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A rcfngcration cycle system is disclosed. Upon gcncra(ion
of a start signal fiir a Imt gas heater cycle. the coolin mode
is first started thereby to start the dormant refrigerant recov-
ery mode (SIU) and. upon an increase in the compressor
discharge prcssure Pd io a predetennuicd setting PI, thc
cooling mode is ended and the compressor is su itched to the
oil'niode (S20, 830). Upon rhe lapse of a predetermmed time
ta in the off mode, the off mode is ended (S40) and the
iiinitiiig iiioiic wtdl flic lint giis lie&i(el'vcli: is static'd.
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REFRIGERATION CYCLE SYSTEM

BA(:K(IROUNI) Oll 11111 INVI',N'I'ION

I llield of the Im ention
lllc plcscul ulvcuuou rckllcslo B Icfrlgcldliou cycle

sysh:m luivulg Ihc lunchon of a hol gas healer using a Iirsl
heat exchanger (evaporator) as a gas refrigerant heat radiator
by introducin the refrigerant gas (hot gas) discharge front
a compressor directly into the first heat exchanger in heating
mode, or in patticular to a refrigeration cycle system suitably
used with, Ibr example. an automotive mr-Londuloning
system for controlling thc rclh crmll recovery mode 10

remover thc rcl)i erant (Includulg oil) staying domlanl ul a
second heat exchanger (cicndenser) into the first heat
exchmlger

2 Description of the l(elated Art
In Ihc convenhonal automotive air-Londilioiung syslmn,

hoi wah:r (engine cooing water) is ctrculatcsl m a healulg
heat exchanger duung the winter season, so that the air- 20

conditioning air Is heated by the heating heat exchanger v ith
the hot water as a heat source In the case where the hot
lvater is low in tempemsture. however, the temperature of the
air blown into the compartment is so lolv that the required
hcatulg abihty may sometimes not bc securccL

In vielv of this, a refri emotion cycle system capable of
exhibiting the heatin function usin a hot gas heater cycle
has been proposed. Iu this conventioltal system, m the case
whcrc lhc hol water tmupcralurc is lower lhan a predcter-

ui
trill'Iccl tcntpcmsttuc Bs Bt thc tliuc of sialitulg 01L''nglnL', thc

as refri erant discharged from the compressor (hot gas) ls
introduced directly into the first heat exchan er bypassing
the second heat exchanger, so that heat is mdiated from the
gas refrigerant Into the air-conditioning air in the first heat
exchanger lo exhibit the heating function.

In the automotive refrigeration cycle system. both the
second heat exchungcr and thc compressor arc mounted ln
thc cngulc compartment, or the hkc, oulside lhc passcngcr
comparlmenl. Once thc rcl'ugcrauon cycle is stopped ln

ao
winter. for example. the tenlperature of the second heat
exchmlger drops to as low as the external air temperature and
assunles the lowest temperature in the refrigeration cycle.
Tints, the refrigerant saturation pressure of the second heat
exchanger assumes lhc lowest pressure of lhc rclngcralion
cycle. Ihcrcby posing the problem lhal lhe rcfu eranl enters
d ilouuaul stille ul lhc second hcill cxchBugcl chlrulg thc
winter season when the refrigeration cycle is suspmlded.

Ei en after slarung the hol gas healer cycle, lhc refu ermu
cirmilatcs bypassing thc second heat exchmlgcr, and there-
fore the dounant state of the refrigerant in the second heat
exchmlger is maintamed also after the hot gss heater cycle
starts. As a result. during the execution of the hot ns heater
cycle, the refrigerant amount in the hot gas heater cycle runs
shori Ibr a rcduccd hcalulg performance, lhercby ulconvc-
ulcull)';Iulpt:rulg Ihc snloolh 0:turn of Lul to lhc coulprcs-
stu.

.Iapanese I.lnexanlined Patent Publication No 2000-
210033 discloses a systenl in ivhich the cooling mode Is
started before the hot as heater cycle thereby to start the 00

mode of recovering the domlant refrigerant. and upon lapse
of a predetermined time. the cooling mode is ended and
switched to lhc heahng mode with Ihc hol gas hwiter cycle.

lite s;mle pubhcauou also proposes another example of
thc mode of recovcnug the dornmni rcliigcrmu. in which ss
both the inlet side of the second heat exchanger and the inlet
side of the hot gas bypass of the hot gas heater cycle are

closed, and thc compressor ls actlvatixl lo rccovcr thc
dounant refrigerant in the second heat exchanger

