 112 at Ihe compartment side, in which it
exchanges (or releases) the heat with the, air blown from the
blower 107 and condenses. The hot a&r, as heated by the. gas
refrigerant, is blown mamly I'rom Lhe foot outlet 108 into the
compartn&ent to heat thc inside of the same.

Moreover, the refrigerant having flown out of the con-
denser 112 &s pressure-regulated through the check valve
129c hy the hxed throttle 126 into the vapor-liqmd two-
phasc state under an intermediate prcssuro.

Thus vapor-liquid two-phase refngerant under the inter-
mediate pressure tlows into the vapor-liquid separator 125,"0
in which thc scparatcd gas rcfrigcrant flows from the gas
refrigerant ex&t 125a over the vapor-1&quid separator 125
through thc gas injection passa c 122d and thc check valve
129e until it is sucked into the gas injection port 122c

On the other hand, ihe liquid refrigerant in the vapor-
liquid separator 125 flo&vs out of thc vapor-liquid exit 1256
and is pressure-regulated by the temperature actuated type
expansion valve 127 until it flows throu h thc check valve
129a into the outdoor heat exchanger 124 In this outdoor

&n
heat exchanger 124, the rcfrigcrant extracts thc heat from thc
blown a&r (or outsule air) of the outdoor fan 124a and
evaporates.

The gas refrigerant having cvaporatcd in the outdoor heat
exchanger 124 llo&vs through the &4&lenoid valve 128a until
it is inhaled from the refrigerant intake passage 122e into the
mtake. port 122b of the compressor 122.

In the. coohng system 138 of. the. heating part 133, on the
other hand, the three-way valve 135 is then controlled hy the
control umt 140 to open the water passage 137a at the side

4o of the water refrigerant heat exchanger 132 and to close the
v,ster passage 137d at the side of the rad&ator 136. As a

result, the cooling water tlows on the route, as indicated by
arrows H in FIG. 13, into thc water refrigerant heat
exchanger 132 Thus, the lost calone, as generated in the

45 hcatin part 133 and exchanged with thc heat of wator, is
extracted in the water refrigerant heat exchanger 132 by tbe
liquid refrigerant in the vapor-liquid separator 125. By thc
heat extraction of Lhe liquid refngerant in the vapor-liquid
separator 125, thc hcatin ability can bc cifcctivcly

;,& improved, as will be described in Lhe I'oflowing.
Next, when the temperature control lever 151 is operated

from position PD1 up to position PD2 of FIGS. 15 and 17,
the dehumidifying mode is seL. In this dehumidifying mode,
the four-way valve 123 and thc solenoid valves 128a and
1286 are set in the, state of Ihe dehumi&hfying morta of FIG.
19 by the control unit 140 so that the rcfrigcrant flows on thc
route, as indicated by arrows D, in the refri cretin cycle ol'.

FIC.&. 13.
Specificall, the gas rcfrigcrant, as discharged from thc

eo compressor 122, flows through the four-way valve 123 into
the condenser 112 at thc compartment side, in &vhich it
exchanges (or releases) the heat with the air blown by the
blower 107 and condenses. Moreover, the refrigerant having
flown out of thc condcnscr 112 flows through thc check
valve 129c and is pressure-regulated by the lixed throttle
126 into a vapor-liquid two-phase state under an intcrmc-
diate pressure.
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This vapor-liquirf two-phase rcfri erant under the inter-
mediate pressure flows into the vapor-liquid separator 125,
in which the gas refrigerant is separated Lo flow from the gas
refrigerant exit 125« over the vapor-liquid separator 125
through the gas iniection passage 122d and the check valve
129e until it is sucked into thc gas injection port 122c.

On the other hand, the liquid refrigerant in the vapor-
liquid separator 125 flov s out of thc vapor-liquid exit 125b
and is prcssure-regulated by the temperature actuated type
expansion valve 127 until it flows through the open solenoitl
valve 1280 into thc evaporator 111. Since thc solenoid valve
128« is closed at this time, the. refngerant, as pressure-
regulated by the temperature actuated type expansion valve
127, will not flow to the outrk&or heat exchanger 124

The reftngerant having flt«vn into the evaporator 111
extracts the heat from the blown air of the blower 107 until
it is inhaled into the compressor 122.

At the dehumidifying time, as described above, the refrig-
erant flows through the evaporator Ill and the condenser
112, as disposed in Lhe intloor air conti&boner unit 101, so
that the blown air of the blower 107 is at first cooled and
dehumithfied by the evaporator 111 anil then heatetl again by
the rx&ntlenser 112 Ilere, the calorie, as released I'rom the
refrigerant in the contknser 112, is Lhe summation ol'he
extracted calorie in the evaporator l1 I and the power
consumption of thc compressor 122 so that thc air tempera-
ture at the exit sitle of the condenser 112 is higher than the
tcmperaturc of the air to bc suckctl from thc inlet ports 103,
104 and 105. As a result, the heating operation can be
performed simultaneously v ith thc dchurnidifying opera-
tion.

In the coohng system 138 of the heatmg part 133, on the
other band, thc thrcc-ivay valve 135 is controlletl by thc
control umt 140 to open the water passage 137« at the side
of the water refrigerant heat exchanger 132 and to close the
water passage 137d at the s«le of the. radiator 136 so that the
cooling water flows on the route, as indicated by arrows D
in FIG. 13, into thc water rcfrigcrant heat exchanger 132. As
a result, the lost calorie, as enerated in the heating part 133
and exchanged with thc heat of water, is cxtractcd in thc
water refrigerant heat exchanger 132 by the liquid refriger-
ant in thc vapor-liquid separator 125. Thus, thc heating
capacity of the condenser 112 can be effectively improved as
at thc heating time by thc heat extraction to thc liquid
refrigerant.

