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AIR CONDITIONIN('YSTLrM IrOR
VFHICI.F.

CROSS RLI'L'RLNCL''0 RL'I.ATLD
APPLICATION

This application is based on Japanese Patent Application
Nos. 2004-54667 liled on Feh. 27, 2004 aml 2005-004450
filed on .Ian. I I, 2005, the disclosures of which are incor-
porated herein hy reference lc

FIELD OF THE INVENTION

This invention relates to an air conditioning system for a
vehicle, and more particularly tn an air conditioning system is
for a motor vehick, in which an internal combustion engine
for driving a compressor as well as thc vchiclc is temporarily
stoppetl when a certain condiuon is met, for example at a

vehicle stop.
zo

BACKGROUND OF THE INVENTION

In recent years, such a vehicle as an economical-runnin ~

vehicle, for example a hybr«l car, in which an operauon of
an internal combustion engme is temporarily stopped at a
vehicle stop in case of waiting for a change of a trafiic lamp,
is realized, in view of an environment protection, an
improvcmcnt of a fuel consumption ratio and so on. And a
demand for such vehicles is increasing.

In an air conditioning system fnr a vehicle, a compressor
for a refri crating cycle is operated hy an internal combus-
tion cnginc for thc vchiclc. As a result, thc operation of the
compressor is likcivisc temporarily stopped whcncvcr the
operation of the cnginc is stopped in case of waiting for a
change of. a traffic lamp. Then, a temperature at a coolin ~ ss
evaporator will be increased, and thereby a temperature of
air to he blown mto a vehicle passenger room ivill be
increased. Accordingly, a feeling nf a cooling operation for
the passcngcr would bccomc worse.

Ademaml lor an air comb(toning system of a cool storage ao

type has been therefore increased, wherem the air cond&-
tionin system comprises a conl storage means for storing
cooling energy during an nperation of an engine (and a
compressor) and a cooling operation is continued with the
stored cooling energy rluring thc operation of thc cn inc anil a-
the compressor is stoppcrl.

The air conditioning system of this kind is known in the
art, for example as disclosed in Japanese Patent Publication
No. 2000-313226. FIG. 22 is a schematic viciv showing the
air conditioning system corresponding to that shoivn in the o

above Japanese Patent Publication. In a refmgerating cycle
shown in FIG. 22, a compressor 1 m dnven by an engine of
a vehicle, and a cool storage heat exchanger 4U contaimn ~

therein cool storage matenal 40u is connected in parallel
with an evaporator 0 ss

An idectromagneuc valve 41 is opened dumng the engine
and the compressor I are operated, so ihat low pressure
refngerant depressunzed by an expansion valve 7 fiows in
parallel into the evaporator 0 and the cool storage heat
exchanger 40, to cool down the cool storage material 40u
and store thc cooling cncrgy in thc cool stora c material 40u.
When thc cnginc is stoppcrl and thereby thc compressor
stops its operahon, an electncally driven pump 42 is oper-
ated to circulate the relngerant in a closed cycle compruun ~

a liquid stonng tank 43, the electromagnetic valve 41, the as
electrically driven pump 42, the cool storage heat exchanger
40 and the evaporator 0

,178 B2

The gas-phase relmgerant evaporated in Ihe evaporator 0
is condensed hy the cooling energy of the cool storage
matenal 40u, and the condensed liquid-phase refrigerant is
supplied to the evaporator g, so that a cooling operatinn by
the air conditioning system can tic continued cvcn during thc
compressor operation is stopped

Thc electrically driven pump 42 sucks thc liquid-phase
refrigerant from thc liquid storing tank 43, shortly after thc
engine operation is stoppcrl, namely shortly after thc coolin
operation by Ihe coolin ~ energy of the cool storage heat
exchanger 4U has started. Since the electrically driven pump
42 is hlled with the liquid-phase refrigerant at the starting
periorl of the pump, a lost motion of the electrically driven
pump 42 can be avoided.

Accordin to another prior art, as disclosed in Japancsc
Patent Publication No. 2004-51077 (ivhich has been filed by
the same applicant Io the present invenuon), a cool stora e
heat exchanger 11, a liquid storing tank 1U, an electncally
ilnven pump 42 and a check valve Jg are connected as
shown in liIGS 23 and 24, and those compnnents are
arranged in a single tank designated hy a tive-dot-chain lines
in those drawings, so that the air conditioning system can bc
easily installed in a vchiclc.

In thc air conditioning systems shown in FIGS 23 and 24,
the cool storage ma(anal 11u lilled in the cool suorage heat
exchanger 11 is cooled down by the low pressure and low
temperature refrigerant depressurmed and expanded hy an
expansion valve 7 or hy an orifice 70 and thereby the cooling
energy is stored in the cool storage matenal Hu When the
engine and thc compressor are stoppcrl, thc electrically
rlnvcn pump 42 is opcratcd to supply thc cooled down
refngerant from Ihe, cool storage heat exchanger 11 Io an
evaporator g, so that the cooling operahon by the air
conditioning system is continued Reference numerals in
I'IGS. 23 and 24, which are not explained here, correspnnrl
to thnse elements or components explained below fnr the
cmhodimcnts of the prcscnt invention.

In the aliovc described prior art, thc clcctncally driven
pump, in which a mechanical pump is rlrivcn by an clcctric
motor, is used for circulatmg the refngerant Anti thereby, it
has a ihsadvantage in that a manufactunng cost is increased.
I'urthermnre, there are following disadvantages, in the case
that the electrically driven pump would be installed within
the hquid refri orant storing tank to improve an installin
process of the air conditioning system into a vchiclc:

(I) Since a liquid pump, such as a mechanical pump
ilnven by an elec(wc motor, can not generally pump out
gas-phase lluid, the liquid pump must be located in a

gas-hquid separating lank in such a manner that Ihe liquid-
phase fluid (refrigerant in this case) can be always predomi-
nantly supplied to the liquid pump. As a result, the manu-
facturing cost is incrcascd and an additional space for thc
gas-hquid scparatin tank is necessary.

(2) Since the electric motor is uscrl for driving thc
mechanical pump, the electnc wires for supplying electric
power to Ihe elec(wc motor are necessary, wherein the
electric wires connect the outside electrical pnwer source
with the electric motor disposed within the liquid storing
tank. As a result, thc wires must be clcctrically insulated
from thc tank and thc tank must bc hcrmctically scaled
bccausc of thc rcfrigcrant therein. Thc manufacturing cost is
therebv further increased.

(3) The electric motor must be disassembled I'rom the
liquid stomng lank, m the case that brushes will be replaced
hy new nnes due to the ivear The refngerant must he
removed from the refrigeratin cycle for such replacement,
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and the refngerant must be filled again inio the refrigeratin ~

cycle after the replacement is completed As a result, a
maintenance fee is increased

SUMMARY OF THE INVENTION

The present invenuon is minie in view of: the above
prnblems, and it is an object of the present invention to
prnvide an air conditioning system nf a cool storage type for
a vehicle. Thc air conditionin system of thc prcscnt invcn- ni

tion is simple in structure and low in manufacturing cost,
and further has an improved high durability anil reliability
by eliminating Ihe mechanical pump driven by lhe electnc
motor.

According to a fcaturc of thc prcscnl invention, as Is

cxplaincd hcreinaftcr in connection with a first cmbodimcnt
of thc prcscnt invention, a cool stomgc heat cxchangcr is
proviiied between a depressurtztn ~ means (an expansion
valve) aml an evaporator, so that relngeranl from a com-
pressor tlows through a condenser device, the expansion
valve, the cool storage heat exchanger and an evaporator,
and hack to the compressor, in a nnnnal cooling operation
during v.hich the compressor is opcratcd by an co~foe for a
vchiclc. In thc above normal cooling operation, cool storage
malenal contained in the cool storage heal exchanger is also
cooled down by lhe low pressure and lhe low temperature
refrigerant frnm the expansion valve, so that cnoling energy
is stored in the cool storage material

In thc air conditiomng system of the prcscnt invention, a
bypass passage is further provided between an inlet side of
the compressor aml an upstream side of: the cool storage heat
exchanger, and a dnving flow passage is also provided
betiveen an upstream side of the expansion valve and a
dmvnstream side of the cnol stnrage heat exchanger (but at
an upstream side of thc evaporator). And an cjcctor is
furthcrmorc provided in thc rlriving flow passa c, so that the
high pressure refngeranl from Ihe condenser device flows
into the elector throu h a high pressure inlet port of the
elector. The elector has further a sucuon port connected to
the down stream side of the cool storage heat exchanger, so
that the ejector sucks refngerant from the cool storage heat
exchanger and cfccts thc rcfrigcranl to Ihc evaporator by
mixing the refrigerant from thc condcnscr dcvicc and suckctl
refngeranl from the otol storage heat exchanger. A control
valve is further provided in the driving fiow passage, whmh
is controlled by an electronic control unn io open lhe dnvin ~

floiv passage, ivhen the engine operation (and the cnmpres-
sor operation) is stopped

According to thc above fcalurc of Ihc prcscnl invention, sn
the cooling energy stored in the cool storage matenal is used
for the cooling operation dunng ihe engine stop, and the
refrigerant is circulated by the ejector which operates m
accordance ivith a pressure difference in the refrigerating
cycle ss

Accorthng to another feature of lhe present invenuon, as
explained hereinafter in connection with a second embodi-
ment of Ihe present invention, an oullel side of Ihe elector is
connected to the upstream stile nf the cool storage heat
exchanger and the suction port of the ejector is connected to
an inlet side of thc compressor (namely, a downstream side
of thc evaporator) through a suction flow passage. Accord-
ing to Ihe feature, the normal cooling operation ts performed
in the same manner to that descrdied above, whereas the
refngeranl rs circulated from the cool suirage heat es
exchanger, the evaporator anil the ejector in the cooling
operation during the engine operatinn is stopped.