In the retrigerant cycle system for autonlotive vehicles, a
variable displacement type refrmerant compressor of swash
plate type is used to reduce the dnve power of the compres-
sor by reducin the discharge capacity of the compressor
under low coolulg load. In lhc variable displacement type
ri Irlgcldut coulprcssor tli il sw ilsh pl BIC lvpc, fllc swash pl Ilc
chanlber accnmmodatin the sivash plate conlnlunicates
with the discharge side and the suction side of the compres-
sor. and the pressure of the swash plate chanlber (contml
pressure) is controlled by 0 pressure control valve utilizing
the diiference betlveen dischar e pressure and suction pres-
sure By controlling Ule prcssure of thc swnsh plate chamber.
thc inclulatlon angle ol'hc swash plute Is chmlgcd thcrcby
to change the piston stroke and hence the discharge capacity

In the case where the refrigeration cycle is stopped ivhen
the tenlperature is very low and the hot gas heater cycle is
required. for example, lvhen the external air temperature is
as low as -20'. to —30" (:.. however. the compressor is
exposed lo lhe exlcmal low lemperahirc cuvironmcnl mid ils
tculpcliihuc. Is lixhiccd 10 as low tis lhc cxlcutal Bu Icul-
perature. As a result, a great amount of the refrigemsnt in
liquid phase stays in the sivash plate chamber of the com-
pressor. 11nis, the agitation resistance of the liquid refriger-
ant greatly increases a sinst the sw ash pLate at the next time
of starting the compressor. At the same time. the liquid
rcfugcrdnt in the swash plate chmnbcr is evaporated to
prcvmlt lhc prcssure in lhc swash plute chamber I'rom bculg
decreased, thereby leadin to the unfavorable situation in
v hich the inclination angle of the swash plate cannot be
changed rapidly to the large capacity side

As a result. the compressor cannot be rapidly increased to
Large discharge capacity. The compressor. if it starts, there-
filrc, opcratcs with a smaller capacity (small piston stroke)
filr a prolongixl lime during wluch llm rcfngcrant is nol
dlschalged substanlmlly. During this time, thc donuanl
refrigerant in the second heat exchanger substantially cannot
be recovered

Also, as long as the external temperature remains very
low, the refri erant sealed in the cycle is liquefied and the
saturation prcssure becomes tery low. Thus, thc densiiy of
thc suchou rcfilgcldul ls very low Bl lhc lime ol staling fllc
compressor. This leads lo be lhc suchon rcl'ugeranl tlun in
the compressnr and to reduce a tlow rate (mass flow rate) of
the suction refrigerant. and the discharge pressure of the
compressor is not easily increased. As a result. the difierence
between the discharge pressure and the suction pressure is
not readily incrcascd. Even in thc case where thc liquid
rel)igcrant is nol slagtmnt ul flle swash plate chmnbcr at lhe
time ol starting the compressor, therclorc, thc Inclinahon
angle of the swash plate cannot be mspidly changed to the
large capacity side 'I'inta, even in the case where the
compressor is started in a coolin mode, the dormant reibig-
erant substantially cannot be recovered as in the case
dcscribcd above.

In thc puor art disclosed in Japancsc Uncxtmnued Patent
Publication No. 2000-210033. (hc mode of rccovcring thc
dounant refrigerant is terminated upon the lapse of a pre-
deternnned time after startin the recovery nlode In the case
v here the time set fi&r recovery mode is short as compared
v ith the time when the compressor operates with small
capacity after starling. thcrcfore, lhc dormant rcfrigcrmu
substantially Liuulo1 bc rccoverixi cvin» f thc rccovcry mode
is cxiuulcd.

In the case where the recovery mode is set to an exces-
sively iong time as conlpared ivith the time during which the
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compressor opera(ca w&lh small capac&ly, on lhc other hand,
the recto cry mode &s contim&ed even after the successfi&l
recovery of the dormant refrigerant. thereby making it
impossible to exhibit the timely heating function due to the
hot gas heater cycle

SUMMAIty Oli 'l1 II I IN&t'I'.N'I'ION

The present invention has been developed in view of the
points descnbed above. Bnd an object of the invention is to Io
provide a rcfrigcrauou cycle system composing a (irst heat
exchanger (evaporator) adapted lo opcrdlc as a heal radailor
for swilclung thc heat&ng mode duc (o thc lx&l gas hcatcr
cycle mid the cooling nlode. and a variable displacement
type refrigerant compressor for clmnging the discharge
capacity utilizing the difference between discharge pressure
and suction pressure. wherem the mode of recoverin the
It:fllgcrdnl i)urn&an( ul lhc second ical cxchangcl (con-
ilt:user) Is Bccnratcly'arl&cd oui.