Next, the improvement in the heating capacity at the low
outside tcmpcraturc accortling to thc feature of thc present
invention will be described w&Lh rel'erence Lo the Mollier
diagram of FIG. 20. In thc heat pump system of thc prior art,
if the ouaside temperature lowers at the heating time, Lhe

suction prcssure drops to cnlar c thc capacity to thc refrig-
erant so that a refrigerant circulaflon Gl to be inhaled by the
cornprcssor 122 is reducetl to lower thc heating capacity.
Moreover, the compression ratio is enlargerl by the rlrop in
the suction pressure. so that the temperature Td of the
refrigerant to be discharged by the compressor 122 rises to
the. temperature pomt 'I'I in a compressor protecung region,
as illustraterl in FIG. 20. For the protection of the compres-
sor 122, therel'ore, the compressor 122 cannot be used to its
maximum ability (or maximum RPMk

In orrler to solve this problem, the aforcmcntioneil prior
art have been investigated by malnng a gas mjection cycle
to return (or inject) thc gas refrigerant, as scparatcd under
Lhe intermediate pressure, to midway ol'he compression
stroke of the compressor 122.

According to this gas injection cycle, thc flow rate Gin of
the refrigerant, as gas-injected, is addetl Li& the flo&v rate G&1

of the refrigerant, as inhalerl by the compressor 122, anrf the
refrigerant, as compressed and heated halfway, can be
cooled with thc saturated gas rcfrigcrant, as injcctcd, so that
the compression capacity ol'he compressor 122 can be

s augmcntcd. As a result, thc compression workloul can bc
augmented to increase Lhe refrigerant heat release in the
condenser 112 thcrcby to incrcasc thc heating capacity.

In accordance with this incrcasc in thc heating capacity,
however, the compression power by the increase m the

io compression ratio increases to raise the power consumption
in the compressor 122. The most important subtect of the
electric car is to clongatc thc running tlistance for each
battery charging. Hence, the increase in the power consump-
tion is a serious problem to the electric car.

In thc present cmborlimcnt, on thc other hand, in thc water
refrigerant heaL exchanger 132 disposed in the vapor-liquid
separator 125, thc waste heat of thc heating part 133 other
than the air conthtiomng system is recovereil and extracteil
by thc liquid rcfri crant. Herc, thc heat is cxtractcil by thc
refrigerant in the. liquid phase so that the waste heal can be
efliciently recovered m the mode ol latent heat. Since the
waste heat is extracted by the liquid rel'rigerant under the
mtermediate pressure in the vapor-liquid separator 125, the
temperature of the saturatetl refrigerant rises to raise the
mtermediate. pressure so that the flow rate G&in of the mjected
rcfri crant can be incrcascd to incrcasc thc heat rclcasc of
the ref'rigerant in the contlenser 112 and accordmgly the
heating capacity.

As a result of thc risc in thc intcrmediatc prcssure, as
descwbed above, the average sucuon pressure in the com-
pressor 122 can rise to reduce the compression ratio so that
the compression power can be suppressed to increase the
resulting performance coefficient As a result, the effimency
ol'he cycle can be improved together w&th the heating
capacity while suppressing the power consun&ption

At the cooling time and at the dehumidifying tmie,
moreover, Lhe resulting performance coeflicient can be
raisetl to improve the performance by the gas injection into
the compressor 122.

40
Tv,elfth Embodiment

FILI. 21 shou s a twelfth embodiment, which is rlilferent
I'rom the eleventh embodiment m that the water refngerant
heat exchanger 132 is made separate of the vapor-liquitl

4& separator 125 anil is disposed outside of the vapor-hquid
separator 125. Specifically, in the bottom portion of the
vapor-liquid separator 125, there is atklit«&nally formed a
secontl liquitl refrigerant exit 125c, so that the liquid refrig-
erant in a refri crant piping 125d connecting thc second

sc liquid refngerant exit 125c and the upstream of the check
valve 129e is coolctl to vaporize by thc water refrigerant heat
exchanger 132, as disposed outside of the vapor-liquid
separator 125.

In thc twelfth cmbodimcnt, thcrcforc, there arc formed in
parallel a route for mtroducuig the gas refrigerant m the
vapor-liquid separator 125 from thc gas refrigerant exit 125«
into the gas injection passage 122d and a route for intro-
ducing thc gas refrigerant, as vaporized in thc water rcfri-
erant heat exchanger 132, inu& Lhe gas injection passage
122d, so that thc gas injection into the compressor 122 is
performetl via the parallel routes. The remaining
constructions, operations and ctfccts arc all identical to those
of the eleventh emborliment.

Thirteenth L'mbodiment

FIG. 22 shows a thirteenth embodiment, which is diifcrent
from the eleventh embodiment in that Lhe rath«&or 136 anil
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the passage changing three-way valve 135 arc eliminated in
the cooling system of the heating part 133 and in that a
closed circuit is formed for circulating the coolin water at
all times in Ihe water refrigerant heat exchanger 132.

In the thirteenth embodiment, more specifically, at the
coolin time, too, the lost calorie of the heating part 133 is
rccovcrcd by thc rcfri crant under the intcrmcdiatc prcssure
so that the compression workload increases due to the
increase in thc excess calorie to bc extracted at thc cooling
tune Ilowever, the heating part 133 can be cooled even if
the radiator 136 and thc passage changing three-way valve
135 are disuserl, so that the cost can be drastically lowered
by thc reduction in thc number of parts.

The operations and effects ol the improvement of tbe
capacity at Ihe heating ume are irlentical to those of the
eleventh and twelfth embodiments

Fourteenth L'mL&odiment

FIG. 23 shows a fourteenth emborlimcnt, which is diflbr-
ent from the twelfth embodiment in that the radiator 136 and
thc passage changin ~ thrcc-way valve 135 arc eliminated in
the cooling system of the heating part 133 so that the cooling
water may always L&c circulated in thc water rcfrigcrant boat
exchanger 132 As a result, the number of parts can be
rcduccd as in thc thirteenth cmbodimcnt.

