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(57) ABSTRACT

A refri eranon cycle for a vehicle air conclinoner has a

bypass passage between a rxrmpressor and an evaporator. In
a heating mode, high-temperature gas refri erant discharged
from the compressor is directly introduced into the evapo-
rator throu h thc bypass passa c whik bypassin a con-
dcnscr to improve a heating performance of thc air condi-
tioner. When a refrigerant recovery mode in which
refngerant stayin ~ in the condenser is forcecl to be dis-
charged and introduced into the evaporator is set, a passage
betsveen the condenser and the evaporator in svhich a
thermostatic expansion valve is disposed is controlled to be
openecl a preclctcrminccl amount. As a result, refrigerant
stayin in thc condenser is sccurcly returnecl to thc evapo-
rator even svhcn a tcmpcrature of outside air is cxtrcmcly
low aml the expansion valve is closed.
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REFRIGERATION CYCLE FOR VEHICLE
AIR CONDITIONER

CROSS REFERENCE TO RELATED
APPLIC:ATIONS

This application relates to and claims priority from Japa-
ncsc Patent Application No. 11-217900 filed on Jul. 30,
1999, thc contents of which are herc(&y incorporated by
fcfcfl:lice.

1))
BACKGROUND OF THE INVENTION

l. I'ield of the Invention
The present mvention relates generally to refrigeration

cycles, and particularly to a refrigeration cycle for a vehicle
air conditioner in which high-temperature gas refrigerant
discharge(i from a compressor is directly introduced into an
evaporator. The evaporator functions as a radiator for radi-
ating heat of the gas refrigerant to improve heaung perfor-
mance of the air comlitioner.

2 Related Art

Conventionally, when avehicle air conditinner isoperated
in a heating mode in winter, high-temperature engine cool-
ant for cooling an cnginc of a vehicle tlows throu h a
heating heat exchanger. Thc heat exchanger perfornis heat „xs
exchange between air aml engine coolant so that air is
heaterl. However, when a temperature of engine coolant is
relattvely low, air passing through the heat exchanger may
insuffliciently heated and a temperature of air blown into a
passenger compartment of the vehicle may be lowered I)
Thus, hcatin performance of thc air conditioner may bc
dcclincd

JP-A-5-272817 discloses a refrigeration cycle for a
vehicle air conrlitioner. In the refrigerauon cycle, when a
temperature of engine coolant is relatively low at a time of.

starting the engine, high-temperature gas refrigerant dis-
charged from a compressor directly introduced into an
evaporatnr through a bypass passage ivhile bypassing a
condenser. Thc evaporator radiates heat of gas refrigerant
toward air to heat air.

Further, cxccss or shortage of an aniount of refrigerant
circulating through thc cycle is detcctcd according to a cycle
high prcssure of refrigerant detected in the vicinity of an
outlet of the compressor. When the amount of. refrigerant
circulating through the cycle is ludged excessive, relrigerant j5
is supplied to the condenser When the amount of refrigerant
circulating through the cycle is judged insufficient, refrig-
erant staying in the condenser is forced to be discharged and
introduced to thc evaporator. Rcfri orant staying in the
condenser is returned to thc evaporator by operating the
compressor while an inlet of the condenser is opened anil an
inlet of the bypass passage is closerl, that is, in a normal
cooling mode

Generally, a separator which separates gas-hquid two-
phase refrigerant into gas refrigerant aml liquid relingerant
and stores liquid refrigerant therein is connected tn an nutlet
of the condenser. In the cooling mode, high-pressure liquid
rcfngcrant discharged from thc separator is decompressed
by a thermostatic expansion valve, and low-prcssure rcfri-
crant dccomprcsscd by thc expansion valve is evaporated by 6()

the evaporator. An opening degree of the expansion valve is
iuliusted so that refrigerant rlischarged from ihe evaporator
has a predetermined degree of superheat such as l(p C,
under normal operation conditions in the cooling mode such
as a cycle low prcssure is sct to 2—5 kpgcm G. 66

llowever, when outside air has an extremely low tem-
perature such as — 10'. or lnwer, since a temperature sensor

of. the expansion valve also) has a temperature substanually
the same as a temperature of outside air at a time of starting
a heating mode, a pressure of refrigerant in the temperature
sensor is decreased to an extremely lmv value in comparison
with that in the cooling morlc. As a result, an opening degrcc
of thc expansion valve becomes smail, anti thc expansion
valve may be eventually closed when the temperature of
outside air is further decreased. Therefore, even when refng-
erant staying in the condenser is forced to be returned to the
evaporator, refrigerant may not be sufliciently returned to
the evaporator

SUMMARY OF THE INVENTION

In view of thc fore oing problems, it is an object of thc
present invention to provide a rcfri oration cycle in which
rcfri crant staying in a condcnscr is forccrl to bc returned to
an evaporator even when a temperature ol. ouuside air is
extremely low.