In order to achieve thc object described above, according
to one aspect of the invention, there is provided a refrigera-
tion cycle systenl in &vhich, upon genemstion of a start signal
for the hot gas heater cycle (H), the coolillg mode is smrted
first to start the mode of recovering the dormant refrigerant
in a second heat exchanger (14), and after cxecutulg the
domlant rcfngcrant recovery mode. Ihc healing mode w&lh

thc hot gris bed(Or cy'clc (H) ls exec&&teil,

&vherein the compressor is a variable displacement type
refrigerant compressor ((0) having a variable displacenlent
mechanism (100) for changing the discharge capacity uti- &o

lizing the difference between discharge pressure and suction
prcssure. mid

wherein after staruug thc donnani refngcrant recovery &n

coolulg mode, llm I&mc of endulg lhc coolulg mode is
deternlined based on the infi&rmation value correlated v ith &s

the discharge pressure of the compressor (10).
In tlus aspect of the Invention, the coolin mode can be

finished afier con(inning that the discharge pressure of the
compressor (10) has actually increased (o such an extent llmt
thc dormant rclhgcrant can bc rccovcrcd m lhc second heal do
exchanger (14). Bcforc exccuung thc hcalulg mode with the
hot aas heater cycle (II), therefi&re. the refrigerant can be
positively recovered fronl the second heat exchanger (14) to
the first heat exchanger (18).

As a result. the hot as heater cycle (H) can be smrted v.ith
an original proper amount of the refri erant. so that the
hcatulgperlhrmancc w&lb the hot os heater cycle (H) em&bc
salisfaclor&ly exh&b&tixl while al lhc same umc sccurulg a

higi& ability of oil to return to the compressor (10)
Also, as the coohog mode is finished after confirming that

the dormant refrigerant can be recovered. the heatin mode
with the hot gas heater cycle (H) can be started at appro-
priate timing after recovering the dormant refrigerant.

Spec&lically. &n th&s aspect of Ihc ulvcnl&on. Ihc cooling
mode for rcfngerant recovery is Icmunatcsl once die dis-
charge pressure of the conlpressor ((0) rises to a predeter-
nlined level

Also„specifically. in this aspect of the invention. the
cooling nn&de for refngerant recovery may alternatively be
finished once the dischor e pressure of the compressor (10) to
increases by a prcdelcnnuled tunounl aller starlulg thc
cooing nlodc.

According to another aspect of the invention, there &s

provided a refri emotion cycle system.
whcrcin the dormant rcl'ngcrant recovery mode for the ss

second heat exchanger ((4) is started by starting the coolina
nlode upon aenerat&on of a start signal for the hot gas heater

cycle (H) and, after recotering Ihc dormant refrigerant, thc
heatmg nlode with the hot aas heater cycle (I I) Is executed,

whclcul thc conlprcssor ls a variable ihsplBccnlcnl Ivpc
rclngcrant compressor (10) hawng a varuiblc d&splaccmcnl
mechanism (100) for chanaing the discharge capacity uti-
lizing the difference benveen the discharge pressure and the
suction pressure. and

wherein fmm the time point when the discharge pressure
of the compressor (IU) rises by a predetermined amount
after starting the domlant refrigerant recovery in cooling
mode. the time begins to be counted. and upon the lapse of
a predctcrmined lime. thc cooling mode &s Iilushcd.

The tariable displacenlent type refrigemnt compressor
(10) hat ing the variable dispLacement mechanism (100) for
chilngulg thc dischalgc cdpticltv ulilizulg lhc pleasure dil-
fcrm&ce bclwccn Ihc d&scluirgc pressure and the suet&on
pressure has such an operating characteristic that even tvith
a sight amount of increase in discharge pressure after
activation, the discharge capacity smoothly increases sub-
sequent)y and the nomlal refrigerant discharge function is
perfomled.

In this aspect of the invention. the timing of ending the
cooling mode for refrigerant recovery &s accurately deter-
mined taking special note of the compressor operation
characlcnstics dcscribcd above. Spec&licdlly, thc tune begins
to be counted from thc ume poult whm& thc d&schor c
pressure rises by a predetem&ined amount after starting the
compressor, and after the lapse of a predetemlined time
length, the cooling mode is ended. 'Ihus. the cooling mode
cml be finished upon the lapse of a predetermined time
Ienmh after confirming that the compressor (10) has beglul
to cxlubil lhc relhgermll discharge funcuon Accordul lo
tlus aspect of Ihc Intention. as &n thc lira( aspect of Ihc
invention. the cooling mode can be ended after confirming
that the discharge pressure of the conlpressor (10) has
actually increased into a state where the dormant refrigerant
in the second heat exchanger (14) can be recovered. Beii&re
execut&n the heating mode with the hot as heater cycle
(H), therefore, thc relhgcranl cml bc pos&uvcly rccovcrod
from lhc second heal exchanger (14) u&lo Ihe Iirsl heal
exchanger ((8) 'linis. the same operational effects are thus
exhibited as in the first aspect of the invention described
above

In this aspect of the invention„ the compressor (10) is
substmtially suspended in opemstion in the case where the
discharge pressure fails to rise by a predetermined amount
w&thin a predetcnnined time.