In the fourteenth embodiment, the water refrigerant heat
exchanger 132 may L&e replaceif by a heat exchanger for
causing the refrigerant under the intermediate pressure to
cxchangc thc waste heat of thc heating part 133 directly.
'I'hus, the number of parts can be further reduced

I'iftecnth Embodiment

FIG. 24 shows a fifteenth cmborlimcnt. Any of the elev-
enth to fourteenth eml&orliments has been described on the
heat pump system which is equipped with the vapor-liquid
separator 125 for separating the vapor and liquid of the
rcfri crant under thc intcrmcdiatc prcssure. In thc fifteenth
embodiment, on the other hand, this separator 125 for the
vapor and liquid under thc intcrmcdiatc pressure is elimi-
nated and replaced by a vapor-liquid separator (as generally
called thc "accumulator") 250 which is conncctcrl to thc
intake port 1226 of the compressor 122 f(&r separating the
vapor and liquid of the evaporated rcfrigcrant at a lower
pressure side.

In accorrlancc with this vapor-liquirl separator 250 thus
providerl, the cycle construction is changed in the I'ollowing.
Specifically, the first prcssure regulator means for rceulating
the pressure of Ihe condenseil retiagerant aL Ihe higher
pressure side of the refrigerating cycle to an intcrmerliatc
pressure (about 4 Io 10 Kg/cm ) is exemplifieil in the present
embodiment by a tcmpcrature actuated type expansion valve
260. The refrigerant, the pressure ol'hich has been regu-
lateil to the intermediate pressure. al'ter having passeil
through the temperatureactuated type expansion valve 260,
is guided into the water refrigerant heat exchanger 132, m
which the gas refrigerant thus heated evaporaicd is turthcr
guided via the gas inlection passage 122d into the. gas
injection port 122c. Thc water pass;igc construction of the
cooling system 138 I'or circulaung the water (or medium) in
the water refrigerant heat exchanger 132 is identical to those
of FIG. 13 anil 21

The temperature actuated type expansion valve has a
temperature sensing cylinder 261 for sensing Ihe tempera-
ture of the rcfrigcrant to bc introduced into thc as injection
port 122c so that the degree of superheat ol'he refngerant

to bc introduced into the as injection port 122c may L&c

adjusted to a predetermined value.
In parallel with this temperature actuated type expansion

valve 260, moreover, there is connected a lixed throule 270
acting as second pressure regulator means, the downstream
sirle ol'which is connected through the check valve 129a to
thc upstream side of the outdoor heat cxchangcr 124. Down-
stream sirle of this outdoor heat exchanger 124, there are
arranged m parallel the solenoid valve 128n and a fixed

io throttle 271 acting as Ihird pre~sure regulator means. In
parallel with this fixed throttle, moreover, there is arranged
in parallel a solenoiil valve 128c.

Moreover, these fixed throttle 271 and solenoid valve
128c are conncctcrl with the upstream side of the evaporator
111. 'I he downstream stile of the evaporator 111 and the
downstream side of thc solenoid valve 128a are made
confluent anil then connected to the entrance 251 of the
vapor-liquid separator 250. A gas refrigerant exit 252 for
delivering the gas refrigerant in Ihe vapor-liquiil separator

-" 250 is connected through the refrigerant intal e passage 122e
to the intake port 122/& of the compressor 122. The remain-
ing points arc irlcntical or equivalent to those of thc clcventh
and twelfth emborliments of FIGS. 13 and 21, anil thc
descr&ption &vill be omitted by designating the same l&y the
identical rat erenco numerals.

Ilere will be descnbed the operations of the fifteenth
embodiment. At the coolin time, the four-way valve 123
and the solenoid valves 128u and 1286 are set in the state of
the cooling mode of I'Kl. 25 by thc control unit 140 so that

3(i the refrigerant flows on the route, as inilicated by arrows C
in IIG. 24.

Specifically, the superheated gas refrigerant, as dis-
charged from the compressor 122, at a high temperature anil
unrler a hi h prcssure flows throu h Ihc four-way valve 123
anil the check valve 1296 into the outdoor heat exchanger
124, in which it exchanges thc heat with thc outside air
blown by the outdoor fan 124n and condenses. Next, the
rcfrigcrant having flown out of thc outdoor heat cxchangcr
124 is regulaied to a low pressure by a Lixed throttle 271 (or
third prossurc regulator means), bccausc thc solenoid valves
128u and 128c are closed, until it flows into the evaporator
111.

In this evaporator 111, thc rcfrigcrant extracts thc heat

44 from Lhe blown air of the blower 107 anil evaporates The
cool air, as cooled by the evaporator 111, is usually blown
out of the I'ace outlet 109 imo the compartment to cool the
insirlc of the same.

Thc as rcfrigcrant having evaporated in thc cvaporatcil
111 flows into the vapor-liquid separator 250, in which the
vapor and liquid of thc rcfri crant arc separated so that thc
liquid refrigerant is reserved in the vapor-liquid separator
250 whcrcas thc gas refrigerant flows through the exit 252
and is suckerl from the refrigerant intake passage 122e into
the intake port 1226 of the compressor 122.

In thc cooling system 138 of thc heating part 133, on thc
other hand, the three-way valve 135 is then controflod by the
control unit 140 to close the water passage 137a at the side
of thc water rcfri crant heat exchanger 132 and to open thc

eo water passage 137d at the side of the radiator 136 so that the
cooling water flows on thc route, as indicated by arrows C
in FI(i. 13, mto the radiator 136. As a result, the lost euler&e,
as gcneratcd in thc heating part 133 and cxchan cil with thc
v,ster, is released from the radiator 136 into Ihe atmosphere.