Accortling to a further feature of the present invenuon, as
explained hereinafter in connection with a third embodiment
of the present invention, the present invention can be applierl
to an accumulator cycle In the nnrmal cooling operation, the
refrigerant finivs from thc compressor, thc condenser dcvicc,
a hxcd orifice (instead of thc expansion valve rlcscribcd in
the above feature), lhe cool storage heat exchanger, the
evaporator, and an accumulator, and then back lo the com-
pressor. 'I'he ejector is connected at its high pressure inlet
port with the cnndenser device through the dnving tlow
passage, at its outlet port to the upstream side nf the
evaporator, and at its suction port to thc accumulator.
Accordingly, thc liquid-phase refrigerant is sucked into thc
elector from Ihe accumulator, and lhe refngeranl is circu-
lateil from the elector through the evaporator, lhe cool
storage heat exchanger and the accumulator As a result, the
cooling operation with the stnred cooling energy can be
hkewise performed in the accumulator cycle

Accordin to a still further fcaturc of thc prcscnt inven-
tion, as cxplaincrl hercinaftcr in connection with a fourth
embodiment of the present invention, the elector, the

evapor-

atorr and the cool storage heat exchan er can be connected
in series in the accumulatnr cycle. In such an arrangement,
the refrigerant tlows from the compressor, the conrlenser
device, a variable orifice (instead of the expansion valve or
the fixed orifice), thc cjcctor (thc high prcssure inlet port and
thc outlet port), thc evaporator, thc cool storage heat
exchanger, anti the accumulator, in Ihe normal cooling
operation. The suction port of. Ihe elector is connected lo Ihe
accumulator, so that the liquid-phase refnge rant is sucked by
the ejector from the accumulator and the refngerant is
circulated by the operation nf the ejector in a circuit of the
cfcctor, thc evaporator, thc cool storage heat cxchangcr and
the accumulator in thc operation tluring thc compressor
operation ts slopped.

Accortling to a soll further feature of: lhe present inven-
non, as explained hereinafter in connecuon with a filth
emboriiment of the present invention, a refrigerating, cycle
for the normal cooling operation is composed of the com-
pressor, thc condenser dcvicc, thc variable orifice, thc cjcc-
tor (thc high prcssure inlet port and thc outlet port), thc
accumulator (Ihe liquid-phase portion), the cool storage heat
exchanger, Ihe evaporator, the ejector (the suction port and
the outlet port) and the accumulator (the gas-phase portion).
And another refrigerating cycle for the operation with the
stored cooling energy is composed nf the ejector (the suction
port anti thc outlet port), the accumulator (thc liquid-phase
portion), the cool storage heat cxchangcr and thc evaporator.
Even with such an arrangement, lhe normal cooling opera-
non as well as Ihe coolm ~ operation with lhe sloretl cooling
energy can be performed in Ihe similar manner lo those
descnberi in the above features

According to a still further feature of the present inven-
tion, as explained hcreinaftcr in connection with a sixth
cmbodimcnt of thc prcscnt invention, a rcfrigcrating cycle
Rir the mirmal cooing operation can be composed of the
compressor, Ihe condenser device, the vanable onlice, the
elector (Ihe high pressure inlet port and the oullel port), ihe
evaporator, the accumulatnr (the gas-phase portion) Anil
another refrigerating cycle for the nperation with the storerl
coolin cncrgy can bc composcrl of thc cjcctor (thc suction
port and thc outlet port), thc evaporator, thc accumulator (thc
liquid-phase portion), the cool storage heat exchanger. Even
with such an arrangemenl, the normal cooling operauon as
well as the cooling operanon with the stored cooling energy
can be performed in the similar manner to those rlescribed in
the above features
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Accorihng to a sull lurther feature of the present mven-
tion, as explained hereinafter in connection with a seventh or
an eighth embodiment of the present invention, a refriger-
ating cycle for the normal cooling operation can be com-
posed of the compressor, thc condcnscr dcvicc, thc expan-
sion valve, the cool stora c heat cxchangcr, anil the
evaporator. Aml another refngerating cycle lor the operation
with the stored moltng energy can be composed of the
ejector (the suction port and the outlet port), the evaporator,
the bypass passage, the cool storage heat exchanger. Lven
with such an arrangement, the normal cooling operatinn as
well as thc cooling operation with thc stored cooling cncr y
can bc pcrformcd in thc similar manner to those dcscribcd in
the above features.

i5
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the prcscnt invention will liccomc more apparent from the
following dctailcd rlcscription made with rcfcrcncc to the zc

accompanying drawings. In the drawin s.
I'IG I is a schematic view of an air conrlitinning system

fnr a vehicle according to a first embodiment nf the present
invention;

FIG. 2 is a schemauc cross-secuonal view of an air
conditioning unit of the above first embodiment;

FIG. 3 is a cross-sectional view of a cool storage heat
exchanger of the prcscnt invention;

I'IG 4 is a schematic cross sectional view of an ejector of
the present invention, ic

FIG. 5 is a schemauc view of a relngeraung cycle of the
lirst embodiment showing a normal cooling operation;

I'IG 6 is also a schematic vieiv of the refrigerating cycle
of thc first cmbodimcnt shov ing a cooling operation with
stored cooling cncrgy;

I'IG 7 is a schematic view nf a mndified refrigerating
cycle nf the first embodiment;

FIG. 8 is a schematic vicv of a rcfrigcrating cycle of a
seconil embodiment showing a normal cooling operauon,

I'IG 9 is also a schematic vieiv of the refrigerating cycle sn

of the second embodiment showing a cooling operation with
stored cooling cncrgy;

FIG. 10 is a schemauc view of a relngeratm ~ cycle of a

third embodiment showing a normal cnoling operation;
FIG. 11 is also a schematic view of thc rcfrigcrating cycle

of thc third embodiment showing a coolin operation with
stored cooling ener 'y,

I'IG 12 is a schematic view nf a refrigerating cycle of a
fourth embodiment showing a normal cooling operation;

FIG. 13 is aLso a schemauc view of the refrigeraung cycle
of the fourth embodiment showing a coolmg operation with
stnred cnnling energy;

FIG. 14 is a schematic view of a refrigerating cycle of a
lifth embodiment showing a normal coohng operauon,

I'IG 15 is also a schematic view of the refrigerating cycle
of the fifth embodiment showing, a cnnling operation with
stored cooling cncrgy;

FIG. 16 is a schemauc view of a relngeratm ~ cycle of a

sixth embodiment showing a nnnnal cooling operatinn;
FIG. 17 is aLso a schematic view of thc rcfrigcrating cycle

of thc sixth cmborlimcnt showing a coolin operation with
stored cooling ener 'y,

I'IG 18 is a schematic view nf a modified refrigerating
cycle of thc sixth cmbodimcnt; 55

I'IG 19 is a schematic view nf a refrigerating cycle of a
seventh emborhment showing a normal cooling operatinn,

FIG 20 is also a schematic view of the refngerating cycle
of thc scvcnth embodiment showing a cooling operation
with storerl cooling energy;

FIG 21 is a schematic view of a rcfiugcrating cycle of an
eighth embodiment, and

FIGS. 22 to 25 arc schematic views rcspcctivcly showin
a prior art air conditioning system and refrigerating cycle.

DETAILED DESCRIPTION OF THE
PREI'LRRLII LMI3ODIMLNI'S

First Embodiment

The present invention will be explained below with
reference to the embodiments. I l(L I is a schematic view of
an air conditioning system fnr a vehicle accordmg to a hrst
emboriiment of the present inventinn 'I'he air conditioning
system is installed, for cxamplc in a hybrirl vchiclc, in which
an internal comliustion cnginc is opcratcrl or stopped
ilepending on a running mode of the vehicle, or in such a
vehmle having an economical-runnin ~ funcuon, in which an
operation of an internal combustion engine is temporarily
stopped at a vehicle stop in case of waiting for a change of
a traffic lamp

A refngerating cycle for the air condiuomng system
comprises a compressor 1 for sucking, compressing and
ihscharging a relngerant, wherein the compressor 1

equipped with an electromagnetic clutch 2 The compressor
I is operatively connected ivith an internal cnmbustion
engine 4 via thc clutch 2 and a belt 3, so that an operation
of the compressor I is controllcrl by thc clcctromagnctic
clutch 2 which is controlled by a control unit 5.

A super heated gas-phase refrigerant of a high tempera-
ture and a high pressure discharged from the compressnr I
flows into a condenser device 6 (a high pressure side heat
exchanger). Thc refrigerant is cooled down and condcnscd at
the condenser device 6 through heat cxchangc with ambient
air sent by a coohng fan (not shown). The condenser device
6 is a well known device composing a condensing portion
6u, a gas-liquid separator 6b for separating the refrigerant
flowing from the condensin portion 6a into a gas-phase anil
a liquid-phase refrigerants and storing the liquid-phase
refrigerant, and a super cooling portion 6c for super coolin
the liquid-phase refrigerant from thc separator 6b, wherein
those components 6u, 6b and 6c are integrally formed.

I'he super cooled refrigerant from the super cooling
portion 6c is depressurized by an expansion valve 7, oper-
atin as a depressurizing means, so that thc refrigerant
bccomcs two-phase ( as-phase and liquid-phase) refrigerant
of a low pressure. The expansion valve 7 is a thermal type
expansion valve, which adjusts an opening of a valve 7u
(refrigerant liow rauo) to control a degree of super heat of
the refrigerant at an outlet of an evaporator 8 In particular,
in this embodiment, a housing 7c of the expansion valve 7
is formed into a box-shape, and a rcfrigcrant passage 7b of
an evaporator outlet is formed inside of thc housing 7c, and
a tempcraturc sensing portion for thc rcfrigcrant of thc
evaporator outlet is integrally formed inside the housing 7r.

I'he evaporator 8 is a heat exchanger for cooling down the
air to be blown into the passenger room of the vehicle, by
evaporating the low pressure refrigerant dcprcssurizcd by
the expansion valve 7.

FIG 2 shows a schematic cross secuonal view of an air
conditioning unit 20 (AIC unit), which is generally installerl
in the vehicle behind an instrument panel A case 21 of the
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A!('mt 20 forms a paysage for the air flowing towarrl the
passenger ronm and the evapnrator 8 is arranged in the case
21

In the air conditiomng system nf the present invention, a
cool storage heat cxchangcr 11 is provided at an upstream
side of thc evaporator 8, wherein thc cool storage heat
exchanger 11 contains therein a cool storage matewal Lle
which is cooled down by a low pressure refngerant i rom the
compressor I rluring its operatinn

A blower 22, which comprises a centrifugal-type blower
fan 22e and a blower motor 226, is provided in the case 21
at an upstream side of thc evaporator 8. A switching box 23
is provided at an inlet side of thc bloivcr fan 22e anil a
switching door 23e opens anil closes an outmde aml an
inside air openings. An air mixing door24 is arrange!i in the is
case 21 at a doivnstream of the evaporator 8 anil a heater
core 25 is arranged at a downstream of the air mixing door
24 The heater core 25 is a hot water type heat exchanger for
heating thc air using thc hot water (engine cooling water)
from thc engine 4. zn

A bypass passe e 26 is formed a side portion of the heater
core 25, so that the air can bypass the heater core 25 without
being heated I'he air mixing door 24 is a dat plate door
pivoted to the case 21 for controlling a flow ratio of the air
Reiving through the heater core 25 (hot air) and bypassing
the hcatcr core 25 (cool air). Thc tcmpcraturc of thc air to be
blown into thc passcngcr room is thereby controlled by
adiusting the liow rano.