According to the present invenuon, a refrigeration cycle
through ivhich a refrigerant floivs has a compressor ivhich
compresses the refri erant and discharges a gas refrigerant,
a condenser which conrlcnses thc gas refrignant discharged
from thc compressor, a decompressing unit which dccom-
presses the relingerant condensed by the conrlenser, an
evaporator which evaporates the refrigerant decompressed
bv the decompressing unit, a bypass passage which directly
connects an outlet of the compressor to an inlet of the
evaporator. 'I'he gas refri erant dischar ed from the com-
pressor is rlircctly introduccrl into the evaporator through thc
bypass passage in a heating motte. Thc dccomprcssing unit
is disposed in a passage between the condenser and the
evaporator. The passage between the comlenser and the
evaporator is opened a predetermmed amount when a refng-
erant recovery mode in ivhich the refrigerant staying in the
condenser is forced to be discharged and introduced into the
evaporator is sct.

As a result, communication between the conrlcnscr and
the evaporator is sccurcrl rlurin thc refrigerant rccovcry
mode, anil refwgerant staying in the condenser is securely
returned to the evaporator even when a temperature of
outside air is extremelv low

Preferably, the decompressing unit is a thermostatic
eiqiansion valve including a temperature detector which
detects a tenipcraturc of thc refrigerant rlischargcd from thc
evaporator. Thc thermostatic expansion valve is opcncrl until
a tempcraturc of thc refrigerant discharge(1 from the evapo-
rator detected by the temperature detector is decreased —30'.

and lower.

BRIEF DESCRIPTION OF THE DRAWINGS

This and other objects anti fcaturcs of thc prcscnt inven-
tion will become morc readily apparent from a i)atter under-
standing of the preferred cnibodimcnts dcscrilied bcloiv with
reference to the accompanying tlrawings, in which.

FIG. 1 is a schematic duigram showing a relngerauon
cycle R)r a vehicle air comhtioner accorrling to a iirst
preferred embodiment of the present invention;

FIG. 2 is a parually secuonal view showing a thermos(atm.
expansion valve according to the first embodiment,

FIG. 3 ts a graph showing a relationship between a

temperature ol. a temperature de(acing cyliniler and a cycle
low pressure of the refrigeration cycle according to the first
embodiment;

FIG. 4 ts a schemauc diagram showing a relngerauon
cycle for a vehicle air conditioner according to a second
preferred embodiment of the present invention;
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FIG. 5 is a sectional view shov:ing an eleclnc expansion
valve accorrling tn the second embndiment;

I'IG. 6 is a schematic diagram showing a refrigeration
cycle for a vehicle air cnnditioner according to a third
prcfcrrcd cmborliment of thc present invention; and

I'l(i 7 is a graph showing a relationship hetiveen a
temperature nf a temperature detecting cylinder and a cycle
low prcssure of a refrigeration cycle according to a fourth
prcfcrrcd embodiment of thc present invention.

I it
DETAILED DESCRIPTION OF THE

PREFERRED EMBODIMENTS

Prcfcrrcd embodiments of thc present invention are
descnbeif hereinafter v:ith reference lo Ihe accompanying
drawings. is
(I'irst L'mhodiment)

A firs preferred embndiment of the present invention will
lie described with reference to I'I(iS I—3 In the first
cmborhmcnt, thc prcscnt invention is applied to a refrigera-
tion cycle for a vchiclc air conditioner, As shown in FIG. 1, ao

a compressor 10 of Ihe reingeration cycle is rfriven by a
water-cooleif engine 12 of a vehicle through an electromag-
netic clutch 11. An nutlet of the compressor 10 is connected
to a cnndenser 14 through a cooling first electromagnetic
valve 13. An nutlet of the condenser 14 is connected to a as
separator 15 which separates gas-liquid two-phase refriger-
ant into as rcfri crant and liquid rcfri erant and stores
liquid refngerant therein. An electnc cooling fan 14u blows
air outsnfe a passenger compartment of the vehicle
(hereinafter referred tn as outside air) toward the condenser .io

14 for cooling.
An outlet of the separator 15 is connected to a cooling

thermostatic expansion valve 16. An outlet of thc expansion
valve 16 is connected to an inict of an evaporator 18 through
a checl valve 17.An outlet of the evaporator 18 is monocled is
to an inlet of the compremor 10 through a separator 19. As
well known, an opemng rfegree of. the expansion valve 16 is
adjusted so that a degree of superheat of refrigerant dis-
charged from the evaporator 18 becomes a predetermined
value in a normal cooling mode. The separator 19 separates so
gas-liquid two-phase refrigerant into gas refrigerant and
liquid refrigerant and stores liquid refrigerant therein. The.

compressor 1U sucl s gas refrigerant and a relauvely small
amount of liquid refrigerant in which oil is dissolved from
the separator 19 LS

I'urther, a bypass passage 20 is formed between the outlet
of thc compressor 10 and the inlet of the evaporator 18.
Rcfrigcrant discharged from thc compressor 10 flows
through Ihe bypass passage 20 into the evapiorator 18 while
bypassing the condenser 14. A healing seconrf electromag- so

nettc valve 21 and a healing throttle 2lu are disposed in Ihe
bypass passage 20. 'I'he throttle 21a is a fixed throttle such
as an oritice or a capillary tube.