Thus, at the coolmg time, the lost heat at the heating part
133 is relcascd L&y thc radiator 136 into thc atmosphere to
cause no adverse atfect such as the rise in the compression
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power duc to thc increase in the excess heat extraction at the
side of'he refrigerating cycle.

Next, at thc heating time, thc four-way valve 123 and the
solenoid valves 128n and 128c are set in the state ol'he
heaung mode of FIG. 25 by Lhe control unit 140 so that the
refrigerant tin&vs on the route, as mdicated hy arrows I I in
11G 24

Speciticafly, Lhe gas refrigerant, as discharged from Ihe
compressor 122, flows through the four-vvay valve 123 mto
the condenser 112 at the compartment side, in &vh(ch it
cxchan cs (or releases) thc heat v ith the air, as blown from
thc blower 107, and condenses. 'I'he hot air, as heated by the
heat release of thc gas rcfrigcrant, is blown mainly from the
I'oot outlet 108 into the compartment to heat the mside ol'he
same.

The rcfri erant having flown out of the condenser 112
flows into the temperature ac(usted type expansion valve
260 and thc fixed throttle 270 in parallel, so that the
relrigerant is regulated Io an intermediate pressure in the
tcmpcraturc actuated type expansion valve 260 but to a low
pressure in the fixed throttle 270. The refrigerant under the
intcrmcdiatc prcssure, as rcgulatcd liy thc tcmpcraturc actu-
ated type expansion valve 260, Ihen flows into Lhe water
refrigerant heat exchanger 132. At this time, in the cooling
system 138 of Lhe heating part 133, the three-way valve 135
is controlled by the control unit 140 to open the water
passage 137n at Ihe side of the water rel'rigerant heat
exchanger 132 and to close the water passage 137d at the
side of the ra&liator 136 so that Ihe cooling water flows on Ihe
route, as indicated by arrows II in I&ID 24, mto the water
refrigerant heat exchanger 132.

As a result, the lost calorie, as generated in Ihe heating
part 133 and exchanged &v(th the heat of the water, is
extracted by the aforementioned refrigerant under thc inter-
mediate pressure The gas refngerant, as evaporated liy this
heat extraction, is sucked through thc gas injection 122d and
the check valve 129e into the gas intection port 122c By
injecting the gas refrigerant under the intermediate pressure,
as cooled in Lhe water rel'rigerant heat exchanger 132, mto
the compressor 122, the heating capacity can be et(actively
improve by Lhe same reasomng as that of the I'oregoing
eleventh embodiment

On the other hand, the refrigerant, as regulated to a low
pressure by Lhe Lixed throttle 270, flows through the check
valve 129n into the outdoor heat exchanger 124. In this
outdoor heat cxchangcr 124, the refrigerant extracts thc heat
of the blown air (or outside air) of the outdoor fan 124e and
cvaporates. The gas refrigerant having evaporated in thc
outdoor heat exchanger 124 tlows through the solenoid
valve 128e into thc vapor-liquid separator 250, in which it
is separated into vapor and liquid until the gas refrigerant is
sucked into the intake port 122b.

Next, at thc dehumidifying time, thc four-way valve 123
and the solenoid valves 128a and 128c are set in the state of
thc dehumidifying mode of FIG. 25 by thc control unit 140
so that the refrigerant tlows on the route, as indicated by
arrows D in FIG 24. Specifically, thc as refrigerant, as
discharged from Lhe compressor 122, flows through the
four-way valve 123 into thc condenser 112 at thc compart-
ment side, in which iL exchanges (or releases) the heat with
the air blown from the bio&ver 107 and condenses. Moreover,
thc rcfri erant having flown out of thc condenser 112 flows
into the temperature actuated type expansion valve 260 and
thc lixed throttle 270 in parallel so that thc refrigerant is
regulated Io the mtermedtate pressure tn Ihe temperature
actuated type expansion valve 260 but to a low prcssure in
the lixed throttle 270.

The refrigerant, as regulated to the intermediate pressure
by the temperature actuated type expansion valve 260, then
flows into thc water rcfri crant heat cxchangcr 132. At this
ume, Loo, m the cooling system 138 of the heating part 133,

s thc three-way valve 135 is controllod by the control unit 140
to open Lhe water passage 137n at the side ol'he water
rcfrigcrant heat cxchangcr 132 and to close thc water pas-
sage 137d at ihe side of the radiator 136 so that the cooling
water flows on thc route, ss indicated by arrows D in FIG.

io 24, into the water refiugeranL heaL exchanger 132.

As a result, the lost calorie, as generated in the heating
part 133, is cooled by Ihe refngerant under the intermediate
pressure in the water refiugerant heat exchanger 132, and the
gas refrigerant, as evaporated liy this heat extraction, is
sucked through the gas mjection passage 122d and the check
valve 129e into the gas injection port 122c.

On the other hand, the refngerant, as regulated to the low
pressure by the fixed throttle 270, flows through the check
valve 129e into Ihe outdoor heat exchanger 124, in which it

-" extracts the heat from thc blown air (or outside air) of thc
oukloor fan 124n and evaporates. The, gas refrigerant having
cvaporatcd in the outdoor heat exchanger 124 tlows through
tho solenoid valve 128c into the evaporator 111 because thc
solenoid valve 128n is closed whereas the solenoid valve
128c is open.

'I'he refri erant havmg tlown into the evaporator 111

extracts the heat from thc blown air ol'. Lhe blower 107 and
evaporate&. Al'ter this, the refrigerant flows into the vapor-
liquid separator 250, in &vhich it is separated into the vapor

sfi and liquul until the. gas refrigerant is sucked into the intel e
port 1226 of the compressor 122

At the dehumidifying time, as described above, Ihe refrig-
erant flows into both the evaporator 111 and the condenser
112, as disposed in the indoor air conditioner unit 100, so
that the blown air of the blov er 107 is at first cooled and
dohumidificd by thc evaporator 111 and then heated again by
the condenser 112. Ilere, the heat, as released from the
refrigerant in the condenser 112, is the summation of thc
extractuin heai of the evaporator 111 and the power con-
sumption of thc compressor 112 so that thc air tcmpcraturc
at the outlet side of Lhe condenser 112 is higher than the
tcmperaturc of thc air sucked from thc inlet ports 103, 104
and 105. As a result, Lhe heaung operation can be performed
simultaneously with thc dehumidifying operation.