An air mixing chamber 27 is formed at a ilownstream of
the heater core 25 and the bypass passage 26, for mixing the
hot air from the heater core 25 and cnol air from the bypass
passe e 26 to form the air having a desired temperature A
blowing mode sivitching portion is formed at thc down-
stream of thc air mixing chamber 27. Thc switching portion
comprises a dei roster opening 28 for blowing the air toward ss
a front wimlshield of the vehicle, a lace opening 29 for
blowing the air towarrl an upper body of a passen er rn the
passenger room, and a foot opening 30 for blowing the air
toward feel of the passenger 'I'he sivitching portion further
comprises blowing air control doors 31, 32 and 33 rcspcc- ac
tivcly provided at thc openings 28, 29 and 30, so that each
of the openings 28, 29 aml 30 are opened or closed in
accordance with air blowing modes.

A temperature sensor 34 is arranged in the case 21 at the
dmvnstream side of and close to the evaporator 8, for
detecting a temperature Te (evapnrator blowing tempera-
ture) of thc air passing through thc evaporator 8. The
evaporator blowing tcmpcraturc Tc is used, as in a sinnlar
manner to a generally known air conditioning apparatus, for
controlling an ON-OFF operanon of the electromagnehc n

clutch 2 for the compressor 1, or ior controllin ~ a ilrsplace-
ment of a discharge amount in case nf a variable capacitor
type compressor Namely, the evaporator blowing tempera-
ture is controlled by adjusting a cooling capacity of the
evaporator 8 via thc control of thc compressor. ss

As shown in FIG 1, detected signals from multrple
sensors 35 for detecting an inside room temperature Tr, an
ambient temperature Tam, an amount TS of solar radiation,
a ivater temperature 'IW of the engine cnoling water and so
on, are inputted into an A/C control unit 5, in addition to the
signal from thc tcmpcraturc sensor 34 for thc evaporator
blowing tcmpcraturc Tc Further, various si mals from
operation switches of an A!C'ontrol panel 36, which is
arranged at a position close to the instrument panel, are aLso

inpuueri into the A,'C control unit 5. Although not shown in es
the draivin, the operation switches nf the A/C control panel
36 include those switches manually nperated by the passen-

ger, such as a temperature aching switch, a blowing amount
changing switch, a change-over sivitch for the blowine,
modes, a change-over sivitch for the inside or outside air, an
A/C switch for starting the operation of the compressor I,
and so on.

Thc A/C control unit 5 is conncctcd to an cnginc control
umt 37, lrom which the A/C control unit 5 receives the
information lor a rotational speed of the engine 4, a vehicle
speed and so on. (he engine control unit 37 is a well I nown
control unit, which controls a fuel injection amount, an
ignitinn timing and so on based on the information from
multiple sensors 38 for dctccting thc operational condition
of thc engine 4. In thc economical running vchiclc, in which
the air conditioning system is installed, when the engine
control unit 37 or any other elec(rome control unit detects a

vehicle stop based on the signals for the rotational speed of
the engine, the vehicle speed, braking operation and so on,
the engine control unit 37 stops the operation of the engine
4 by cutting otf the electric power supply to an ignition
rlcvicc or cutting otf thc fuel injcchon.

When the engine operation is stopped and thereafter a

vehmle comhuon is change!i from its stop comhnon to a

running condition by a driving operation of a vehicle rlriver,
the engine control unit 37 recognires the above vehicle
operation change based on the signals from an acceleration
pedal and so on, and automatically re-starts thc operation of
the engine 4.

Even duwng the en nne operahon is temporanly stopped,
the cooling operanon of the air comlihoning system can be
continued for a certain period based on the cool storage
energy at the cool storage heat exchanger 11 llowever,
when such cooling nperation is continued for a long period,
the cooling operation using the cool storage can not bc
continued any longer. Then thc evaporator blowing tcmpcra-
ture Te becomes higher than a target temperature. In this
case, the A/C control unit 5 outputs an engine operauon start
signal to the engine control unit 37, so that the engine control
umt 37 operates to re-start the engine operation The A C
control unit 5 and the engine control unit 37 comprise
microcomputers having CPU, ROM, RAM and other asso-
ciated circuits, as is known in thc art. Thc A!C control unit
5 and the engine control unit 37 can be formed into one
control unit.

FIG 3 is a cross sectional view showing the cool store e
heat exchanger 11, which is formed by a basic structure
generally knoivn as a shell-and-tube type The heat
exchanger ll comprises a shell lid as a cylindrical tank
clement, multiple tubes lie fixed to thc shell lid and
Rirming refrigerant passages, and multiple Iins 11/ thermally
lixerl to the tubes 11e and forming enlarged heat transmiuing
surfaces Rir the tubes lie.

I'he tank element lid comprises a cylindrical main bnrly
1lg, and an upper and Imver covers Ilk and 1 1 i respectively
scalin thc upper and loyvcr cmls of thc cylindrical main
body llg. The tubes lie arc formcrl from cylindrical tubes
anil the Iins 11/ are formed from circular liat plates. Muluple
burring holes llj are formed in the plate Iins lff, so that the
tubes Lfe are inserted through the burnng holes Llj. The
multiple plate fins llf are cumulated with a predeterminerl
fin pitch Pf, and the fins llf and tubes lie are mechanically
and thermally integrally fixed togcthcr by enlarging thc
tubes lie after thc tubes lie arc inscrtcrl into thc iiurrin
holes llj of. the Iins 11/.

An integrated unn of the tubes 11e and Iins 11/ is then
inserted into the cyhnrincal main body 11g, wherein the
upper and lower ends of the tubes lie protrude from the
upper and lower ends of the cylindrical main body 1lg of the
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shidl Ild. Then the upper and lower covers llh aml 1/i are
fixe to thc cylinrlrical main body 118 by solrlcring or the
like. At the same time, the tubes lie are also lixeil to the
respective upper and lower cnvers by the soldering or the
like, so that the inside of Lhe heat exchanger 1 Ls hermeucally
sealed

The tubes lie and the tins 11/ as well as Lhe shell lid are
made of such a metal having a high heat conductivity, for
example aluminum. An inlet port llk is lormed at Lhe upper
cover ll/i, through ivhich a cool storage material lie is filed
into thi, scaled inside space of thc shell lid, whcrcin thc cool
storage material lie are hlled between the fins (if. The inlet
port ilk is scakd by a plug Ilm afkr thc cool storage
ma(anal has been lilled into Lhe shell 11d. is

Thc cool storage material llu is prcfcrably a material
having a melting point at 4''. tn 8'.'. and solid state
properties which will not bc super cooled. For cxamplc,
paraflfln is prelerably used in this embodiment. Since the
heat conductivity of thc parafhn is much smaller than that of
the metal, an area for the heat Lransmiuing surfaces is
preferably made large and layers of the paraffin are made
thinner, to increase a capacity for thc cool storage and the
discharge of thc stored cool. To this cnd, thc cool storage
heat exchanger 11 is formed of the shell-aml-tube type heat
exchanger aml the paratlin are lilled therein so that each of
the paraftin layers is formed as a thin film between the fins
I lf

Thc cool storage material llu causes a phase change
depending on Lhe operaung modes thereof, namely a mode
for the cool storage and a mode for Lhscharging Lhe stored
cool. ('orresponrhng to Lhe phase change, a densrty as well
as a volume thereof is changerl A stress will be generated at
the fins due to the volume change of the cool storage
material, and it would bc a cause for a metal fatigue in the
cool storage heat cxchangcr 11. Accordingly, multiple
through holes lln are formed in Lhe laminated plate lins 11/,
as shown m FIG. 3. With such arrangements, even when the
volume of the cool storage material 1lii is increased at the
phase change from the solid phase to the liquid phase during
the mode for discharging the storerl cool, the liquid phase
cool storage material can smoothly flow outwardly from the
fins to the through holes lln.

Although the through holes 1HL are formed at a center of as
the laminated respective fins llf, as shnwn in I'l(i. 3, the
holes can be additionally formed at other positions of the
fins. A circular space IIF having a certain distance II is
formed bctwccn thc inner surface of Lhc cylindrical main
body 118 anti an outcr peripheral end of thc fins llf. The so
space Ilp Ls formed for Lhe purpose ol heat insulauon from
the outside of the heat exchanger 11, so that the heat
insulation effect can be obtained even when the conl storage
heat exchanger II is arranged at such a position having a
higher ambient temperature (for example, in an engine
compartment). In thc cmborlimcnt, thc tubes lie arc formcrl
from thc cylindrical tubes. Howcvcr, any other types of
tubes, such as tlat tubes or flat tubes havmg multrple
passa es, can be used.

Referring back to I'l(k I, a bypass tlow passage 12 is
providcrl bctwccn an inlet sirlc of Lhc compressor 1 (an outlet
side of thc evaporator 8) and a downstream side of the
expansion valve 7 (an upstream side of the extol storage heat
exchanger 11), so that the relngerant bypasses the compres-
sor 1 during a cooling operational mode by the cool storage ss
material. A check valve 13 is provided in the bypass flow
passe e 12, so that the depressurizerl refrigerant by the

expansion valve 7 is prevented from tlowing back to the
compressor I, during a normal cooling operation and a cool
storage operation.

A dnving flow passage 14 is further provided lietween an
outlet of thc condenser device 6 (an upstream siCk of thc
expansion valve 7) and an upstream side of thc evaporator
8. A control valve 15 anil an elector 9 are provided in the
ilnving flow passage 14, wherein an opening and closing of
the ciintrol valve 15 is controlled by the AC control unit 5.
The ejector 9 is provided in the embodiment as a driving
means for the refrigerant, instead of an electrically driven
pump used in a conventional air conCitioning system. Thc
clcctor 9 is conncctcd at its high prcssure inlet port to thc
control valve 15, and at its outlet port to thc evaporator 8.

FIG 4 ts a schemauc cross secuonal view showing the
elector 9, which comprises a nozzle 9u lor depressurizing
and expanding the refrigerant so that the pressure energy of
high pressure refrigerant flmving from the driving, tlow
passage 14 is converted into the speed energy, anil a suction
portion 9h connected to thc cool storage heat cxchangcr 11

through its suction port anti for sucking thc refrigerant from
the heat exchanger 11 by the refri erant tlow (tet flow)
elected from the nozzle 9a and having a high velocity. The
elector 9 further comprises a mixing portion for mixing the
refrigerant ejected from the nozzle 9a with the refrigerant
sucked from the cool storage heat exchanger 11, anti a
rlcfusing portion 9d for converting thc spccrl cncrgy into thc
prcssure cncrgy to thcrcby incrcasc thc prcssure of thc
refngerant.