As Iong Bs lhc on&Cunt ol lhc rcfrigcl'dnl six&lcd ul lhc
cycle remauls &nsuffic&cnl duc to Ihc refugcrtml lcakagc oul
of the cycle or the compressor (10) remains out of order. the
amount of discharge pressure increase fails to reach a
predetermined value within a predetermined time. In this
aspect of the invention, therefi&re„ the compressor (10) is
automatically suspcndcd in operauon al Ihc tune of a mal-
fuuct&on thereby making il pose&blc to protect thc compres-
sor (10) and other cycle parle.

'I'he expression "the compressor (10) is substantially
suspended in operation" is indicative of both the state that
the compressor (10) is conlpletely stopped by being sepa-
rated from the drive source by clutch means and the state
that the discharge capacity of the compressor (10) is main-
tau&cd at nnlumum or about zero w lulc coutu&uu&g lo dnvc
lhc conlprcssor It&tarp shdfi by'hc ihlvc sourcc.

As an altcrnanve method oi cxccut&ng llus aspect of Ihc
invention. after ending the cooling mode for refrigerant
recovery, the compressor (10) &s turned to the off mode to



US 7,043,928 B2
i

suspend thc opcrauou thereof; and after Ihc cnd of thc
compressor off mode. the heating inode ivith the hot gas
heater cycle (II) is executed.

In this way, the refrigerant can be recovered from the
second heat exchan er (14) to the first heat exchanger (18)
by utilizing the difference between the second heat
exchanger (14) aud thc lirst heat exclmngcr (18) eien in
compressor oil'ode.

Accordiim to this imention. the variable displacement
type refrigerant compressor (10) may be a swash plate ia
compressor (10) for changing, the discharge capacity by
changing the piston stroke according to the inclinarion angle
of the swash plate (IUO), wherein the sivash plate chamber
(10b) dcconmiodating thc swash plmc (10O) thereui com-
municatcs with thc dmchargc mdc and thc suction side of thc
compressor (IU) and the intenial pressure of the sv ash plate
chamber (i(lb) is contmlled by the valve means (100) of the
variable displacement ntechanism thereby to change the
inclination angle of the swash plate (10O).

As described above, the invention is suitably applicable to zo

a refrigeration cycle system comprising a vauablc displace-
ment type refngcrant compressor of swash plate Iypc (10) in
which the discharge capacity is changed by changing the
inclination angle of the swash pkste (IUO'/

1'he present invention may be more fully understood front
the description of preferred embodiments of the invention,
as set forth below, together v ith the accompanying dmw-
ings.

BRIEF DESCRIPTION OF THE DR%(VINGS ii)

FIG. I is a diagram showuig a cycle configuration of a
refrigeration cycle system for automobiles accorduig to a
lira( emboduncnt of thc uivcntion.

li(i 2 is a sectional view illustrating the configuration of ii
a compressor according to the first embodiment of the
invention.

FIG. 3 is a block diagram showing an electrical control
unit accorduig to Ilm lirst cmboduucnt of Ihc uivention.

FIG. 4 is a fiowchart showuig Ihc relngcrmit recovery do
control operation uccording to the first embodmicnt of the
invention.

FIG 5 is a diagiani for explaining the discharge pressure
behavior in the refrigerant recovery control operarion
according to a second embodnnent of the invenrion.

FI(fi 6 is a flowchart showing the refrigerant recovery
control operation according Io Ihe second embodiment of thc
lllvclltloil.

FI(fi 7 is a flowchart showing the refrigerant recovery
control operation according to a third embodimenr of the o

lllvclltloil.
FIG 8 is a fiowchart showing the refrigerant recovery

control operation according to a fourth embodiment of the
iiiveritiotl.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodunem
so

FIG. I shows a refrigeration cycle system of nn automo-
tive air-conditioning system according to an embodiment of
tins im cation. A compressor 10 is dnvcn by a water-cooled
i chicle migine 12 tluough a pulley 11. The compressor 10 is
a variable displuccmcnt type rcfrigcrant compressor of si
swash plate type and has a venable displacement mechanisnt
for chmiging the discharge capacity utilizing the pressure

dilfi:rcncc between the disciargc prcssure mid the suction
pressure '[itis variable displacement mechanism is config;
ured of an electromagnetic pressure control valve 100 or the
like An outline of the compressor It) mcluding the variable
displacement mechanism (pressure control valve 100) is
explained v, ith reference to FICI. 2

Thc discharge side ol'hc compressor 10 is connected Io
a coudmiscr 14 through a cooluig solenoid valve 13, and Ihc
outlet side of the condenser 14 is connected to a hquid tank
15 for separating the refrigerant mto gas and liquid and
stonng the liquid refrigerant I'he condenser 14 is a second
heat exchanger arran ed in the vehicle engine compartment
together with the compressor 10 for exchanging heat with
thc cxtcmal air (cooling air) blown by a power-dnvcn
cooling fan 1411.