On the other hami, the losL calorie, as generated at the heat
exchanger 133, is extracted in the water refngerant heat
exchanger 132 by Ihe refrigerant under Lhe intermediate
pressure. By mjecting the gas refrigerant, as evaporated by

;,I this heat extraction, into the compressor 122, the dehumidi-
fying capacity can be etfectively miproved at at the heating
time.

FIG. 26 is a Moflier diagram iflustraung the cycle behav-
iors at thc heating time according to thc fifteenth embodi-
ment and corresponds to FIG. 20 of the, eleventh embodi-
ment so that thc heating capacity can bc effectivel
improved by thc same reasoning as that of. the description ol'.

FI(l. 20.
According, to the fifteenth cmbodimcnt, morcovcr, thc

eo intermediate vapor-hquid separator 125 in the eleventh to
fourteenth embodiments is replaced liy the vapor-liquid
separator (or accumulator) 250 connected to thc intake port
122b of thc compressor 122. At the cooling time, moreover,
thc refrigerant, as condcnscd by the outdoor heat exchanger
124, is neither regulated to the intermediate pressure not
injcctcd into thc compressor 122 but regulated as it is under
the low pressure an&1 guided intro the evaporat&ir 111. As a
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result, thc circuit having thc check valves 129c and 129d in
the eleventh to fourteenth embodiments can he eliminated to
simplil'y the cycle piping parks.

In the lii'teenth embodiment, there is pr&ivi&1ed in parallel
with the fixed throttle 271 acting as the third pressure
regulator means the solenoid valve 12gc which is opened at
the dehumidifying time to cause the refrigerant to bypass the
fixed throttle 271 and to flow into thc evaporator 111 thcrcby
to prcvcnt thc prcssure loss duc to thc fixed throttle 271.
However, the third pressure regulator means may be exem-
plified by an clcctric expansion valve in place of thc fixed
throttle 271, so that the pressure loss hy the third pressure
regulator means may be prevented hy forcibly keeping the
electric expansion vale in a fully open state at the dehu-
midifying time.

The present invention having been described above is not
limited to thc disclosed omhodimcnts but may hc modified
in various ways without departing from the spirit and scope
of thc invention.

What is claimed is: "0
1. A vohicular air conditioner system comprising.
an air conditioning duct provided at its one end with air

inlet ports and at its other end v'ith outlet ports into a
compartment of a vohicle;

a blower disposed in said air conditioning duct for blow- "s

ing air through said air conditioning duct from said
inlet ports to said outlet ports;

an imloor heat exchanger disposed in said air comiinoning
duct for exchanging the heat with said air;

an outdoor heat exchanger disposed outside of said air sin

con&huomng duct I'or exchanging the heat between an
outside air and a refrigerant;

a first pressure regulator interposed between said indoor
heat exchanger and said ouuloor heal exchanger for
regulating the pressure of said refrigerant;

a compressor having an intake port for inhaling the
reirigerant at the lower pressure side of a refrigerating
cycle, a gas mjection port for introducing the gas
relrigerant under an interme&hate pre~sure of the refrig-
eratmg cycle, and a discharge port f&ir dischargmg the 40

compressed refngerant;
a second pressure regulator for regulating the condensed

refngerant at a higher pressure side of the refrigerating
cycle to the intermediate pressure; 4"

a heat exchanger adapted to receive the refngerant under
the intermediate pressure and t&i cause the refngerant
under the intermediate pressure to extract ihe heat from
a heatmg part, as mounted on the vehicle, and to
evaporate; and

a gas injection passage for intr&ulucing the gas refrigerant,
as evaporated in said heat exchanger, into said gas
injection port,

wherein there is set at least a healing mode, in which said
indoor heat exchanger can act as a condenser, and a
cooling mode in which said indoor heat exchanger can
act as an evaporator.

2. A vehicular air conditioner system according to claim
I, wherein:

said secoml pressure regulator is an expansion valve I'or eo
controllin thc tlow ram of tho refri aran& so that the
refngerant may complete the evaporatton at ane. extt of
said heat cxchangcr.

3& A vehicular air conditioner system according to claim
1, whcrcin: &s

said vchiclc mounts thereon a plurality of said heating
parts;

32
a plurality of said heat exchangcrs are provided to corrc-

spond to said heating parts; and
throttle means for controlling thc evaporation temperature

of the refngerant is disposed at the exu side of said
plurality of heal exchangem.

4. A vehicular air conditioner system according to claim
I, further comprising

a vapor-liquid separator for separating the vapor and
liquid of the condensed refrigerant, ms introduced, at the
side of a hi her pressure of the refrigeratmg cycle,

wherein the liquid refngerant, as separated m said vapor
liquid separator, is partially introduced mto said first
prcssure regulator and into said second pressure regu-
lator.