The refingerant from the elector 9 flows into Lhe evapo-
rator 8. The refingerant from the Hector 9 is pressurized not
only by the defusing portion 9d but also by the mixing
portion 9c, at which the refrigerant pressure is increaserl
while thc gas-phase rcfrigcrant is sucked from the low
prcssure side. And thcrcforc, thc mixing portion 9c and thc
rlcfusing portion 9d arc collcctivcly rcfcrrcrl to as a pressure
increamng portion. In the embodiment shown in FIG. 4, a
crom secuonal area of Lhe mixing portion 9e is cons(ann
llowever, the inner peripheral surface can be made from a
tapered surface, so that the cross sectional area of the mixing
portion 9c gradually increase toward the defusing portion
9d

A communication flov. passage 17, which bypasses thc
elector 9, is provided between the cool storage heat
exchanger 11 aml the evaporator 8, so that the relngerant
may flow from the heat exchanger 11 to the evaporator 8
during the nnrmal cooling operation and the conl storage
operation, in which the ejector 9 is not operated A check
valve 18 is provided in the communication flow passage 17
for preventing thc rcfrigcrant prcssurizcrl by thc ejector 9

(the defusing portion 9d) from flowing back to the suction
portion 9h, during the cooling operauon using Lhe stored
cooling energy at the heat exchanger 11 in which the elector
9 is operated

An operation of thc above described first embodiment will
bc cxplaincd with rcfcrcncc to FIGS. 5 and 6, which
respecuvely show Lhe flows of the refri erant by arrows for
the normal coohng operation (aml the operation lor storing
the cooling energy) and for the cooling operation using the
stored coniing energy

FIG 5 is a schematic view showing thc rcfrigcrating cycle
according to the lira( emboihment In the normal cooling
operation (and the operation for stonng Lhe cooling ener y),
the refngerating cycle is operated by the compressor 1
which is driven by the engine 4 In this operation, since the
operation nf the ejector 9 is not necessary, the control valve
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15 is closed by the signai from the ArC control unit 5, so that
nn refrigerant flows in the dnving tlow passage 14

The high pressure gas-phase refrigerant pumped out from
the cnmpressor I is cooled clown at the conrlenser device 6,
and thi, rcfrigcrant, which is super cooled and becomes the
liquid-phase, flows into thc expansion valve 7. The hi h
pressure liquid-phase rehugerant is depressurized by the
valve portion 7a of the expansion valve 7, so that it becomes
tive phase (gas-phase anil liquid-phase) Iow pressure refng-
erant. 'I'hen the refrigerant flnws into the cool stnrage heat
exchanger 11, wherein the refrigerant flows through the
multipk tuiies llc of thc heat cxchangcr 11.

Thc rcfrigcrant further flov s from thc cool storage heat
exchanger 11 to the evaporator 8 through the commumcanon
passa e 17 via the check valve 18. The refngerant absorbs is
heat from the air passmg through the evaporator in theA/('nit

case 21 and is evaporated to become the gas-phase
refrigerant The gas-phase refrigerant is then sucked into the
compressor I and comprcsscd again. In thc bypass flow
passage 12, since thc prcssure at the expansion valve side is zo

higher than the other side pressure, the refngerant does not
flow in the bypass tlow passage due to the checl valve 13.
'I'he cooled down air at the evapnrator 8 is blnwn into the
passenger room through the face opening 29 and so on

The normal cooling operatinn and the operation for the
cool storage will bc further cxpiaincd. Thc ambient tem-
pcraturc of thc air passing through thc evaporator 8 durin
a summer time is high (more than 40'.) aml thereby the
thermal load for the evaporator 8 is very high when the air
conditioning system is operated in such a conrlitinn of the
high ambient temperature. In such a conling operation with
a high thermal load, a degree of super heat of the refngerant
at the outlet of thc evaporator bccomcs too high, and the
valve portion 7rt of thc expansion valve 7 is fully opcncd. As
a result, the pressure of the refri erant at the low pressure ss
stile (at the inlet side of the compressor) becomes higher.

Accorthngly, the temperature of the low pressure refng-
erant flowing mto the cnol stnrage heat exchanger 11

becomes higher than a solidification point (ti': to 8' ) of
the cool storage material lla As a result, thc cool storage ao

material is not sohdificd through thc heat cxchangc with the
low pressure refngerant, and only the sensible heat is
absorbed from the cool storage matenal. The amount of the
heat absorbed by the low pressure reingerant at the cool
stn rage heat exchanger 11 is, therefore, very small during the
cooling nperation of the high cooling load, so that ahuost all
of thc low prcssure rcfrigcrant is cvaporatcd at thc evapo-
rator 8 by aiisorbing thc heat from the air passing through the
evaporator 8, as in the same manner of the air comlrtiomn ~

apparatus having no cool storage heat exchanger. n

In case of the cooling operation of the high cooling load,
an inside air mode is generally selected, in which the inside
air is re-circulated by switching the rloor 23a to a position
indicated by a solirl linc in FIG. 2. Thc tempcraturc of the air
sucked into thc AiC unit case 21 and flowin toward the .s
evaporator 8 will be decreaseii after a certain time penod
from starting the cooling operauon. Then, the cooling lotul
wdl be decreased. The degree of super heat ior the refng-
erant at the nutlet of the evapnrator 8 is decreased, an
opening degree of the valve pnrtion 7a of the expansion
valve 7 bccomcs smaflcr, thc rcfrigcrant prcssure at thc low
prcssure side is dccrcascd, anil finally thc rcfri crant tem-
perature at the low pressure side is decreased.

Then, when the refngerant temperature at the low pres-
sure side becomes lower than the solidification point of the as
cool stnrage material litt, the solirlification of the cool
stnrage material Iirt starts anil thereby the latent heat is

absorbed by the refiugerant from the cool storage matenal
Iia Accordingly, the amnunt of the heat absorbed frnm the
cool storage material 1 la becomes larger The above opera-
tion (the solidification nf the cool storage material Ifa) starts
only after thc temperature of thc air blowing into thc
passcngcr room has bccn sufficicntly rlccrcascd and thc
refngerant temperature at the low pressure side has been
suflicientlv decreased as a result that the cooling load has
been riecreased

A rapiti cooing performance (cooling down performance)
is thereby not adversely aflected by the above cool stora e
operation in the cool storage material lla In other wnrrls,
even when the cnoi stnrage heat exchanger 11 is prnvided in
the refrigerating cycle in amies with thc evaporator 8, thc
rapid cooling performance can bc maintaincrl cvcn in thc
high cooling load.

An operation ol the air comhtioning system when the
engine 4 is temporamly stopped, for example in the case of
wainng for the change of the traflic lamp, is explained. FIG.
6 is a schematic vieiv showing the refrigeratmg cycle
according to the flrst embodiment, in which the nperation of
the compressor I is stopped and thc cooling operation is
continued with the stored cooling energy at thc cool storage
heat exchanger 11.

When the vehicle, stops anti the operation of the engine is
temporarily stopped, the operation of the impresser 1 is
thereby forcibly stopped even when the air conditioning
system is in its operation (the bloiver fan 22 is operating)
When the Ai('. control unit 5 detects the stop nf the engine
operation, it controls thc control valve 15 to open thc same,
so that the ejector 9 starts its operation.

The high pressure refngerant pooled in the condenser
iievme 6 flows to ihe high pressure inlet port of the elector
9 through the drivin ~ flow passe e 14. The elector 9
depressurims and expands the high pressure refrigerant to
convert the pressure ener y into the speed energy at the
nozzle 9a and sucks thc rcfrigcrant from thc cool storage
heat cxchangcr 11 by thc ri,frigcrant flow 4ct flow) cjcctcd
from thc nozzle 9a and having a high velocity.

Then the refiugerant eiectetl from the nozzle 9a and the
refngerant sucked from the cool storage heat exchanger 11
are mixed at the pressure increasing portion 9c 8. 9d, anil the
speed energy of such refri erant is converted into the
pressure energy to thereby increase the pressure of the
refrigerant. And the high pressure rcfrigcrant flows into thc
evaporator 8.

During thc aliovc operation, thc check valve 18 provided
in the communication flow passage 17 is closed clue to the
premure applied thereto in a reversed direction as a result of
the pressurizing effect at the ejector 9, while the checl valve
13 prnvided in the bypass tlow passage 12 is npened due to
the prcssure applied thcrcto in a forwarrl rlircction Accord-
ingly, thc refri erant flows from and to thc cool storage heat
exchanger 11 through thc cjcctor 9, thc evaporator 8 and thc
check valve 13, as mdicated by arrows in FIG. 6.

As above, the refrigerant cooled down in the cool stora e
heat exchanger 11 is evaporated at the evaporator 8 to absorb
the heat from the air passin through the evapnrator 8, the
cooling effect at the evaporator 8 can be continued even after
the stop of thc compressor operation. Since thc tcmpcraturc
of thc gas-phase refrigerant cvaporatcd at thc evaporator 8 is
higher than the sohdilication point of the cool stora e
matenal ffa of the heat exchanger 11, the cool stora e
matenal lfa is changed from the sohd-phase to the liquid-
phase (melted) by aixsoriiin the latent heat of melting from
the gas-phase refrigerant.
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The gas-phase refngerant is condensed as it is cooled

dmvn hy the cool storage material I let. As long as the high
pressure refrigerant remains at the condenser device 6, the
cooling operation hy the cooling, energy stored in the heat
exchanger 11 can bc continued, cvcn durin thc engine 4 is
stoppcrl.

A time period of thc vchiclc stop for waiting for the
chan e of thc traflic lamp is gcncrally a short period, such as
onc to tv o minutes. Thc ncccssary amount of the cool
storage material flu for the cooling operation lor two
minutes is about 420 g of paralhn, m the case that the
solidihcation pomt is (i''nd the latent heat for the
solidihcation is 229 kj/Kg

According to the above first emhnrliment, the refrigerat-
in cycle for thc normal cooling operation is composed of'-'he

compressor 1, thc condcnscr device 6, thc expansion
valve 7, the cool storage heat exchanger 11, and the evapo-
rator 8. And another (seconil) relngeraung cycle for the
cooling operation with the stored cooling energy dunng the
compressor operation is stopped is composed of the cool
storage heat exchanger 11, the ejector 9 (the high pressure
inlet port and thc outlet port), thc evaporator 8, thc bypass
flow passage 12 and thc check valve 13. In thc second
refngeraung cycle, the refngerant is circulated by the opera-
uon of. the elector 9, which operates by a pressure diflerence
in the refngeraun ~ cycle.