'I'he outlet side of the liquid tank 15 is connected to a
temperature-t)pe expansion valve 16 constituting a cooling,
pressure-reduction unit 1'he outlet side of the tempemture-
type expansion valve 16 is connected to the inlet of an
evaporator (first heat exchanger) 18 through a check valve
17. Thc outlet side of the evaporator 18 is conncctcd to Ihc
intake side of thc compressor 10 tluough an accumulator 19.

A normal cooling refrigeration cycle ('s configured by a
closed circuit including. from the discharge side of the
cmnpressor 10, the cooling solenoid valve 13, the condenser
14. the liquid tank 15, the tempemsture-type expansion valve
16. the check valve 17, the evaporator 18 and the accumu-
lator 19 in that order. and rctuming back to Ilm sucuon side
of thc compressor 10.

'I'he valve opening degree (refrigerant flow rate) of the
temperature-t)pe expansion valve 16, as is well knoivn, is
ad)usted in such a niamter that the overheat degree of the
outlet refri erant of the evaporator 18 is maintained at a
predetermined value during the normal refngeration cycle
operation (cooluig mode). Thc accumulator 19 scqtaratcs Ihc
rclyigcrant uito gas and liquid and stores the hquid refrig-
clilul, so thill 11 sludll dluoiult Of liquid rclrlgcraill (with Oil
cmttained therein) in the neighborhood of the bottom portion
and the gas refrigerant are intmduced into the compressor
10.

Ahot as bypass 20 for bypassin the condenser14 or the
like is formed between Ihe discluirgc side ol'he compressor
10 and thc uilet sale ol'he ei apordtor 18. A reduction means
21O constitunng a hcanng prcssure-reduction urut and a
heatmg solenoid valve 21 are arranged in senes in the bypass
2U 1'he restriction means 21u may be configured of a fixed
restriction 1 alve such as an orifice, a capillary tube or the
like As a result. the restriction means 21d may alternatively
bc formed integrally w iih Ihc refngcrant path of Ilm hcatuig
solcnosl valve 21.

A heating hot gas hcdtcr cycle H is coufigurixl of a cioscxf
circuit including, front the discharge side of the compressor
10, the heating solenoid valve 21. the restriction nicene 2 la,
the evaporator 18 and the accunudator 19 in that order, and
returmng to the suction side of the compressor 10.

Thc air-conditioning case 22 of tlm vchiclc air-condition-
iug system constitutes a path ol thc air fiowuig toward thc
passenger compartment, and a power-dnven air-condition-
ing blower 23 is arranged in the air-conditioning case 22 An
internal/external air switchiim box (not shown) is arranged
at the intake side of the blower 23, so that the external air (air
outside the passen er compartment) and the internal air (air
inside Ihc passenger compartment) arc uitroduced by bcuig
swilchcd fiom thc intcmdl/cxtemal air switching box. The
air introducixl into Ihe uit coral/external air sw itclung box is
blown into the air-conditioning case 22 by the operation of
the air-conditioning bloiver 23



US 7,043,928 B2

lhc evaporator 18 is a lira( heat exchanger arranged in thc
air-conditioning case 22 In a cooling mode, the refrigerant
is circulated by the cooling refrigeration cycle C and the air
blown by the air-conditioning blower 23 is cooled by the
refrigerant evaporation (heat absorption) in the evaporator
18. In heating mode. on the other hand, n high-temperature
rel'rigcrant gas (hot gas) Ibom the hot gss bypass 20 flows
into the evaporator 18 aud radiates hmt uito thc mr. and
therefore the evaporator 18 fiutctions as a heat radiator

In the air-cnnditionmg case 22, a heating heat exchanger Io

24 of hot water type for heating the blown air with the hot
water (engme coolin water) from the vehicle engine 12 as
a heat source is arranged in the air downstream of the
evaporator 18. Themr-coudiuonut air is blown into thc
passenger comparlmmit Irom an air outlet (not shown) I

arranged downstream of the heating heat exchanger 24 A
hot ivater valve 25 for controlling the hot ivater thiv is
arranged in the hot water circuit leading to the heating heat
exchanger 24.

The air-conditioning control unit (hereinafter referred to m
as the ECU) 26, which is conligured uf s microcomputer and
peripheral circuits. cxecutcs the aritluueIic operation in
accordance with a predetermined proo ram thereby to contml
the opeivclose opemtton of the cooling and heating solenoid
valves 13. 21 and the operation of other electrical devices
(100, 14a, 23. 25, etc.).