5. A vehicular air conditioner system composing:
an air conditioning duct provided at its one end with air

inlet ports and at its other end with outlet ports into a
compartment of a vchiclo;

a blower disposed in said air conditioning duct for blow-
ing air through said air conditioning duct from said
inlet ports to said outlot ports;

an indoor heat exchanger disposed in said air conditioning
duct for exchanging the heat with said air;

an outdoor heat exchanger disposed outside of said air
conditioning duct for exchanging thc heat between the
outside air and a refrigerant;

a compressor having an intake port for inhaling the
refngerant at the lower pressure side of a refngeraung
cycle, a gas injection port for introducing the gas
rcfrigcrant under an intormcdiatc prcssure of thc refrig-
erating cycle, and a discharge port for discharging the
compressed rcfrigcrant;

a first prcssure regulator for rc misting thc condensed
refrigerant at a higher pressure side of the refrigerating
cycle to thc intermediate pressure;

a vapor-liquid separator for separating the vapor and
liquid of the intermediate pressure rel'rigerant regulated
by said first pressure rcguhstor;

a Iirst gas intectuin pmssage for introducing the gas
refiugerant, as separated hy said vapor-liquid separator,
into said gas injection port through a second pressure
regulator;

a third pressure regulator for regulatin the liquid
refugerant, as separated by said vapor-liquid separator,
to feed it to said indoor heat exchanger or said outdoor
heat exchanger,

a fourth pressure regulator for regulating the liquid refrig-
erant which is separated hy said vapor-liquid separator;

a heat exchanger adapted to receive the ret'rigerant, as
regulated by said fourth pressure regulator, and ki cause
it to extract the heat from the heating part, as mounted
on the vehicle, and to evaporate; and

a second gas injection passage for introducing the gas
refiugerant, as evaporated m said heat exchanger, into
said gas injection port,

whcrcin there is set at least a heating mode, in which said
indoor beat exchanger can act as a condenser, and a
coolin mode in which said indoor heat exchanger can
act as an evaporator.

6. A vehicular air conditioner system according to claim
5, wherein:

said indoor heat exchanger includes an evaporator dis-
posed in said air conditioning air passu c for cooling
said air, an&1 a condenser disposed at the downstream
sido of said air conditioning air passage for heating said
air,
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at the heating time, thc refrigerant circulatcs through said

compressor, said condenser, said first prcssure
regulator, said vapor-liquid separator, said third pres-
sure regulator anil saiil outdoor heat exchanger sequen-
tially;

at the coohng time, the reftngerant circulates through said
compressor, said outdoor heat exchanger, said first
pressure regulator, said vapor-hquiil separator, said
third pre~sure regulator and said evaporator sequen-
tially,

at the dehumidifying time, the refrigerant circulates
through said compressor, sairl condcnscr, said first
pressure regulator, said vapor-hquid separator, said
third prcssure regulator and said evaporator sequen-
tially;

at any of thc heating time, the cooling time and dchu-
miilifying lime, the gas refrigerant, as separated by said
vapor-liquid separator, is introduccrl through said sec-
ond pressure regulator via said lirst gas intection pas-
sage into said gas injection port; and

wherein the liquiil rel'rigerant, as separateil by said vapor-
liquid separator, is partially regulated by sairl fourth
pressure regulator anil then evaporated in said heat
exchanger so that the evaporated gas refrigerant is
introduced via said second gas injection passage into
said gas injection port

7. A vehicular air conditioner system comprising:
an air conditioning duct provided at its one end with air

inlet ports anil at its other cnd with outlet ports into a
compartment of a vehicle;

a lilowcr disposcil in said air conditionin ~ duct for blow-
ing air through said air conditioning duct from said
inlet ports to said outlet ports;

an indoor heat exchanger disposed in said air con(lihoning
duct for exchanging the heat with said air;

an outdoor heat exchan cr disposed outside of said air
conditioning duct for exchanging the heat between the
outside air and a refrigerant;

a compressor having an intake port for inhaling the
rcfri erant at the lower pressure side of a refrigerating
cycle, a gas injection port for introducing the gas
refngerant under an intermeiliate pressure of the refrig-
erating cycle, and a discharge port for discharging the
compressed refngerant;

a lirst pressure regulator for regulating the conilensed
refngerant at a higher pressure side of the refrigerating
cycle to thc intcrmcdiatc pressure;

a heat exchanger adapted to receive the intermediate
pressure relrigerant, as regulated by sa«1 first pressure
regulator, and to cause it to extract the heat from the
heating part, as mounted on the vehicle;

a vapor-liquid separator for separating the vapor anil
liquid of thc rcfri crant having cxtractcd thc heat in
saiil heat exchanger;

a third pressure regulator for regulating and feeding the
liquirl refrigerant, as scparaterl by saiil vapor-liquid
separator, to said indoor heat exchanger or said outiloor
heat cxchangcr, and

a gas injection passage for introducing the gas refri erant,
as separated m said vapor-i(qual separator, into saul gws
injection port,

whcrcin there is sct at least a heating mode, in which said
mdoor heat exchanger can act as a condenser, angl a
cooling mode in which said indoor heat cxchangcr can
act as ail evaporator.
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8. A vehicular air conditioner system composing:
an air conditioning duct provided at its one end with air

inlot ports and at its other cnd with outlot ports into a

compartment of a veh«:le;
a blower disposed in said air conditioning duct for lilow-

in air through said air conditioning duct from said
inlet ports to saiil outlet ports;

an evaporator disposed in said air conditioning duct for
cooling said air;

a condenser disposerl outside of said air conditioning rluct
1'or exchanging ihe heat with the outsiik air to condense
the refrigerant;

a first prcssure regulator intcrposcil between said con-
denser and said evaporator for regulating the pressure
of said rcfri erant;

a compressor having an mtake port for mhaling the
refri erant at the lower prcssure side of a refrigerating
cycle, a gas injection port I'or introducing the gas
refrigerant under an intermediate pressure of the refrig-
erating cycle, and a discharge port for discharging the
compressed refrigerant;

a second pressure regulator for regulating the refrigerant,
as condensed by saiil condenser, at a higher pressure
sirle to the intermediate pressure;

a heat exchanger adapted to receive the refrigerant under
the intermeiliate pressure and to cause the rebngerant
under the intermediate pressure to extract the heat from
a heaung part, as mounteil on the vehicle, and to
evaporate; anil

a gas injection passage for introducing the gas refrigerant,
as evaporated in said heat exchanger, into said gas
injection port.