According to the present invention, the ejector 9 is used
for circulating the refrigerant instead of the electncally
driven pump, in the case the engine operation is temporarily

ic
stopped. When thc compressor is stopped, thc prcssure of the
refrigerant at thc high prcssure side and thc low prcssure side
wdl not be quickly uniformed. And thereby, so lon ~ as the
pressure difl'erence of the refngerant is existing in the
refrigerating cycle and the storerl cooling energy remains m
the cool storage material I la, the cooling operation using the 35

stored cooling energy can be cnntinued According to
cxpcrimcnts of thc prcscnt inventors, thc cooling operation
(thc operation of thc cjcctor 9) can hc continucrl for a time
penod more than 90 seconds, in the case that the flow rate
of 20 Kg,'h is obtained ac

Since the elector 9 is the flu«I pump, it can generate a

sufl'icient sucking efl'ect for sucking two-phase (the gas-
phase and the liquid-phase) mixing refrigerant As a result,
a tank for separating thc gas-phasc and liquid-phase refrig-
erant, which is ncccssary in thc system using thc clcctncafly
driven pump for predominantly supplyin thc liquid-phase
refngerant to the electncally dnven pump, ts no longer
necessary in the present invenuon. Accordingly, a space for
such separating tank is saved I'urthermore, since the veloc-

e
ity of the flow in the evaporator 8 can he increased hy
eliminating thc separating tank, thc heat transmission per-
formance can bc improvcrl.

Thc above first cmbodimcnt can bc modified as shown in
FIG. 7, in which a liquid tank 10 is provided between the
cool storage heat exchanger 11 and the check valve 18 so
that Ihe liqu«l-phase relngerant is stored in the lower portion
of the liquid tank 10

In a case of a generally knoivn liquid pump, a suNcient
pump cfficicncy can bc obtaincrl when thc liquid-phase fluicl „c
alone is supplied to thc liquid pump. Howcvcr, when the
mixture of thc liquid-phase and the gas-phase fluicl is
supphed to the liquirl pump, Ihe pump elhciency is remark-
ably decreased in most cases, which is generally referred to
as 'dry-lift'1 55

On the other hand, in a case of the fluid pump of the
ejector 9, the pump eNciency is not decreased because of

operational characteristic, even when Ihe mixture ol the
hquid-phase and the gas-phase refngerant is supplied tn the
elector 9.

I urthermore, the ejector 9 circulates the refrigerant by use
of thc cncrgy contained in thc high prcssure rcfrigcrant, and
thereby it does not require clcctrical lead v ircs which is
necessary in Ihe case of the rdectncally dnven pump. Fur-
thermore, the ejector 9 does not have rotauonal wear-out
elements, such as brushes, and thereby the ejector 9 has a
semi-permanent durability.

In the case that the cool storage heat exchanger 11 is
arranged at thc outlet side of thc evaporator 8, and when thc
coolin cncrgy is fully stored in thc cool storage material
lla, then Ihe degree of. Ihe super heat of the relngerant
becomes lower after havm ~ passed throu h the cool store e
heat exchanger 11, Iiecause the refrigerant will be coolerl
down at the heat exchanger 11

As a result, the opening degree of the expansion valve 7
is clccrcascd and thc amount of thc rcfrigcrant may liccomc
smaller for satisfying thc cooling load at thc evaporator 8.
Accordingly, the cool storage heat exchanger 11 is preler-
ably arranged at the upstream side of the evaporator 8 in the
above first embodiment

Second Embodiment

A secoml embodiment of the present invennon
explained with reference to IrlG 8 and I'l(k 9, which
schematically show the refrigerating cycle

In thc second cmbodimcnt, thc bypass flow passage 12 (of
the first cmliodiment) is eliminated, anil instcarl a suction
flow passage 16 is provirled between the suction port of the
elector 9 aml the inlet side of the compressor 1 (the outlet
side of the evaporator 8). Further, the pressure increasing
portion (the outlet port) of the elector 9 is connected to the
upstream side of the cool storage heat exchanger 11 through
the check valve 13.

As shown in FIG. 8, in thc normal cooling operation (and
the operation for storing the cooling energy), the refn er-
ahng cycle is operated by the compressor 1, so that the
refngerant flows from aml to the compressor 1 through the
condenser device 6, the expansion valve 7, the cool storage
heat exchanger 11, and the evaporator 8 In this operation,
since thc operation of thc cjcctor 9 is not ncccssary, thc
control valve 15 is closed by thc signal from thc ArC control
umt 5, so that no rcfrigcrant flows in thc driving flow
passage 14, as in the same manner to the Iirst embodiment.

FIG 9 shows the refngerating cycle, in which the opera-
tion of the cnmpressor I is stopped and the coohng operation
is cnntinued with the stored cooling energy at the cool
storigc heat cxchangcr ll. As in thc same manner to thc hrst
cmbodimcnt, vvhen thc AiC control unit 5 clctccts thc stop of
the cnginc operation, it controls thc control valve 15 to open
the same, so that the ejector 9 star(s its operauon.

I'he high pressure refrigerant pooled in the condenser
clcvicc 6 flovvs to a high pressure inlet port of thc ejector 9

through thc driving flovv passage 14. Then, thc cjcctor 9
sucks Ihe refrigerant from the sucuon flow passage 16 and
the refrigerant is circulated from aml to the elector 9 through
the checl valve 13, Ihe cool storage heat exchanger 11, the
evaporator 8 and the suction tlow passage 16, so that the
cooling operation is continued.

Accortling to Ihe above second embodiment, the relng-
erating cyc(e lor Ihe, normal cooling operation is composed
of the compressor 1, the comlenser device 6, the expansion
valve 7, the cool storage heat exchanger 11, and the evapo-
rator 8 And another (second) refrigeratmg cycle for the
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cooling operation with the stored cooling energy dunng the
compressor operation is stopped is composed of the cool
storage heat exchanger 11, the evaporator 8, the suction tlow
passa e 16, the ejector 9 (the suction port and the outlet
port), anti thc check valve 13. In the second rcfrigcratin
cycle, thc rcfrigcrant is hkcwisc circulated by lhc operation
of lhe ejector 9, which operales by a pressure diflerence in
the refngeraling cycle.

According to the second embodiment, the bypass tlow
passa e 12 including the check valve 13 in the first embodi-
ment (I'IGS 5 ct 6) is eliminated, and instead the suction
flow passage 16 is providcrl As above, thc second cmboCi-
ment is further macle in a simplifie manner (al least the
check valve 13 is not necessary).

Third Embodiment
is

A third embodiment of the present invention ts explained
with reference lo FIGS. 1U and 11, which schemaucally
show the refrigeranng cycle. zo

In the hrst or second embodiment, the expansion valve 7
is used as a rlepressurizing means, anil the degree of the
super heat of the rcfrigcrant al thc outlet of thc evaporator 8
is controlled by thc expansion valve 7.

Accorthng to the third embodiment, an accumulator IOU

is provitled at the outlet side of the evaporator 8 (the inlet
stile of the compressor 1) for separating lhe refngerant from
the evaporator 8 into the gas-phase and the liquid-phase
refrigerant, for storing the separated refrigerant, and for
supplying the gas-phase rcfrigcrant to thc compressor 1. The ic
above rcfrigcrating cycle is also rcfcrrcd to as "thc refrig-
erating cycle of accumulator type'r "the accumulator
cycle'. Further, a lixed onlice 70, such as a capillary tube
oriiice, is provitled as the depressunzin ~ means instead of
the expansion valve 7 33

As shoivn in I'l(k 10, in the normal cnnling operation (and
the operation for storing thc cooling cner y), thc refriger-
ating cycle is opcratcd by thc compressor 1, so thar the
refngeranl flows from and to lhe compressor 1 through the
comlenser device 6, lhe lixed orifice 7U, the evaporator 8, the ao
cool storage heat exchanger 11, and lhe accumulauir 1UO. In
this operation, since the operation of the ejector 9 is not
necessary, the control valve 15 is clnsed by the signal from
the AC control unit 5, so that no rcfri cranl flows in the
driving flow passage 14 anti thc suction flow passage 16.

FIG. 11 shows thc rcfrigcrating cycle, in which the
operation of the compressor 1 is slopped and the coohn ~

operation is continued with the stored cooling energy at the
cool storage heat exchanger 11 As in the same manner to the
first embodiment, when the A/(: control unit 5 detects the so
stop of thc cnginc operation, il controls lhc control valve 15
to open thc same, so that thc ejector 9 starts its operation

The high pressure refngerant pooled in lhe condenser
device 6 flows to a high pressure inlet port of the elector 9

through the driving tlow passage 14 Then, the ejector 9 ss
sucks the rcfingcrant from thc suction flow passe c 16 anti
the refrigerant is circulated from and to thc cjcctor 9 throu h
the check valve 13, the evaporator 8, lhe, cool storage heat
exchanger 11, lhe accumulator 1UO and the suction fiow
passa e 16, so that the mtoltng operation is continuetl.

According to thc above third embodiment, thc rcfrigcrat-
in cycle for thc normal cooling operation is composed of
the compressor 1, the comlenser device 6, the lixed orilice
70, lhe evaporator 8, the cool storage heal exchanger 11, aml
the accumulator 10U (lhe gas-phase pornon). And another as
(second) refrigerating cycle fnr the cnoling operation with
the stored conling energy rlunng the compressor operation is

stoppetl is composed of the cool storage heat exchanger 11,
the accumulator (the liquid-phase portion), the suction tlow
passage 16, the ejector 9 (the suction port anil the outlet
portion), the check valve 13 and the evaporatnr 8 In the
second rcfrigcrating cycle, thc rcfingcrant is likcwisc circu-
latcll by thc operation of thc cjcctor 9, which opcratcs by a
pressure dillerence in the refngeraling cycle.

As already explained above, the accumulator 100 sepa-
rates the refrigerant from the evaporator 8 into the gas-phase
and the liquid-phase refrigerant, and supplies the gas-phase
refrigerant tn the compressor I Accordingly, a pnssible
compression of the liquid-phase rcfrigcrant by thc compres-
sor 1 can bc prcvcntcd, without adjusting thc dcgrcc of thc
super heal ol the refngeranl at the outlet side of the evapo-
rator 8 The lixed omlice 70 is simpler in structure and lower
in cost than the thermal type expansion valve having a
function of adjusting the degree of super heat of the refrig-
erant.

Accordin to thc thirll embodiment, thc cool storage heat
exchanger 11 is provided at thc downstream siCk of thc
evaporator 8. As is also explained above, the depressurizing
means can be fiirmed by lhe capillary tubes and the lixed
onfice 70 in the accumulator cycle, and therefore the expan-
sion valve is not necessary As a result, no problem nccurs
for adjusting the degree of the super heat of the refrigerant
at thc outlet side of thc evaporator 8, cvcn in thc case that
the cool stora c heat cxchangcr 11 is conncctcd to thc outlet
side of lhe evaporator 8.

A pressure drop is always generated in the reingerant
tlowing through the evaporator 8, so that the refrigerant
pressure (evaporation pressure) at the outlet side of the
evaporator 8 is lower than that at the inlet side thereof A
gas-hquid phase lioundary of thc rcfrigcrant is gcncratcd in
the accumulator 100, and thc rcfrigcrant is in its saturated
state. Aci:orthnglv, the refngerant in lhe accumulator 10U is
not be super heated.