FI(J. 2 is n sectional view ~bowing a speciTic exiunple of
the venable displacement type rcfrigcrant compressor 10 of
swash plate type. In thc compressor 10, as well known, thc
inclination angle 0 of a swash plate lfla is changed by Io
controlling the internal pressure of a swash plate chantber
(crank case) lflh founing a contml pressure chamber In tlus
way, the stroke of the piston 10o is changed thereby to
change the dischar e capacity.

Spccttically. in thc vanablc displacemmit tvpc refn ermit ss
compressor of sw ash plate type 10, thc pressure of the swash
plate Cuimbcr 10h m controlled so tha( thc balance between
the internal pressure of the swash p)ate chamber I flh acting
on the piston I flr and the compressive reaction acting on the
piston 10r is changed thereby to chan e the tiltiitg moment so
for inclining the swash plate 10a, which in nim clmnges the
incluiauon angle 0 of flm swash plate 10a thcrcby to change
the stroke of the piston 10c and hence Ihe disCtarge capacity.

lhc discharge capacity as it is referred to herein is delined
as a thoxoretical geometric discharge ainount from the cyl-
inder IOe per rotation of the rotary shaft IOry of the cont-
pressor 10.

More specifically. the swash plate chamber 10h is kept in
commumcauon with thc suction side ol ihc compressor 10
tluough a conununicatiou pat)b mtd a restriction mcmts (not o

shown) suCh as an orilicc or a capillary tube for generating
a predetermined pressure loss is arranged in this suction-side
comnnmication path I'he swash plate chamber I flh is also
adapted to conuuunicate with the discharge side of the
contpressor 10 tluough n pressure lead path (not shown). in s.
wluch a prcssure control valve 100 is arranged fi&r variably
controlluig the arcs of flm pressure lead path (not shown).

lhts prcssure control valve 100 reduces thc internal
pressure (contrnl pressuic) of the swash plate chamber Iflh
by restricting or closing the pressure lead path to increase the io
discharge capacity. In this way, the inclination angle 0 of the
swash plate 10a is increased to increase the stroke of the
pistiiu 10ri

For rcducutg thc ihschargc capacity, on Ihe contrary. the
pressure control valve 100 is opcncd so that thc iunount of ss
the discharge refrigemnt flowing into the sivash plate Iflh is
increased thereby to increase the internal pressure (contml

prcssure) ol'hc swash plate chamber 106. In Ihts way. thc
inclination angle 0 of the swash plate iflii is reduced thereby
to reduce the stmke of the piston IUC qherefore, when the
discharge capacity is maximum, the internal pressure of the
swash plate chamber 10h is substantially equal to the suction
pressure. When the discharge capacity is minimum, on the
other hand, thc uttcnuil prcssure of thc swash plate chamber
106 is substantially ixpial to thc discharge prcssure.

I'he pressure cnntml valve 100 is controlled by the I i(vd
26 as shnwn in FI(i I I'he li(:IJ 26 contmls the duty factor
of the ener isation current of the magnetic coil 101 of the
pressure controi valve 100 in such a manner as to achieve a
target level of the refrigemnt evaporation pressure in the
cviiporatol 5 iliirillg (lie itomlill opcrtltloii ol tile i:olllplcssiii;
Thc clcctromagnctic force of thc magncuc coil 101 is
changed by controlling the duty factor of the energiimtion
current of the magnetic coil 101, so that the valve opemting,
rod IU2 is displaced alon the axial direction thereby to
variably control the area of the pressure lead path

The internal refrigerant evnpomtion pressure of the
evaporator 18 has a corrclationship with thc rcfrigcrant
evaporauon Iempcrauirc. Further. Ihc refngcraut evapora-
tion temperature and the evaporator outlet air temperature
are correlated with each other Accordmg to this embodi-
ment, the duty factor of the ener ization current of the
pressure controi valve 100 is controlled based on the air
temperature immediately after passage through the evapo-
rator 18. or spccilicafly, ihe detection Iempcmture of thc
tcmperaturc seimor 27J (FI(b I) As an altcmative, thc
cllcrgixaIioil clil'(cist of thc Ill,'IglleIic coil 101 ill'iy bc
changed analogically ivithout controlling the duty factor
thereof.

According to tins embodiment. the turning eflort of the
vehicle en ine 12 is kept transmitted to the rotary shafl 10d
of thc compressor 10 tluough thc pulley 11. The rotary shafi
10d is thus kcqtt ut rotauon wlulc the vchiclc cnguic 12 is
ruunuig The pulley 11 luis a mell-known torque limiier
mechanism and a wefl-knoivn torque venation absorbing
damper mechanism Also. unlike this entbodintent in which
the compressor 10 is so configured that the rotary shafl 10d
is kept in rotation v, lule the veificle engine 12 is runnin, the
compressor 10 may of course altemauvcly bc operated
iuternuttently Ihrough a wc)i-known elec tromagnctic clutch
interposed bctwccn Ihc pulley 11 and thc rotary shaft 10d.