Thc evaporator 18 is disposed in an air-conditioning case
22 to cool outside air or air inside thc passcngcr compart- ..
ment (hereinafter referrerf to as inside air) blown by an
electric blower 23 in the coolmg mode or cooling,'ehumidifyingmotte. In the heating motte in v:inter, high-
temperature gas refrigerant discharged from the compressor
10 is introduced into the evaporator 18 through the bypass RI

passage 20. As a result, the evaporator 18 radiates heat of thc
rcfn crant towarrl air flowing through the case 22 to heat air.
Thus, Ihe evaporator 18 functions as a radiator.

In the case 22, a heaung heal exchanger 24 is also
disposerf at a downstream mr side of. the evaporator 18. as
Lngme coolant discharged frnm the engine 12 tlows intn the
heating heat exchanger 24 I'he heating heat exchanger 24

performs heat exchange between engine coolant amf air
passing therethrough so that air is heated. 'I'he heated air is
hloivn into the passenger compartment from an air outlet
(not shown) formed in the case 22 at a downstream air side
of the hcatin heat cxchangcr 24. A hot water valve 25 is
disposed in a hot water circuit connected to thc hcatin heat
exchanger Z4 for controlling a flow rate of. engine coolant in
Ihe hot water circuit.

I'urther, the air conditioner has an electronic control unit
(LCU) 27 consisting of a micro-computer and peripheral
circuits. The LCU 27 executes calrulations on input signals
according to previously sct programs to control thc first and
second clcctroma nctic valves 13, 21, the electromagnetic
clutch 11, the cooing fan 14u, the blower Z3, the hot water
valve Z5 and so on. Various signals from a sensor group 28
are input to the LCU 27. 'I'he sensor group 28 includes an
engine coolant temperature sensor for detecting a tempera-
ture of engine coolant, an outside air temperature sensor for
detcctin a teniperaturc of outsirlc air, an inside air tempcra-
turc sensor for rlctcctin a tempcraturc of inside air and an
evaporalor air lemperature sensor for detecting a tempera-
ture of air havmg passed through Ihe evaporator 18 and so
on Various signals from an operation switch group 29
disposed on an operation panel of the air conditinner are also
input to the L'('U 27 The operation switch group 29 includes
a coolin mode setting switch, a heating mode setting switch
and so on.

Next, Ihe expansion valve 16 will be deacnbed in detail
with reference Lo FIG. 2. As shown in FIG. 2, the expansion
valve 16 has a case 160 made of metal such as aluminum
The case 160 has an inlet 161 through ivhich liquid refrig-
erant from the separator 15 is introduced. 'I'he inlet 161
communicatcsivith a throttle passe c 162 formcrl in thc case
160. An opening dcgrcc of the throttle passage 162 is
adjusted by a spherical valve body 163. W'hen a diaphragm
166 is displaced through a valve roil 164 and a stopper 165,
Ihe valve body 163 ts moved, thereby adfusung an opening
degree of the throttle passage 162 Refrigerant is decom-
pressed while floiving through the throttle passage 162 and
bccomcs low-tcmpcraturc low-prcssure gas-liquid tv o-
phasc refrigerant. Thc low-tcmpcrature low-pressure gas-
liquid Lwo-phase relngerant is discharged from an outlet 167
of. Lhe case 16U anil flows into the inlet of the evaporator 18
through Ihe check valve 17.

The diaphragm 166 is held and fastened to a diaphragm
case 168 An inside of the diaphra m case 168 is partitioned
into an upper room 169 and a lower room 170 by thc
diaphra m 166. The upper room 169 communicatcs with a
temperature detecun ~ cylintler 171 which detects a tempera-
ture of relngerant discharged from the evaporator 18. The
temperature detecting cylinder 171 is formetf into a cyhnder
and is made of metal having a relatively high heat conduc-
tivity such as copper 'I'he temperature detectmg cylinder
171 is attached to a surface of a refrigerant pipe adjacent to
the outlet of thc evaporator 18.

The upper room 169 anil Ihe temperature detecting cyl-
mder 171 are constantly Iilleil with a gas refrigerant. The gas
refwgerant contained in the upper room 169 anti the tem-
perature detecting cylinder 171 is different from a refrigerant
circulating through the refri eration cycle In the first
cmborlimcnt, hydrofluorocarlion 134a (HFC134a) is uscrl as
a refrigerant circulating throu h the cycle, anti HFC23 is
used as a refri erant containetl in the upper room 169 and Lhe

temperature detecting cylimler 171.
An adsorbent 172 which atlsorbs or releases gas refng-

erant according to a temperature thereof is sealed in the
temperature detecting cylinder 171. 'I'he adsorbent 172 is



U,"a fj.244,060 Bl

made of granular activated carbon, for example. When a
temperature of the adsorbent 172 is increased, the adsorbent
172 releases gas refrigerant adsorlied therein When a tem-
perature ot'he adsorbent 172 is decreased, the arisorbent 172
arlsorbs as rcfri crant. Thcrcforc, a prcssure of gas rcfrig-
crant in thc tcmpcrature detecting cylinder 171 changes
accordtng to a temperature of reltngerant discharged from
the evaporator 18