Further, the refrigerant temperature (evaporation tempera-
ture) at the nutlet side of the evaporator 8 is always lower
than that at the inlet side thereof corresponding to the
prcssure drop. And thcrcby, thc cool storage matcmal lla can
bc cooled down by thc refrigerant having a lov cr lcmpcra-
ture, in lhe case that the cool storage heal exchanger 11 is
connected lo the outlet side of lhe evaporator 8 in the
accumulator cycle. In this operation of coohng down the
cool storage material 1 la, a temperature difference between
the refrigerant and the cool storage material 1 la is increased
to improve thc heat cxchangc efflcicncy and to shorten thc
ncccssary time for solidifying thc cool storage material llu.

I'ourth Embodiment

A fourth embodiment of the present invennon is explamed
with reference lo FIGS. 12 aml 13, which schemancally
show the refrigerating cycle

In thc above third cmbodimcnt, thc tixcd orific 70 (thc
capillary lube and omfice) is used as lhe depressurizing
means. Accorthng to the fourth embodiment, however, a
venable orilice 700 is provitled instead of lhe lixed onlice
70, wherein the variable orifice 700 is controlled by the A G
control unit 5. I'urthermore, in the fourth embodiment, the
llnving flow passage 14 bypassing thc tixcd orific (of thc
third embodiment) is eliminated and thc outlet side of thc
comlenser device 6 is connected to the high pressure inlet
port of lhe ejector 9 through lhe venable omlice 700. The
elector 9 sucl s the reftngerant from the suchon flow passa e
16 and tlows out the mixed and pressurized refrigerant to the
evaporator 8
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As shown in FIG. 12, in the normal cooling operauon (and
the operation for storing the cooling energy), the refriger-
ating cycle is operated hy the compressor I, so that the
refrigerant flows from and to the compressor I through the
comlcnscr dcvicc 6, thc variable orific 700, thc cjcctor 9,
the evaporator 8, thc cool storage heat cxchangcr 11, and the
accumulator 10U. In Ibis operauon, Ihe variable onfice 70U
is controlled by the A,'C control unit 5, so that the flow
amount of the refrigerant is adjusted in accorrlance with the
cooling load. I urther, in this operation, the liquid-phase
refrigerant pnnled in the accumulator 100 is sucked into the
cjcctor 9 through thc suction flow passage 16.

FIG. 13 shows thc rcfngcrating cycle, in which the
operation of the compressor 1 is slopped and the coohn ~

operation is continued with the stored cooling energy at the is
cool storage heat exchanger 11 When the A/C control unit
5 detects the stop of the engine operation, it controls the
variable orifice 700 so that the flow amnunt of the refngerant
is likewise controlkd

Thc high prcssure rcfrigcrant pooled in thc condcnscr zo

device 6 flows Io the high pressure inlet port of the elector
9 through the vamable omlice 7UO. Then, the ejector 9 sucks
the refrigerant from the suction floiv passage 16 and the
refrigerant is circulated from and to the ejector 9 through the
evaporator 8, the cool storage heat exchanger 11, the accu-
mulator 100 and thc suction flow passage 16, so that the
cooling operation is continucrl.

Accorihng to the above fourth embodiment, the refriger-
anng cycle for the normal cooling opera«on is mimposed of
the compressor I, the condenser rlevice 6, the variable
orifice 700, the ejector 9 (the high pressure inlet port and the
outlet port), the evaporator 8, the encl storage heat
exchanger 11, and thc accumulator 100 (thc gas-phase
portion). And another (second) refrigerating cycle for the
cooling operation with the stored cooling energy dunng the zs
compressor operation is stopped is composeil of the cool
storage heat exchan er 11, the accumulator IUU (the Iiquirl-
phase pnrtion), the ejector 9 (the suctinn port and the outlet
pnrt), and the evaporator 8 In the seconrl refrigerating cycle,
the rcfrigcrant is likcwisc circulated by thc operation of the ao

cjcctor 9, which opcratcs by a prcssure diffcrcncc in the
refngeraung cycle.

Accorihng to the fourth embodiment, as described above,
the variable onlice 70U is provided in Ihe accumulator cycle,
wherein the variable orifice 700 has functinns of the control
valve 15 and the fixed orifice 70 of the third embodiment
Thc variable orific 700 comprises an clcctrically controllcrl
expansion valve to control an opening dcgrcc of thc onficc.
Accorrling to the fourth emboihment, the opening ilegree of
the vanable omlice 7(lfl dunng the normal cooling opera«on o

by the compressor 1 is controlled in accordance with the
thermal load (the cooling load) of the air conditioning
system based on the temperature nf the air passing through
the evaporator 8, thc rcfrigcrant tcmpcraturc at thc outkt
portion of thc cool storage heat exchanger 11, and so on.. s

The opening de ree of the vanable orifice 7UO is ailtusted,
during the cooling operation with the stored cooling energy
in which the opera«on of the compressor I is stopped, in
such a manner that the suction flow of the refrigerant at the
ejector 9 can meet a target cnoling perfonnance which will
bc dctermincd by thc thermal load and comfortable air
comlitioning operation. Thc evaporator 8 and thc cool stor-
age heat exchanger 11 (the heat exchanger at the load side)
are provided at the downstream s«le of: the elector 9 rn the
fourth embodiment. Since the above arrangement of the os

ejector 9 and the evaporator 8 of the fourth embodiment is
ditferent from that of a conventional normal ejector cycle, as

shown in FIG. 25, the power savin ~ function at the com-
pressor I which is generally achieved in the nnrmal ejector
cycle can not be obtained in this embodiment

I'he accumulator 100 is provided in the suction tlow
passa c 16, for separating thc rcfrigcrant from thc evapo-
rator 8 into thc gas-phase aml thc liquirl-phase refrigerant
anil pooling the liquid-phase refrigerant at the lower portion
of Ihe aci:umulator 1UO. The gas-phase refrigerant is sucked
by the cnmpressor I from the upper portion of the accumu-
lator 100. Accordingly, the compressor I is preventerl from
compressing the liquid-phase refrigerant, even when the
variable orifice 700 is used as thc dcprcssurizing means and
the refri crant floiv in thc cycle is not controllcrl based on
the degree of Ihe super heat of the refrigerant at the outlet
portion ol Ihe evaporator 8.

I'he control for the opening degree of the vanafile orifice
700 is generally difficult unless the degree of the super heat
of the refrigerant at the inlet side of the compressor I is
higher than a prcdetcrmincrl value. As a result, it bccomcs
also difficult to kccp thc liquid-phase rcfiugcrant in thc
operation fiir storing the cooling energy in Ihe cool stora e
matenal. According to the fourth embodiment, however, the
accumulator 100 is provided for separating the refrigerant
into the gas-phase and the liquid-phase refrigerant and for
supplying the liquid-phase refrigerant to the ejector 9, so that
the hquid-phase rcfrigcrant is supplied to thc cool storage
heat exchanger 11 to cficctivcly cool down anti store thc
cooling energv in the cool storage ma(anal.

Fifth Embodiment

A fifth embodiment of the present invenuon is explamed
with reference to FIGS. 14 aml 15, which schema«cally
show Ihe refrigeranng cycle.

In the abnve fourth embodiment (I'IGS 12 k. 13), the
evaporator 8 and the cool storage heat exchanger 11 are
provide(I at thc downstream side of thc cjcctor 9. Accordin
to thc fifth embodiment (FIGS. 14 8 15), howcvcr, thc
evaporator 8 and the cool storage heat exchanger 11 are
provideil in the suction flow passage 16.

As shown in FIG. 14, in the normal cooling opera«on (and
the operation for storing the cooing energy), the refriger-
ating cycle is operated by the compressor I, so that the
refrigerant flows from thc compressor 1 through thc con-
rlcnscr device 6, thc variable orific 700, thc cjcctor 9, thc
accumulator 100 (thc gas-phase portion), anil then hack to
the compressor 1. Furthermore, the refngerant pooled in the
accumulator 1UO flows through the cool storage heat
exchanger 11, the evaporator 8 and the elector 9, and hack
to the accumulator 100

FIG 15 shows thc refrigerating cycle, in which thc
operation of thc compressor 1 is stoppcrl and thc coolin
operation is continued with thc stored cooling cncrgy at thc
cool storage heal exchanger 11 When the AiC control unit
5 detects the stop of Ihe engine operauon, it controls the
variable orifice 700 so that the tlow amount of the refrigerant
is controlled.

The high pressure refngerant pooled in the condenser
ilevme 6 flows to ihe high pressure inlet port of: the elector
9 through Ihe venable orilice 7UO. Then, the elector 9 sucks
the refrigerant from the suction flnw passage 16 and the
refrigerant is circulated from and tn the ejector 9 through the
accumulator 100, thc cool storage heat cxchangcr 11, thc
evaporator 8 and thc suction flow passage 16.

As above, accordm ~ to the lifth embodiment, the refrig-
erant from the pressure increasing portion 9c @ 9d flows into
the accumulator 100, and the evaporator 8 and the cool
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storage heat exchan er 11 are connected in senes to the
suction port of the ejector 9 via the suction flow passage 16,
to achieve the power saving perfnnnance. According to the
arrangement above, the evapnration pressure of the reftug-
crant at thc evaporator 8 anil thc cool storage heat cxchangcr
11 can bc decrcascrl to become lower than thc rcfrigcrant
pressure at the inlet side of the compressor 1, so that the
function of. the elector 9 can be demonstrated.

fiixth Embodiment lc

A sixth embodiment of the present invention is explained
with reference to I l(iS 16 and 17, which schematically
show thc refrigerating cycle

In thc above fifth embodiment (FIGS. 14 k 15), the '-'vaporator8 and thc cool storage heat cxchangcr 11 are
proviiled in the sue«on flow passage 16. Accordm ~ to the
sixth embodiment (FIGS. 16 ere 17), however, the evaporator
8 is provided at the downmream of the ejector 9 and the cool
storage heat exchanger 11 is provided in the suction flow
passa e 16

As shoivn in I'l(k 16, in the normal cnnling operation (and
the operation for storing thc cooling cner y), thc refriger-
ating cycle is opcratcd by thc compressor 1, so that the
refngeranl flows from the compressor 1 throu h the rxm-
denser device 6, the vanable onfice 7UU, the elector 9, the
evaporator 8 and the accumulatnr 100, and hack to the
compressor I I urthermore, the refrigerant pooled m the
accumulator 100 flows through the cool storage heat
exchanger 11 and thc cjcctor 9, and back to thc accumulator ic

100.
FIG. 17 shows the reingeraung cycle, m which the

operation of the compressor 1 is slopped and the coohn ~

operation is coniinued with the stored cooling energy at the
cool storage heat exchanger 11 When the A/(: control unit
5 detects the stop of the eng,ine operation, it controls the
variable orifice 700 so that thc flow amount of thc refrigerant
is controlled.