lii(i 3 is a blnck diagram showing an electrical contml
unit includingan li(:U 26 having sensors 27ir to 27fto detect
the nir-conditioning environment factors required to auto-
matically contra i the climate in the passenger compmtment.
The detection signals from these sensors are uiput to Ihe
ECU 26. These sensors specilically include an intcnml air
tcmpcrature sensor 27a for dctccuu the air tempcraturc in
the passenger cnmpartment (hereinafter referred to as the
internal air teinperature). an external air tentperature sensor
27h. a sunlight sensor 27r for detecting the amount of
sun)taft incident to the passenger compartment. an evapo-
rator outlet tcmpernturc sensor 27J for dc(ecting Ihe air
tcmperaturc immediately aflcr passage tluough Ihc evapo-
rator 18, a water temperature sensor 27e for detecting thc
temperature of the hot water (engine cooling mater) floiving
into the hot-water heat exchanger 24. and a refrigerant
pressure sensor (hi+-pressure detection means) 27f for
detectin the lugh pressure (dischar e pressure Pd) of the
relbigcration cycle.

Also, Ihe switch opcraung sigirsls Irom vanous opcratuig
switches 29a to 29fon Ihc mr-conditioiung operation panel
28 arranged in the neighborhood of the instruntent panel in
the passenger compartment are input to the Ii("IJ 26 The



US 7,043,928 B2
10

opcrairng switches spccilically include a hot gas hearing
switch 29ir for setting the heating mode with the lait gas
heater cycle, an outlet mode changeover sv itch 29/I for
switching rhe air-conditioning air outlet mode. a temperature
setting srvitch (tempemture settin meansi 29c for setting
the passenger compartment temperature to the desired value,
an mr-conditioning switch 29J I'or givm an ursrrucrion Io
start or stop thc compressor 10 of thc refrigeration cycle. a
blower srvitch 29e filr giving an instnrction to turn on/olf the
blower 23 and to change the air capacity, and an internal/ Ia

external air changeover switch 29f for giving an instruction
to srvitch the external air lead mode and the internal air
circulation mode tluough the internal/external air switching
box.

lhc arr-conditionulg switch 29d has the function of a
cooling sv itch for setting the cooling mode. When the
air-conditioning switch 291/ rs turned on, an output based on
a predeternluled starring duty factor is applied from the I ICIJ
26 to the magnetic coil 101 of the pressure control valve 100
thereby to start the compressor 10. lo

Also, whml Ihc air-conihrionurg switch 294 rs m an olf
state, thc output based on thc duty lac(or apphixl lrom the
IICU 26 to the nragnetrc coil 101 of the pressure contml
valve 1(IO is set to zem and, by thus minimizing the
discharge capacity of the conlpressor IO to about zenr. the
conlpressor 10 is substantially suspended in operation

Even when the hot gas heating switch 29a is turned on. the
compressor 10 Is started by applying a prixlctcmuncd start-
ing output based on the duty factor to flle magnetic curl 101
of the pressure control valve l(J(J fmm the ECU 26 ur

In I'l(i 3, reference munensl 146 designates a drive nrotor
firr the condenser cooling fan 14a, and numeral 23a a drive
blower nlotor for the air-conditioning blower 23.

Next. the operation of the first embodiment llaving the
conligurauon dcscubcd above rs explained. First. the opera- ls
tion ol'Ihc rcfrigcrauon cycle portion is explained. When the
mr-condiironrng switch 29d Is turned on and scr Io the
cooling mode. a predetermined output based on the duty
factor is applied fmm the I iCU 26 to the magnetic coil I (ll
of the pressure control valve 100. so that the compressor 10 so
operates at a predetermined discharge capacity correspond-
ing ro Ihe output based on thc duly factor.

In coolurg mode, thc coolurg solenoid valve 13 rs opened
by thc ECU 26, and thc llcatlllg solclloid valve 21 rs closed.
'I'he dischar e gas refrigerant of the compressor 10 thus
florvs into the condenser 14 through the cooling solenoid
valve 13 in open state.

In the condenser 14. the refrigerant is cooled and con-
densed by the cxtcrnal air blown from thc coolulg Ihn 14a.
Thc rcfrigcranr thut has passed tluough thc condenser 14 rs o

scqramtcd into gas and liquid phases ur Ihc liquid lank 15, so
that only rhe liquid refrigerant is reduced in pressure by the
temperature-type expansion valve 16 into two phases. gas
and liquid. Iow in temperature and pressure.

Next, the lors-pressure refri erant flows into the evapo- ls
ra(or 18 tlriough thc check valve 17, and evaporarcs by
absorbing heat lyom the air-condiuonm air blown lbom thc
f;m 23. Thc;ur-conditioning mr 01st has bccn cooled ur thc
evaporator 18 is blown into and cools the compartment 'I he
gas refriaerant that has evaporated in the evaporator 18 on io
the other lland. is introduced and compressed in the com-
pressor 10 tllrough the accumulator 19.