9. A vehicular air conditioner system according to claim
8, further comprising

a vapor-liquid separator disposed at the exit side of said
conilenser for separaung the vapor anil liquiil of the
condensed refngerant,

wherem the hquid refrigerant, as separated m said vapor
liquiil separator, is partially introduced into said lirst
pressure regulator and mto said second pressure regu-
lator.

1(l. A vehicular air conditioner system according to claim
8, wherein:

a communication passage for causing the exit side of said
heat exchanger to communicate pith said intake port is
provided in parallel with said gas injection passage,

valve means lor interrupting the fiow of the refrigerant is
disposed in said communication passage and in the
refrigerant passage to said evaporator; and

whilo the cooling mode is unused, said he~ting part is
cooled by said heat exchanger by opening said com-
munication passago with said valve means and by
closmg the refngerant passage to said evaporator with
said valve means.

11. An air conditioner system to be apphed to a vehicle
mounting a heating part thereon, comprising:

an air conrlitioning duct provided at its one end with air
inlet ports and at its other end with outlet ports into a
compartment of a vchiclc;

a blower disposed in said air conditionin duct for blow-
ing air through said air conihuomng duct from said
inlet ports to said outlot ports;

an indoor heat exchanger disposed in said air conditioning
duct for exchanging the heat betv,een the air in said air
conditioning duct and the rcfri crant in the refrigerat-
ing cycle,
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an outdoor heat exchanger disposed outsiclc of saicl air
conditioning duct for exchanging the heat between the
outside air encl the refrigerant in said rcfri crating
cycle;

a compressor having an mtake port for inhahng the
refrigerant at the lower prcssure side of a refrigerating
cycle, a gas injection port for introducin ~ the gas
refrigerant under an intermediate pressure of the refrig-
erating cycle, and a discharge port for discharging thc
compressed refrigerant;

first prcssure regulator means for rcmilatin thc con-
densed ref'rigerant at a higher pressure sicle of saicl
rcfrigcrating cyclo to the intcrmccliatc prcssure;

a vapor-liquid separator for separating the vapor ancl
liquid of the intermediate pressure-refrigerant, as regu-
lated by said lira& pressure regulator means„

a gas injection passage for introducing the gas refrigerant,
as separated in said vapor-liquid separator, into said gas
injection port;

second pressure regulator means for regulating thc liquid
refngerant which is separated in saicl vapor-liquid
separator; ancl

heat exchanger means for causing sat&i intermediate pres-
sure refrigerant to extract the waste heat from said
heating part,

wherein at the heating time, the refrigerant circulates
through saicl mimpressor, sat&i indoor heat exchanger,
said first pressure regulator means, said vapor-liquid
separator, saicl scconcl prcssure rccnlator means and
said outdoor heat-exchan er sequentially, and the gas
refrigerant having cxtractccl the waste heat from said
heating part is introduced via said gas mjection passage
into said gas injection port.

12. A vehicular air concfitioner system according to claim
11, whcrcin:

saicl indoor heaL exchanger includes an evaporator dis-
posed in said air conditioning duct for coolin said air,
and a condenser disposed aL Ihe downstream side of
said evaporator in said air conclitionlng duct for heating
saicl air;

at the heating time, the refrigerant circulates through said
compressor, said indoor heat exchanger, said first pres-
sure regulator means, said vapor-liquid separator, said
second prcssure regulator means and said outcloor heat
exchanger sequentially, and (he gas refrigerant having
extracted the waste heat from saicl beating part is
introcluced via said gas infection passage into said gas
injection port;

at the cooling time, the refrigerant circulatcs through at
least said compressor, said outdoor heat exchariger, said
scconcl prcssure regulator means ancl said evaporator
sequentially; aml

at thc dchumidifyin time, thc refrigerant circuLstes
through at least said compressor, said condenser, said
seconcl pressure regulator nieans and said evaporator
sequentially.

13. A vehicular air conditioner system according to claim
11, wheretn

said heat exchanger means is adapted to exchange the heat
between thc medium, as hcatcd by said heating part,
ancl saicl intermediate pressure refrigerant

14. A vehicular air conditioner system according to claim
13, wherein:

said heat exchanger means is disposed in said vapor-
liquid separator amf is adapted to exchange the heat
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between said medium and thc liquid refri orant in said
vapor-liquid separator.

15. A vchicuLsr air conditioner aystom according to claim
13, v,herein:

said heat cxchangcr means &s clisposcci outside of said
vapor-hquid separator and is adapted Lo exchange the
heat between said medium and thc liquid rcfri &rant, as
separated in said vapor-liquid separator.

16. A vehicular air conditioner system according to claim
13, wherein:

a closed circuit for circ&ulating said mediuni at all times is
provided lictwecn said heating part and said heat
exchanger means.

17. A vehicular air conditioner system according to claim
13, further composing

a radiator connected to said heat exchanger means in
parallel with saicl heating part, anci

change means for changing the flow of said niedium
between said heat exchanger means an&i said radiator,

v'herein at the heating time, said medium is guided to said
heat exchanger means by saul change means.

lg. A vehicular air conditioner system according to claim
13, whcroin:

said second pressure regulator means is an expansion
valve for adjusting thc dc rcc of superheat of thc
refngerant to be introducecl into said in&ale port.