Thc high prcssure rcfrigcrant pooled in lhc condcnscr an
device 6 flows lo the high pressure inlet port of the eiector
9 through the vawable owlice 7UU. Then, the ejector 9 sucks
the refrigerant from the suction floiv passage 16 and the
refrigerant is circulated from and to the ejector 9 through the
evaporator 8, the accumulator 100, the cool storage heat
exchanger 11 and thc suction flow passage 16.

According to thc above sixth cmbodimcnt, thc refriger-
ating cycle for thc normal cooling operation is composed of
the compressor 1, the condenser device 6, the venable
orifice 7U(l, the elector 9 (the high pressure inlet port and the
outlet port), the evaporator 8, anil the accumulator 100 (the
gas-phase portion). And another (second) refrigerating cycle
for thc cooling operation with the stored cooling cncr y
during thc compressor operation is stopped is composed of
the cool storage heat cxchangcr ll, thc ejector 9 (thc suction ss
port and lhe outlet port), the evaporator 8, and the accumu-
lator 1U(l (the liquid-phase poruon). In the second refriger-
ating cycle, the refrigerant is likewise circulated by the
operation of the ejector 9, which operates by a pressure
difl'crcncc in thc rcfrigcrating cycle. ac

Thc amount of thc power saving effect by thc cjcctor cycle
dcpcnds on thc kinet of thc rcfrigcrant to bc use(i for the
refngeraung cycle. In the case ol HFC(34a, which is
generally used for the air condiuonm ~ system for the
vehicle, the power saving eilect is relauvely small, because ss
the refrigerant pressure pumped out from the compressor I
is relatively loiv

A lime delay, which is a lime interval from the start of the
compressor operation to a time point at which the tempera-
ture of the air passing through the evaporator anil blown into
the passenger room is decreased, may occur when the
tcmpcraturc of the cool storage heat cxchangcr ll as well as
the thermal inad (thc cooling load) arc rather high in the fifth
embodiment, because a major portion of the liqu«l-phase
refngerant would be evaporated in the cool storage heat
exchanger 11 The evaporator 8 is, therefore, providerl at the
downstream side of the ejector 9 and the cool stnrage heat
exchanger 11 is provided in the suction flow passage 16
secor(tin to thc sixth embodiment, to improve thc above
time delay.

As in the similar manner lo the fourth embodiment (FIGS.
12 gr 13), the accumulator 10U is provitled in the suction
flow passage 16, for separating the refrigerant from the
evaporator 8 into the gas-phase anil the hquid-phase refrig-
erant and ponling the liquid-phase refrigerant at the lower
portion of thc accumulator IUO. Thc gas-phase rcfrigcrant is
sucked by the compressor 1 from thc upper portion of thc
accumulator 1UU. Accorthngly, the compressor 1 is pre-
vented from compressing the hqu«l-phase refrigerant, even
when the variable oritice 700 is used as the depress«riving
means and the refrigerant flow in the cycle is not controllerl
based on the degree of the super heat of the refrigerant at the
outlet portion of the evaporator 8.

Furthermore, as in thc similar manner to thc fourth
embodiment (FIGS. 12 rk 13), the accumulator IUU

providetl in the sixth embodiment (FIGS. 16 ere 17) for
separating the refrigerant into the gas-phase anil the liquirl-
phase refrigerant and for supplying the liquid-phase refrig-
erant to the cool storage heat exchanger 11, to effectively
cool down and store thc cooling cncrgy in thc cool storage
matcnal.

The varuible onlice 700 having an electwcally controlled
valve is used in lhe above embodiments. It is, however, not
limited to such electrical type vanable owlice.

I IG 18 shows a modification of the above embndiments,
for example the modification of the sixth embndiment
(FIGS. 16 k 17), in which an cjcctor 90 having a mechanical
type variable orifice 90 is used. Numeral 90n is a lcmpcra-
ture sensing portion lor mechanically controlling the open-
ing degree of. the onlice. With such an arrangement, the
same operation and efl'ect to the sixth embodiment can be
obtained.

Seventh Embodiment

A seventh embodiment of the present invention is
explained with reference to lrl(iS. 19 and 20, which sche-
matically show thc rcfrigcrating cycle.

The seventh embodiment dilfers from the lira( embodi-
ment (FIGS. 5 ye 6) in that the bypass tlow passage 12 is
connected betiveen the inlet side of the compressor I anil the
downstream side of the cool storage heat exchanger 11

secor(tin to the scvcnth cmbodimcnt, ivhcrcas thc bypass
flow passage 12 is connected bctwccn thc inlet side of thc
compressor I and the upstream side of the cool storage heat
exchanger 11 accordm ~ lo lhe lirst embodiment. And it
further diflers in that a direction of the refrigerant flow in the
cool storage heat exchanger 11 is reversed in the cooling
operation with the stored cooling energy in the cool storage
matcnal during thc compressor operation is stopped,
whcrcas thc refrigerant flow is always kept in thc same
rhrcction in thc first cmbodimcnt.

According to the seventh embodiment (I'l(iS 19 K 20),
the communication flow passage 17 is provided in parallel
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with the ejector 9, so that the refn erant flows from the cool
stnrage heat exchanger 11 tn the evapnratnr 8 in the normal
cooling operation (and the operation fnr cooling down the
cool storage material), in which the ejectnr 9 is not operated
And the check valve 18 is provided in thc communication
flow passage 17, so that thc refrigerant prcssurizcd by the
elector 9 can not flow back to the cool storage heat
exchanger ll in the cooling operauon with the stored
cooling energy, in which the ejectnr 9 is nperated

As shoivn in I'l(k 19, in the normal cnnling operation (and
the operation for storing the cooling energy), the refriger-
ating cycle is opcratcd by thc compressor 1, so that the
refrigerant flows from and back to thc compressor 1 throu h
the conilenser device 6, the expansion valve 7, the cool
storage heat exchan er 11, the check valve 18 aml the
evaporatnr 8

In this operation, the refrigerant may possibly further
flnivs frnm the expansion valve 7, the ejector 9 and the
evaporator 8. Hoivcvcr, since a diamckr of thc nuxin
portion 9c of thc cjcctor 9 is much smaller than inner
diameters of the ref nge rant flow passages in the uiol storage
heat exchanger 11, a flow amount of the relngerant flowin ~

through the ejector 9 is negligible small.
I'IG 20 shows the refrigerating cycle, in which the

operation of the compressor I is stnpped and the cooling
operation is continued with the stored cool at thc cool
storage heat cxchangcr 11.

The high pressure refngerant pooled in the condenser
device 6 flows to the high pressure inlet port of the elector
9 thrnu h the driving flow passage 14. 'I'hen, the ejectnr 9

sucks the refrigerant from the cnol storage heat exchanger 11

and the refrigerant is circulaterl frnm and to the conl storage
heat cxchangcr ll through thc cjcctor 9, thc evaporator 8 anil
the bypass flow passage 12 (thc check valve 13). As above,
the same effect to the lirst embodiment can be obtained in
the seventh embodiment.

Accorihng to the above seventh embodiment, the refng-
erating cycle for the normal conling operation is compnsed
of the compressor I, the condenser device 6, the expansion
valve 7, thc cool storage heat cxchangcr ll, thc check valve
18, and thc evaporator 8 And another (second) rcfrigcratin
cycle for the utoltn ~ operauon with the stored coohn ~

energy dunng the compressor operauon ts stopped is com-
posed of the cool storage heat exchanger 11, the ejector 9

(the suctinn port and the outlet pnrt), the evaporator 8, and
the bypass tlnw passage 12 including the check valve 13

Eighth Embodiment

I'IG 21 shows an eighth embodiment of the present
invention, which diflcrs from thc above scvcnth embodi-
ment in that a control valve 15 is provided in thc driving flow
passage 14 and thc control valve 15 is controlled by A/C
control unit (not shown in FIG. 21).

The control valve 15 is closed in the nomial cooling
operation, while it is opcncd in thc cooling operation durin
the cnginc and thc compressor arc stopped. Accordin ly, the
same operation anil effect to the first embodiment can be
obtained.

The control valve 15 is npened in the cooling operation
during the cnginc and thc compressor arc stopped, as
dcscribcd above Thc cjcctor 9 is thcreforc opcratcd only
during the control valve 15 is opened, so that an operauon
penod of. Ihe elector 9 can be reduced m comparison with the
seventh embodiment (FIGS. 19 e9 2U). As a result, since the
performance degradation of the ejectnr 9 hy its wear can be
suppressed, a material having a high wear and abrasion

in

ss

resistance is not neu:mary for the ejector 9 to thereby make
the manufacturing cost lower.

What is claimed is
I An air conditioning system for a vehicle, an internal

combustion engine of which is temporarily stoppcrl, com-
pnsing

a compressor dnven by the engine,
a comlenser device for heat radiaung anil comlensing

refrigerant pumped out frnm the compressor;
to a depressurizing means tnr depressurizing the refrigerant

discharged from the cnndenser device,
an evaporator opcrativcly conncctcd to thc dcprcssurizin

means for evaporating thc dcprcssurizcd refrigerant
anil thereby cooling air to be blown into a passenger
room of the vehicle;

a cool storage heat exchanger provided at an upstream
side of the evapnrator and havmg cool storage material
which will be cooled down by the depressunzed refrig-
erant during thc compressor is opcratcd; and

zo an clcctronic control unit for controlling thc operation of
the above components,

wherein the air condiuonmg system further utmprises.
a bypass passage connected between an inlet side of the

cnmpressor and a downstream side of the depressuriz-
ing, means and having a check valve for flnwing the
rcfrigcrant from thc inlet side of thc compressor to thc
ilownstream side of thc dcprcssurizing means;

a dnving flow passage branching olf from an upstream
side of the depressurizing means and having a control
valve for npening and closing the dnving flow passage;

an ejectnr having a high pressure inlet port cnnnected to
the driving flow passage and a suction port connecterl
to thc cool stnragc heat cxchangcr, in which a nozzle of
thc ejector cnnverts prcssure cncrgy of thc high prcs-
sure refrigerant from the dnving tlow passage mto
speed energy by depressunzing anil expanding the
refrigerant, the ejector sucks the refrigerant from the
cnol storage heat exchanger by jet flow of the refrig-
erant ejected frnm the nozzle and having a high tlnw

ao velocity, and a pressure increasing portion of thc ejector
mixes thc cjectcd refrigerant with thc sucked refriger-
ant and converts the speed energy into the pressure
energy to increase the pressure of the refngerant to be
supplied to the evaporator,

wherein the electronic cnntrnl unit controls the control
valve to open the driving floiv passage and to start the
operation of thc cjcctor, v.hcn thc operation of thc
compressor is stopped duc to thc temporal operational
stop of. the engine.