A temperature of the adsorbent 172 is delayed to change
in a response to a change in a temperature of gas refrigerant in
in the temperature detecting cylinder 171 due to a heat
capacity of thc arlsorbcnt 172. Thrrcforc, a pressure of gas
rcfngcrant in thc tcmpcraturc dctcctin cylinder 171 is also
delayed to change in a response to a change in a temperature.
of refngerant discharged from the evaporator 18. As a result,
hunting nf the expansion valve 16 is prevented I'urther, an
outer equalizing pipe 173 is connected to the Ioiver room
170. A pressure ot'efrigerant discharged from the evapo-
rator 18 is introrluccd into thc lower room 170 through thr
outcr equalizing pipe 173. o

The valve body 163 is held by a valve receiver 174 so that
a coil spwng 175 applies force to the valve body 163. The
coil spring 175 is held by an annular adjusting screw 176
'I'he adjusting screw 176 is screwed in a screiv hole formed
in the case 160. Therefore, a mounting load of the spring coil zs
175 is adjusted by adjustin a ti htrning position of the
adjusting screw 176. As a result, a degree of superheat of
relngerant dischargeri from the evaporator 18U is ariiusted.

Next, operation of the refrigeranon cycle accorriing to the.

first embnrliment will be described with reference to I'IG. I .ic

In the cooling mode, the tirst electromagnetic valve 13 is
opened anil the second electrnmagnetic valve 21 is closed by
thc ECU 27. Thcrcforc, when thc cicctroniagnetic clutch 11
connects thc cnginc 12 to thc compressor 10 so that thr
compressor 10 is ilnven by the engine 12, gas refrigerant is
discharged I rom the compressor IU fiows into the mndenser
14 through the lirst electromagnetic valve 13. The mndenser
14 cools and condenses refrigerant by air blown by the
cooling fan 14n I'he refrigerant condensed by the condenser
14 is separated by thc separator 15 into gas refrigerant and xo

liquid refrigerant, and oniy liquid refri erant is dcconi-
pressed by the expaniuon valve 16 to become low-
temperature low-pressure gas-liquid two-phase refrigerant.

Next, the low-temperature low-pressure refngerant fiows
into the evaporator 18 through the check valve 17 tn be as
evaporated ivhile absorliing heat frnm air bloivn by the
blower 23. As a result, air is cooled by thc evaporator 18 and
is blown into thc passcngcr compartment for cooling thr
passenger compartment. Refrigerant evaporated by the
evaporator 18 becomes gas refrigerant and is sucked by the so
compressor 10 through the separator 19 to be compresseii
therein

In the heating mnde in winter, the first electromagnetic
valve 13 is closed and thc second electromagnetic valve 21
ts opcncrl by thc ECU 27, thereby opening the bypass ..
passage 20. As a result, high-temperature gas refrigerant
dischargeil from the compressor 10 flows through the second
electromagnetic valve 21 and the thronle 2fa to be.

decompresserl, and then flows into the evaporator 18 Gas
refrigerant from the bypass passage 20 is restricted from ac
flowing into thc expansion valve 16 by the check valve 17.

Thc evaporator 18 radiates heat of superheated as refrig-
erant towarri air flowing in the case 22 to heat air. When a
temperature of engine coolant is relatively high, air is further
heateri by the heating heat exchanger 24 into which engine as
coolant is introduced through the hnt water valve 25 I'he air
heated by the evaporator 18 and the heating heat exchanger

24 is blown into the passenger compartment for heanng the
passenger compartment (ias refrigerant having released
heat in the evaporator 18 is sucked into the compressor 10
through the separator 19 and is compressed by the compres-
sor 10.

In thc heating niode in winter, an amount of heat rekascrl
from gas rehngerant fiowing through the evaporator 18
corresponds to an amount of work of compression per-
fomied by the compressor 10 I'herefore, when an amount of
work of compression performed by the compressor 10 is
increased, an amount of heat radiation of the evaporator 18
is also incrcascd. To incrcasc an amount of work of com-
pression performed iiy the compressor 10, refrigerant stay-
mg in the condenser 14 needs to be discharged so that a

sulficient amount of. refrigerani circulates through the cycle
during a hot-gas bypass operation in ivhich the bypass
passage 20 is opened to improve a heating performance of
the air conditioner.

Refrigerant staying in thc condenser 14 is force(I to bc
dischar crl and introducerl to the evaporator 18 as follows
(hereinafter referred to as refngerant recovery mode). When
starting the hot-gas bypass operation, the electromagnetm
clutch 11 is turned on for a predetermined time such as thirty
seconds using a timer to start the compressor 10. At the same
time, the cooling fan 14a and the blower 23 are turned off,
and thc first and second clcctroma nctic valves 13, 21 are
closed. Since thc first and second electromagnetic valves 13,
21 are closed, the cycle at a downstream side of the outlet
of. the compressor 10 is closed. As a result, a pressure of
refrigerant in the cycle is decreased due to suction operation
by the compressor 10, and refrigerant staying in the con-
denser 14 is forced to be discharged and introducerl to the
evaporator 18. Thus, the refrigerant recovery mode is sct.
Thc refrigerant recovery morlc may iic set while thc first
electromagnenc valve 13 is opened, that is, while sating a
cooling mode in which refngeration cycle is operated nor-
mally.