19. An air conclitioncr system to bc applied to a vchiclc
mounting a heating part thereon, comprising.

an air conditioning duct provicled at its one end with air
inlet ports and at its other end with outleL ports into a

compartment of a vehicle;
a blov cr disposed in said air conditioning duct for lilow-

ing air through said air conditioning duct from said
inlet ports to said outlet ports;

an indoor heat exchanger chsposed in said air conclitioning
duct for exchanging the heat fietween the air in said air
conclitioning duct and thc rcfrigcrant in thc rcfri crat-
ing cycle;

an outdoor heat exchanger disposed outside of saicl air
conditioning cluct for exchanging Lhe heaL between the
outside air and the refrigerant in said refrigeratmg
cycle;

a vapor-liquid separator for separating Lhe vapor and
liquid of the evaporated refngerant at a lower pressure
siclc of said refrigerating cycle,

a compressor having an intal & port for inhaling the gas
refrigerant, as separated by said vapor-liquid separator,
a gas injection port for introducing the gas refrigerant
under an intermediate pressure of the refngeratmg
cycle, and a ciischar e port f&ir diacliarging thc, com-
pressed refngerant;

first pressure regulator means for regulatmg the con-
cfcnscd refrigerant at a hi hor prcssure sicic of saici
refngeraung cycle to Lhe intermedtate pressure.;

heat exchanger means for exchanging the heat between
the intcrmcciiate pressure refrigerant, as regulated by
said first pressure regulator means ancf the medium, as
cooled by saicl heating part;

a gas injection passs e for introclucing the gas refrigerant,
as heated to evaporate by said heat exchanger means,
into said gas injection port;

second prcssure regulator means arranged in parallel with
said first pressure regulauir means I'or regulating the
condcnsc&l rcfrigcrant at a higher pressure side of said
refngeraung cycle,
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a radiator connected to said heat exchanger means in
parallel with said heating part; and

change means for changing the flow of said medium to
said heat exchanger means and said radiator,

wherein at the heatm ume, said metlium is guided by
said chan c means to flow to said heat exchanger
means, and the refrigerant circu latex through said
compressor, said indoor heat cxchan cr, said second
pressure. regulator means, said ouuloor heat exchanger
and said vapor-liquid separator sequentially, anil

wherem the rehugerant, as condensed m said indoor heat
exchanger is regulated to thc intermodiate prcssure by
saitl lirst pressure regulator means so that the interme-
rliate prcssure refrigerant is heated and evaporated into
the gas refingerant by saiil heat exchanger means, and
said as refrigerant is introduced via said gas injection
passage into said as injectton port.

20. A vehicular air conditioner system according to claim
11, wherein.

said indoor heat cxchangcr includes an evaporator dis-
posetl in saiil air c(inthtiomng tiuct for cooling said atr,
and a condcnscr disposed at thc downstream side of
said evaporator in sairl air conditionmg duct for heating
said air;

third pressure regulator means for regulating the refrig-
erant is disposed at thc upstream side of thc refrigerant
tlow of said evaporator;

at the heating ume, said medium is caused by said change
means to flow to said heat exchanger mean~, and the
refngerant circulates through saiil compressor, saitf
indoor heat exchanger, sairl second pressure regulator
means, said outdoor heat exchanger and said vapor-
liquid separator sequentially;

at the cooling time, saiil medium is caused Lo flow to said
radiator hy said change means, and the refrigerant
circulates through at leasL said compressor, sairl out-
door heat exchanger, said thirdl pressure regulator
means, said evap((rater anil said vapor-liquid separator
sequentially;

at the dehumidifying time, said medium is caused to fl(iw
to said heat cxchangcr means by sairl change means,
and the refingeranL circulates through at least said
compressor, said condcnscr, said second prcssure rc u-
lator means, said outiioor heat exchanger, said evapo-
rator and said vapor-liquid separator sequentially; anil

at sairl heating time and at saul dehumidifying time, the
refrigerant, as condcnscil in said condcnscr is rcgulatcd
to Lhe intermerliate pressure by said first pressure
regulator means so that thc intcrmctliatc prcssure
refrigerant is hruited and evaporated into a gas refrig-
erant by said heat exchanger means, anil said gas
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refrigerant is introduced via said as injection passage
into said gas inlection port

21. A vehicular air conditioner system accortling to claim
19, wherein:.

sand iirst pressure regulator means is an expansion valve
for adjusting the degree of superheat of the refrigerant
to be introtluced into said gas mjection port

22. An air conditioner system for an electric vehicle
comprising:

an air conditioning duct provided in a vehicle for provid-
ing a conditioned air into a vehicle compartment;

a first heat exchanger disposed in said air conrlitionmg
duct for conditioning air flowing thcrcthrough by a
refngerant supplied thereto;

a compressor having a discharge port lor rlischargmg at a
high pressure the refrigerant compressed thereby, an
intake port for inhalmg the refngerant at a low pressure
to bc comprcsscd and a as injection port for introduc-
ing the refngerant under gas condition at a pressure
intermediate said low pressure anil said high pressure;

a gas injection passage for introtiucing the ss refrigerant
under Ihe as condition mki said gas int ection port; and

a heating part mounted in saitl electric vehicle for elec-
trically controllin a running of said electric vehicle,
said heaung part being operatively coupled v,ith saiil
gas injection passe e so that waste heat generated by
said heating part is recovered by the refrigerant in saiil
gas injection passage.

23. An air contlitioner system according to claim 22,
further comprising

a secontl heat exchanger tlisposed outsitle of an connected
in series relation wflh sa«f lirst heat exchanger m said
air conditioning duct;

v, herein the gas injection passage is conncctcd in parallel
relauon with saiii second heat exchanger

24. An air conditiomng system according to claim 23,
further comprising.

an accumulator (hsposed l&etween said second heat
exchanger and said intake port of said compressor.

25. An air conrhtioning system according to claim 23,
further comprrsing

an accumulator conncctcd in series relation with said
heating part in said gas intectuin passage.

26. An air conditionin ~ system accortling to claim 23,
further comprising.

an accumulator connected in senes relauon with saiil
second heat exchanger anil said injection passage; anil

a closed passage includin said heating part therein anil
passing through said accumulator for heaL exchange in
said accumulator.
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