o 2 An mr conditioning system for a vehicle, an internal
combustion engine of which is temporarily stopped, com-

pr 1 sl fl g
a cnmpressor driven by the engine;
a condenser device for heat railiating and condcnsin

.s rcfrigcrant pumped out from thc compressor;
a depressunzing means for depressurinng the relngerant

discharged from the condenser device,
an evaporator operatively connected to the depressurizing

means for evaporating the depressurized refrigerant
and thereby cooling air to be blown into a passenger
room of the vehicle;

a cool storage heat cxchangcr proviilcil at an upstream
side ol the evaporator aml having cool storage matenal
which will be cooled down by the depressunzeil relng-

ss erant dunng the compressor is operated, aml
an electrnnic contrnl unit for controlhng the operation of

the above cnmponents,
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wherein the air condiuoning system further compnses.
a driving floiv passage branching oft'rom an upstream

side of thc dcprcssurizing means and having a control
valve for opening and closing thc drivin floiv passage,

a suction flow passage branching off from an inlet side of
the compressor;

an elector having a high pressure inlet port rxmnected to
the driving flow passage and a sucuon port connected
to Ihe suchon tlow passage, in which a nozzle of the
ejector converts pressure energy of the high-pressure
refrigerant from the driving, flow passage into speed
cncrgy by dcprcssurizing and cxpandin thc refriger-
ant, the ejector sucks thc rcfrigcrant from thc suction
flov. passage by jct flow of thc refrigerant cjcctcd from
the nozzle and having a high flow velocity, and a

pressure increasing pornon of Ihe ejector mixes the
ejected refrigerant with the sucked refrigerant and
converts the speed energy into the pressure energy to
incrcasc thc prcssure of thc rcfrigcrant to bc supplied to
thc evaporator, 30

wherein the electronic conlrol unit controls the control
valve to open the dnving flow passage and to start the
operation of the ejector, when the operation of the
compressor is stopped duc to thc temporal operational
stop of thc cnginc.

3. An air con&huoning system accordmg to claim 2,
wherein

thc dcprcssurizing means is composed of a fixcd orifice
an&1 a gas-liquid separator m provided at the inlet side
of the compressor, wherein Ihe suction flow passage
branches os from Ihe gas-liquid separator.

4. An air conllitioning system for a vchiclc, an internal
combustion cnginc of which is temporarily stopped, com-
prising.

35a compressor dnven by the engine;
a condcnscr dcvicc for heat radiating and condcnsin

refrigerant pumped out from the compressor;
a depressurimng means for rlepressurizing the refngerant

discharged from thc condenser dcvicc;
30

an evaporator operatively connected lo Ihe depressunzin ~

means for evaporaung the depressunzed refngerant
and thereby cooling air to be blown into a passenger
room of the vehicle;

a cool storage heat exchanger provided at a ilownstream
side of the evaporator and having cool storage material
which will be cooled down by the depressurizeil refmg-
erant during the compressor is operated; and

an clcctronic control unit for controllin thc operation of
the above components,

ivherein the air conditioning system further comprises
a dmving flow passage branchin ~ off from an upstream

side of the depressunzing, means and having a control
valve for opening and closing the driving tlow passage,

a sucuon flow passage branching off from an inlet sr&le of
the compressor; and

an elector having a high pressure inlet port rxmnected to
the driving flow passage and a sucuon port connected
to the suction flow passage, in which a nozzle of the
ejector converts pressure energy of the high-pressure
rcfrigcrant from thc driving flow passa c into specll
cncrgy by dcprcssurizing and cxpandin thc refriger-
ant, Ihe elector sucks lhe refrigeranl from Ihe suction
flow passage by let tlow of: the refri erant ejected from
the nozzle and having a high flow velocity, and a ss
pressure increasing portion of the ejector mixes the
ejected refrigerant with the sucked refrigerant and

converts Ihe speed energy into the pressure energy to
increase the pressure of the refrigerant to he supplied to
the evaporator,

wherein the electronic control unit controls the control
valve to open thc driving flow passage anil to start thc
operation of thc cjcctor, v.hcn thc operation of thc
compressor is siopped due lo the temporal operational
slop of. the engine.

5 An air conditioning system accorrhng to claim 4,
wherem

the depressurizing means is composed of a fixerl orifice
and a gas-liquid separator is provided at thc inlet side
of thc compressor, wherein thc suction flow passage
branches olf from the gas-liquid separator.

6 An mr conditioning system for a vehicle, an internal
combustion engine of ivhich is temporarily stopped, com-
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a compressor driven hy the engine;
a condenser device for heat ralliating and condcnsin

rcfrigcrant pumped out from thc compressor;
a depressunzing means for depressuritnng the refngerant

discharged from the condenser device,
an evaporator operatively connected to the depressurizing

means for evaporating the depressurized refrigerant
and thereby cooling air to he blown into a passenger
room of the vehicle;

a cool storage heat cxchangcr conncctcd in scrics with thc
evaporator and having cool storage matenal which will
be cooled down by the depressumzed refrigeranl during
the compressor is operated; and

an electronic control unit for controlhng the operation of
the above components,

wherein the depressurizing means is composed of a
variable orifice controlled by thc clcctronic control
unit, aml

wherein Ihe air condiuonmg system further otmprises.
a suction flow passage branching os from an inlet side of

the compressor; and
an ejector having a high pressure inlet port connected to

thc dcpressurizing means and a suction port conncctcd
to thc suction flow passage, in which a nozzle of thc
ejector converts pressure energy of the high pressure
refrigerant from the depressunzin ~ means inlo speed
energy by depressumzing and expanding the refn er-
ant, the ejector sucks the refngerant from the suction
flow passage by jet floiv of the refrigerant ejected from
thc nozzle and having a high flow velocity, and a
prcssure increasing portion of thc cjcctor mixes thc
ejected refngeranl with the sucked refrigerant and
converts Ihe speed energy into the pressure energy to
increase the pressure of the refri erant to be operatively
supplied to the evaporator and the cool storage heat
exchanger connected in series with the evaporator.

7 An air conditioning system accorlling to claim 6,
whcrcin

a gas-liquid separator is provided at the inlet side of the
compressor, wherein the suction flow passage branches
off from the gas-liquid separator.

fl An air conditioning system accorrhng to claim 7,
wherem

thc rcfrigcrant from thc cjcctor is supplied to thc gas-
liquid separator, and

the evaporator and the cool storage heat exchanger are
provided in senes in the suction flow passage.

9 An mr conditioning system for a vehicle, an internal
combustion engine of ivhich is temporarily stopped, com-
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a compressor dmven by lhe engine,
a condenser device for heat radiating anil condensing

refrigerant pumped out from the compressor;
a depressurimng means for rlepressurizing the refngerant

discharged from thc condenser dcvicc;
an evaporator opcrativcly conncclcd to thc dcprcssurizin

means for evaporaung &he depressunzed refngerant
an&1 thereby coohng air to be blown into a passen er
room of the vehicle;

a cool storage heat exchanger having cool storage mate-
rial ivhich will be cnolerl down by the depressurwed
rcfrigcrant during thc compressor is opcramd; anil

an clcctronic control unit for controflin thc operation of
the above components,

wherein the depressunzing means &s compose&1 of a is
variable orihce controlled by the electronic control
unit, and

ivherein the air conditioning system further comprises
a suction flow passage branching ofl from an inlet side of

thc compressor, thc cool storage heat cxchangcr bein zo

provided in the sucuon flow passa e,
an elector having a high pressure inlet port rxmnected to

the depressurizing means and a suctinn port connected
to the suction flow passage, in which a nozzle of the
ejector converts pressure energy of the high pressure
rcfrigcrant from thc rlcprcssurizing means into specrl
cncrgy by dcprcssurizing and cxpandin thc refriger-
ant, Ihe elector sucks the refrigeranl from Ihe suction
flow passage by let tlow of the refri erant ejected from
the nozzle and havmg a high flow velocity, and a
pressure increasing portion nf the ejector mixes the
ejected refrigerant with the sucked refrigerant and
converts thc spccd cncrgy into thc prcssure cncr y to
incrcasc thc prcssure of thc rcfrigcrant Io bc supplied to
the evaporator. 35

lflz An air con&luioning system according to claim 9,
wherein

a gas-liquid separator is provided at the inlet side of the
compressor, wherem the suction flnw passage branches
off from thc gas-liquirl separator, ao

11. An air conditioning system for a vchiclc, an internal
combusuon engine of which is temporamly stopped, com-
prising.

a compressor dmven by lhe engine,
a condenser device for heat radiating anil condensing

refrigerant pumped out from the compressor;

a depressunzing means for depressuriinng the relngerant
discharged from the condenser device,

an evaporator operatively connected to the depressurizing
means for evaporaung the depressurized relngerant
and thereby cooling air to be blown into a passenger
room of the vehicle;

a cool storage heat exchanger provided at an upstream
side of the evaporator and havmg cool storage material
which will be cooled down by the depressunzed refrig-
erant during thc compressor is opcratcd;

a bypass passage connected between an inlet side of the
cnmpressor and a downstream side of the cool storage
heat exchanger and having a check valve for flowin
thc refrigerant from thc inlet side of thc compressor to
the downstream side of. the cool storage heat
exchanger;

a rlmving flow passage branching oft'rom an upstream
side of Ihe depressurizing means, aml

an clcctor having a hi h prcssure inlet port conncctcd to
thc driving floe. passage and a suction port conncctcd
ti& Ihe cool storage heal exchanger, in which a nozzle of
the elector converm pressure ener y of the high-pres-
sure refrigerant from the driving flow passage into
speed energy by depressurizing and expanrling the
rcfrigcrant, thc cjcctor sucl s the rcfrigcrant from thc
cool stora c heat cxchangcr by jct flow of thc rcfrig-
crant cjcctcrl from thc nozzle anil having a high flow
velocitv, and a pressure mcreasing poruon of the elector
mixes Ihe elected refngerant with the sucked refn er-
ant and converts the speed energy mto the pressure
energy to increase the pressure of the refngerant to be
supplied to the evaporator,

wherein the ejector is operated by a pressure difference,
when the operation of the compressor is stopped due to
thc temporal operational stop of thc cnginc.

12. An air conditioning system according to claim 11,
further comprising:

a control valve provided in the driving tlow passage for
opening and closing the driving tlow passage; and

an electromc control unit for controlling lhe control valve
when the operation of the compressor is stopped due to
the temporal operational stop of the engine, so that the
cjcctor starts its operation by the prcssure diffcrcncc.