When a setting time of the refrigerant recovery mode
exceeds the predetermined time such as thirty seconds, the
second elcctroniagnctic valve 21 is opcncd while the first
clcctromagnetic valve 13 is kept close(I. Thc electromag-
netic clutch 11 is kept to be turned on, and the blower 23 is
turned on. As a result, the heatmg mode is starteri while the
bvpass passage 20 ts opened.

Ilowever, when the refrigerant recovery mode is set when
a temperature of outside air is extremelv low such as —IU',

or lower in cold rlistricts, an opening rlc rcc of thc
expansion valve 16 bccomcs small. When the tcmpcraturc of
outside air ts further decreased, the expansion valve 16 is
closed. As a result, the expansion valve 16 restncts refng-
erant stayin ~ in the condenser 14 from being introduced into
the evaporator 18, and refrigerant staying in the condenser
14 is insufficiently returned to the evaporator 18

Next, operation characteristics of thc expansion valve 16
according to thc first embodiment will be el(scribed with
reference to FIG. 3. In FIG. 3, a temperature of the tem-
perature detectmg cylinder 171 is plot(eel on a honzontal
axis. A cycle low pressure of refrigerant introduced into the
lower room 170 of the expansion valve 16 through the outer
equalizing pipe 173, that is, a pressure of refrigerant dis-
char cd from thc evaporator 18, is plotted on a vertical axis.

A broken linc C-I shows a state of refrigerant rlischar crl
from an evaporator of a rxinventional refrigeranon cycle in
which a convennonal thermostauc expansion valve is used.
A sohd hne C-3 shows a state of refwgerant discharged from
the evaporator 18 of the refrigeration cycle accordin to the
first embodiment in which the expansion valve 16 is used A



U,"& 6.244,060 Bl

one-clot-chain line C-2 shows saturation pressure character-
istics of I II'('.134a circulating the cycle. Although not shn&vn

in 11G. 3, a pressure nf refrigerant in the temperature
detecting cylinder 171 is larger than a cycle In&v pressure by
a prcdctcrmincd value which cnrrcsponds tn a mounting
load of thc coil spring 175. An arrow SD indicates a
superheat &legree which corresponds to a temperature, cfiT.-

terence between C-1 and C-2. The expansion valve is
opened at a right side nt'-I and is closed at a left side of
C-I as indicated hy arroivs. io

In ('-I, an amount nt'adsorbent contained in a temperature
detecting cylinclcr and a mounting inad of a coil spring are
sct so that rcfngcrant discharged front thr evaporator has a
predetermined &legree of superheat such as 10'. under
normal operation conditions in a cooling mode such as a
cycle low pressure is set tn 2—5 kg,'cm G In C-3 according
to the first embodiment, the amount nf the adsorbent 172 is
decreased in cnmparison with that nt'(51. I'nr example, the
amount of thc adsorbent 172 in C-3 is sct to 5 g vvhilc that
of ('-1 is 8 g. o

Stnce an amount of. lhe adsorbent is relauvely lar e, in
C-f, when a temperature of. lhe temperature detecting cyl-
inder is relatively high, an amnunt nf gas refrigerant released
from the acLsorl&ent is increased, thereby increasing a pres-
sure of refrigerant in the temperature detecting cylinder As zs
a result, an opening degree of the cxpansinn valve is
incrcascd and a cycle low pressure is increased. However,
when a temperature of. the temperature detecting cyhnder is
relattvely low, an amount of. gas refngeranl adsorbed by lhe.

adsorbent is increased, thereby decreasing a pressure of .io

refrigerant in the temperature detecting cylinder. As a result,
an opening degree of the expansion valve is decreased and
a cycle low prcssure is decreased.

In C-3 according to thr first enif&odimrnt, thr amount of
the adsorbent 172 is smaller than that in C-I. Therefore, is
when a temperature of. the temperature detecting cylinder
171 is relatively high, an amount of gas refrigerant releasecf
from the adsorbent 172 is smaller than that nf (vl, thereby
decreasing an increasing rate nt' pressure nf refrigerant in
thc tcmpcraturc clctccting cylinder 171. As a result, an so
incrcasin rate of an opening dc rcr of the expansion valve
16 is decreasecl ancf an increasing rate of a cycle lov,
pressure is decreased. When a temperature of: the tempera-
lure clelecling cylinder 171 ts relatively low, an amount of
gas refrigerant adsnrbed hy the adsnrhent 172 becomes as
smaller than that in ('-I, and a decreasing rate of a pressure
of refrigerant in thc temperature detecting cylinder 171 is
dccrcascd. As a result, a decreasing rate of an opening
degree of lhe expansion valve 16 is decreased, and a
decreasing rate of a cycle low pressure ts cfecreased. Thus, so

in C-3, a change rate of a pressure of: refngeranl in lhe
temperature detecting cylinder 171 relative to a temperature
of the temperature detecting cylinder 171 is smaller than that
in C-1. That is, C-3 is morc inclined downwardly than C-1
in FIG. 3

In C-f, when a temperature of the temperature detecting
cylimler is decreased lo —22.5'., a cycle low pressure.
becomes — I kg/cm G. As a result, the expancuon valve.
remains to he closed due to a fnw pressure nf refrigerant in
the temperature detecting cylinder I'herefore, refrigerant ao

staying in a condcnscr can not bc returned tn the evaporator.
In C-3 according to thr first enif&odimrnt, thr amount of

the adsorbent 172 is decreasecf ao that a change rale of: a
pressure of refrigerant in the temperature cfelecung cylinder
171 relative to a temperature of. the temperature delecuing ss
cylinder 172 is decreased I'herefore, a pressure nf refrig-
erant in the temperature detecting cylinder 171 is maintained

lo a value which enables the expansion valve 16 to be
opened until a temperature of the temperature cletecting
cylinder 171 becomes lo&ver than —35''I'herefore, in the
first embodiment, refrigerant staying in the condenser 14 is
surely dischar ed and introcluccd to thc evaporator 18, ancl

thc air conditioner provides a sufyicicnt bcatin performance
in lhe healing mode while the bypass passage ZU is opened.

When ihe bypass passage 20 is I epi io be openecl for a

relatively long period of time such as one hnur nr longer,
refrigerant may be accumulated in the cnndenser 14 due to
leakage nf refrigerant at the electrnma netic valve 13 and
the check valve 17. Thcrcforc, thc refrigerant recovery mode
may bc sct not only when starting thc hot-gas bypass
operauon, but also when a predetermined penod of: ume
such as one hour has passed since the hot-gas bypass
operation has been started.
(Second Embodiment)

A second preferred embodiment nf the present invention
&vill be described with reference to FIGS. 4 and 5. In this ancl

followin embodiments, components which arc substan-
tially the same as those in previous embed&menus are
assigned lhe same relhrence numerals.

In the second embodiment, as shown in I IG 4, an electric
expansion valve 56 &vhich adjusts an npening de ree thereof
electrically is used as a cnoling decompressing unit instead
of thc expansion valve 16. The expansion valve 56 is
controlled to bc opened as thc refrigerant recovery mode is
set. The ref ngerani recovery mode is set for a precfeierminecf
penod of. ume after the heaung mode is sel with the bypass
passage 20 bein opened or the like. To control the expan-
sion valve 56, a temperature sensor 28n and a pressure
sensor 28/& are disposed in the vicinity of the outlet of the
evaporator 18. A tcmpcraturc of refrigerant dischargecl from
thc evaporator 18 clctcctccl by thc tcmpnaturc sensor Zga
and a pressure of. refngeranl chscharged from the evaporator
18 detected by the pressure sense&r 286 are input into ihe
ECLI 27.

As shown in I IG 5, the expansion valve 56 has an mlet
30 through &vhich refrigerant from the separator 15 is
introduced ancl an outlet 31 through which rcfri orant is
discharged toward thc evaporator 18. The expansion valve
56 also has a throttle passage 3Z extencfing between ihe inlet
30 and the outlet 31. An opening degree of the throule
passage 3Z is adjusted by a valve body 33. The valve body
33 is fern&ed integrally with an nperation axis 34. 'I'he valve
body 33 and the operation axis 34 are driven by a rntor 36
of a step niotor 35.

The step motor 35 has exciting coils 37, 38. Thc rotor 36
generales lorque due lo magnetic attraction or repulsion
between a magnetic pole generatecl by lhe exciung m&ifs 37,
38 aml a magneuc pole (i.e., north pole or south pole)
polarized on a permanent ma net 39 of the rntor 36 I'he

torque of the rotor 36 is cnnverted into displacement in an
axial direction of thc rotor 36 through thrcacl cngagcmcnt
bctwcen thc rotor 36 and a fixed holcling member 40
Therefore, ihe valve body 33 is displacecf in an axial
direction thereof through the operation axis 34, aml an
opening degree of the throttle passage 3Z is adjusted by the
valve f&ody 33. An amnunt of displacement of the valve body
33 in an axial direction of therenf, that is, an npening degree
of the throttle passa c 32, is determined by an input pulse
nun&bar applied to the exciting coils 37, 38.

According io ihe second embodiment, when the refnger-
ant recovery mode is set, a predetermined input pulse
number ts applied io lhe exciung coils 37, 38, thereby
opening the expansion valve 56. Therefore, even when a
temperature of outside air is extremely low so that the
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expansion valve 16 is closeri, refngeranl slaying in Ihe.

condenser 14 is securely returned to the evaporator IS
thrnugh the expansion valve 56.
(Third Embodiment)

A Ihiril preferred embodiment of. the present invention
will be described wuh reference to FIG. 6. In ihe third
emboihment, a bypass passage 41 is disposed in parallel
with the expansion valve 16 An electromagnetic valve 42 is
disposed in the bypass passage 41. When the refrigerant
rccovcry mode is sct, for exampic, for a prcdctcrmincd '"
pcmorl of time after startin the heating mode with thc
bypass passage 20 being openeri, Ihe electromagnetic valve
42 is controlled lo be opened. As a result, even when a
temperature of outside air is extremely low aml the expan-
sion valve 16 is closed, refrigerant staying in the condenser
14 is securely returned to the evaporator IS through the
bypass passu c 41.
(I'ourth Embodiment)

A fourth preferred embodiment of. the present invention
will be described with reference to l)IG 7 In the fnurth
embodiment, the temperature detecting cylinder 171 is filled
with a gas-liquid two-phase refrigerant tvhich is different
from HFC134a. Characteristics of thc fourth embodiment
arc shown by a solid linc C-4 in FIG. 7. The refrigerant
conte)neil in the temperature detecting cylimler 171 has a
smaller change rate of. a saturation pressure thereof relanve.
to temperature than that of III'C134a, at least ivhen a
temperature of the temperature detecting cylinder 171 is in
a range of lovv temperature, that is, lo)ver than O'. in 11G
7

I)

In thc fourth embodiment, the adsorbent 172 is omitted,
and Ihe temperature detecting cylinder 171 is filled v:ilh a

gas mixture of HCFC124 and nitrogen (Na) gas instead.
Gas-liquid Iwo-phase HCFC124 is contained in lhe tem-
perature detecting cylinder 171 and determines changing
characteristics of a saturation pressure nf the gas mixture in
thc tcmpcraturc dctcctin cylinder 171. N gas is constantly
kept in a gas phase in thc temperature detcctin cylinder
171, and incrcascs a prcssure of the gas niixturc in the
temperature iletecting cylinder 171.

According lo the fourth emboriiment, Ihe gas mixture of
I ICI'('I 24 and N, gas contained in the temperature detecting
cylinder 171 has a smaller change rate of a saturation
pressure thereof relative to temperature than that of ds
HFC134a, when a tcmpcrature of thc temperature detecting
cylinder 171 is rclativcly low. Therefore, as shown in FIG.
7, even when a temperature of the lemperalure detecting
cyltmler 171 is in the vicinity of —30'., a cycle. Iow
pressure is suliicienlly higher than that of C-f, in Ihe viciniiy
of 0 kg,'cm G Therefore, a pressure of refrigerant in the
temperature rletecting cylinder 171 is maintained to a value
which cnablcs thc expansion valve 16 to be opened, and
rcfngcrant staying in the condenser 14 is securely returned
Io Illa evdpt)rater Ig.

The first and second electromagnetic valves 13, 20 may be.

formml integrally into a mngle valve unit which switches
plural passages. I'he present invention is not limited to a
refrigeratinn cycle fnr a vehicle air conditioner, but may be
applied to any refrigeration cycle of various usa c.

Although thc prcscnt invention has been fully dcscribcd in
connection with prcfcrred eml&odimcnts thereof with refer-
ence to the accompanying rirav:ings, il is lo be noted that
vamous changes aml mothlications will become apparent io
those skilled in the art Such changes aml modilications are as
to be understood as heing within the scope of the present
invention as defined by the appended claims

W'hal ts claimed is.
1. A refn aration cycle through which a refri trent ilows

comprising:
a compressor ivhich compresses the refngerant and dis-

charges a as refrigerant,
a condenser which condenses the gas refrigerant dis-

charged from the compressor;
a decompressing unit which dccompresscs thc rcfri crant

condcnscd by thc con(tenser;
an evaporator ivhich evaporates the refrigerant decom-

pressed by the decompressing unit; and
a bypass passage ivhich directly connects an outlet of the

compressor to an inlet of the evaporator, the bypass
passage through which the gas refrigerant rlischar crl
from thc conipressor is directly introduced into thc
evaporator in a heating mode, wherein:
Ihe decompressing unit is disposed in a passage

between Ihe comlenser and the evaporator; and
the decompressing unit is disposed to alivays open the

passage betiveen the condenser and the evaporator
by a prcdcterniincd opening dcgrce when a refriger-
ant recovery mode in which the refrignant staying in
thc condenser is forced to be discharge(i and intro-
duced into the evaporator is set even in the heaun ~

mode.
2. The refrigeration cycle according to claim I, wherein
ihe decompressin ~ unit is a Ihermoslanc expansion valve

mcluihn ~ a temperature detector which detects a tem-
perature of the refrigerant discharged from the evapo-
rator; and

lhe lhermoslaiic expansion valve is opened unnl a tem-
perature of the refrigerant discharged from the evapo-
rator detected by the temperature detector is decreased
to -30'. and lotvcr.

3. Thc refrigeration cycle secor(ling to claim 2, wherein:
the temperature detector is hlled with a gas medium and

an adsorbent which adsorbs and rclcascs the as
medium according to a tcmperaturc of thc adsorbent;
aml

an amount of thc adsorbent containcrl in thc tcmperaturc
detector is sct so that thc thermostatic expansion valve
is opened until a temperature of the refri trent dis-
charged Irom ihe evaporator detected by the tempera-
ture detector is decreased to — 30' and lower

4. A refrigeration cycle throu h which a refrigerant flows
composing

a compressor which compresses the refri erant and dis-
charges a as refrigerant;

a comlenser which comlenses the gas refrigerant dis-
charged from the compressor;

a decompressing unit which decompresses the refngerant
condensed by the condenser;

an evaporator which evaporaies the relbgerant decom-
presseil by Ihe decompressing unit, anil

a bypass passage which directly connects an outlet of the
compressor io an mlet of. Ihe evaporator, ihe bypass
passage throu h which ihe gas refrigerant discharged
from the compressor is directlv introduced into the
evaporator in a heating mode, wherein
thc deconiprcssing unit is disposed in a passa i'cttvccnthe condenser anil thc evaporator;
Ihe passage between Ihe ix)ndenser and the evaporator

is opened a predetermined amount when a refrigerant
recovery mode in which ihe refngerant staying in ihe
condenser is forced to l)e discharged and introduced
into the evaporator is set;
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the decompressing unit ts a thermostauc expansion
valve including a temperature detectnr which detects
a temperature of the refrigerant discharged from the
evaporator;

thc thermostatic expansion vaive is opened until a
tcmpcraturc of thc refrigerant discharged from thc
evaporator deteclerl by Ihe temperature detector is
rlecreased to —30'. and lower, and

the temperature detector is filled ivith a gas-liquid
two-phase fluid having a smaller change rate of a
saturation pressure thereof relative to temperature
than that of thc refrigerant, so that the thermostatic
expansion valve is opened until a temperature of the
refrigerant rlischarged from the evaporator detected
by the temperature detector is decreased lo —30'.
and lower

5 A refrigeratinn cycle through which a refrigerant floivs
comprising:

a compressor which compresses Ihe refngeranl aml dis-
charges a gas refrigerant;

a condenser which condenses the gas refrigerant dis-
charged from the compressor;

a rlecompressing unit which decompresses the refrigerant
comlenserl by Ihe condenser,

an evaporator which evapnrates the refrigerant decom-
prcsscd by the decompressing unit; and

a bypass passage which (hrectly connects an outlet of. Ihe.

compressor to an inlet of the evaporator, the bypass
passage through which the gas refrigerant discharged
from the compressnr is directly introduced into the
evaporatnr in a heating mode, wherein:
thc decompressing unit is disposed in a passage

bctwccn the condcnscr and the evaporator;
the passage between the comlenser aml the evaporator

is opened a prmletermined amount when a relrigerant
recovery mode in which the refrigerant staying in Ihe
cnnrlenser is forced to be discharged and introduced
into the evaporator is set;

thc tlccomprcssing unit is a thermostatic expansion
valve including a temperature detector which detects
a temperature of the refrigerant (hschargerl from Ihe.

evap(i ruler;
the thermostatic expanmon valve is opened unnl a

temperature nf the refrigerant discharged from the
evaporator detected by the temperature detector is
decreased to -30', and lower; and

thc tcmpcrature dctcctor is flllcd with a gas-liquid
Iwo-phase fluul having a smaller change rate of a

saluraiion pressure thereof relative lo temperature
than that of thc rcfrigcrant when a tcmpcraturc of thc
temperature detector is O'. aml lower, so that lhe
thermostatic expansion valve is opened until a tem-
perature of the refrigerant discharged I rom the
evaporator detected by the temperature detector is
dccrcased to -30', and lower.

6. The refrigeration cycle according to claim I, wherein

the decompressing unit is an electncal expansion valve
which electrically adjusts an opening degree thereof;
anil

the electrical expansion valve is opened when the refrig-
eranl recovery mode is seu

7. 'I'he refrigeration cycle according to cia(m I, further
comprising:

a decompressing bypass ptissage through which the refrig-
erant flows bypassing the decompressing unit, anil

a valve disposed in thc tlccomprcssing bypass passa c,
Ihe valve which opens lhe decompressing bypass pas-
sa c when thc rcfri orant recovery mode is sct.

8. The refri erant cycle according to claim 1, wherein the
refrigerant remvery mode is set when temperature of outside

as air is lower than O'.
9. 'I'he refrigerant cycle according to cia(m I, wherein the

rcfri erant recovery mode is set ivhcn tempcraturc of thc
refrigerant discharged from the evaporator is lower than0'.

10. The refrigerant cycle accordmg to claim 1, wherein
the rcfrigcrant recovery mode is set when prcssure of
refrigerant in ihe cycle is lower than a saturation pressure of
the refrigerant having a temperature of0''1.

The rehngerant cycle according to claim 1, wherein the
decompression unit is a themio-expansion valve ivhich
abvays opens at least a part of the passage between the
condcnscr and thc evaporator.

12. Thc refrigerant cycle according to claim 1, further
composing.

(D
a hrst valve disposed to open and close a refrigerant flow

from the compressor to the condenser, and

a second valve tlisposcrl in thc bypass passage to open anil
close lhe bypass passage,

as wherein both the first and semnd valve are closed when
the refrigerant recovery mode is set during the heating
meric.

r a r r