During Ihc winter season, thc hot gss hcalulg switch 29a
is tumed on ro sct Ihc hwrrurg mode with rhe hol gas hcatcr
cycle. In tins case. Ilm compressor 10 is aclivarcd wrrh a ss
discharge capacity correspioading to an output based on a
predetermined duty factor of the I I( IJ 26 ln heating nrode,

thc cooling solenoid valve 13 is closcxl by thc ECU 26, wlulc
the heating solenoid valve 2( is opened thereby to open the
hot gas bypass 20 As a result, the high-tempensture dis-
charge gas refrigerant (overheated gas refrigeranti of the
compressor 10 is reduced in pressure in the restriction means
21a through the heating solenoid valve 21 in open state, and
then directly flows ulro thc evaporator 18.

In the process, the check valve 17 prevents the gas
refrigemnt from the hot gas bypass 20 from flowing into the
condenser 14 through Ihc Icmpersturc-type expanwon valve
16. Thus, the refrrgcrauon cycle rs opcmrcx( ur a closod
circuit (hot gas heater cycle I IJ. starting fronr the dischar e
side of the conlpressor 1(l, includin the heating solenoid
valve 21. the restriction means 21a. the evaporator 18, the
accrumdator 19 and the compressor 10 in that order, finally
returmn to the suction side of the compressor 10.

The overheated gas refrigerant reduced ln pressure by the
restriction means 21a radiates heat into the blown air in the
evaporator 18 thcrcby to hear the blown air Thc heat
released from thc gas reliigcrant In thc evaporator 18
corresponds to Ihc amount ol'compression work conductod
by the compressor (0 At the sanle time, the hot water of the
eagine 12 is supplied through a hot water valve 25 to the
hot-v ster heating heat exchanger 24 to further heat the
blov n air in the heat exchanger 24.

As a result, even during the very cold season, a hot air
compamtirely luch in temperature can be blown into the
passenger compartment for an impmved in-compartment
hcrrrlllg cllccr. Tile gas refllgclallr that llrls radlaIcd liest ill
thc evaporator 18 is or(reduced and compressed again ur thc
compressor 10 tluough the accumulator 19.

Wlmn Ihc water ol'he engine 12 Is low in tcmperaturc, Ihc
low-tempera turc arr cmr be prcvcntcxl from being blown into
the passenger compartment by executing the warm-up con-
trol process for suspending the operation of the blower 23
even m the case rvhere the compressor l(J is activated

Next. the operation of controlling the dormant refrigemsnt
recovery mode constinrting the feature of the first embodi-
ment of the invention is explained with reference to the
flowcharr of FIG. 4. FIG. 4 shows a subrouunc for thc
dormant rcfngcrsnr recovery mode started by a rum-on
signal of the Imt gas hearing srvirch 29a for the main routine
of the air-conditioning control operation executed by the
ECU 26.

First. in step SIO, the domlant refrigerant is recovered in
cooling mode by turning on the lmt gas heating sv itch 29ir.
In step S10, thc compressor 10 rs active(cd ro a prcdcier-
nuncd discharge capacity correspondurg to an output bascxl
oll II plcdcrcfullluxl ilulv'ire(ill assigned Io rhc plcssirlc
cmrtrol valve 1(JO. At the same time, the cooling solenoid
valve 13 is opened rvhile the heating solenoid valve 2( is
closed.

As a result. the gas refri eront discharged from the
compressor 10 flows into the condenser 14 through the
cooling solenoul valve 13 in open state. and circulatcs
tluough rhc cooling refrigeration cycle C. In step S20. 11 is
deternnned whether the dischar e pressure Pd of the com-
pressor l(l has risen beyond a predeternlmed setting Pl or
not. As long as the discharge pressure Pd ls lower than the
setting PI. the process of recovering the dormant reibigerant
in cooling mode is continued in step SIO.

Thc scuing P1 is predetcrmured are prcssure substanrmlly
equal to such a lcvcl thar thc refngermlt In thc condenser 14
can bc rcturncd ro Ihc evaporator 18 by the pressure drfli:r-
ence betv een the condenser (4 and the evaponstor (8 during
the execution in compressor off nlode in step 830.
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11&c Ihct that thc d&scharge prcssure Pd of Ihe compressor
10 has risen above the predetermined setting, V I during the
dormant refrmerant recovery indicates that the inclination
angle 0 of the swash plate lfltt of the co&npressor 10 has
changed sufficiently upward and the discharge capacity of
the compressor 10 has sufhciently increased to such an
cxtcn( as Io exlub&t Ihc normal refrigertmt d&schargc lunchon
ol'he compressor 10.

In other words, the dorn&ant refrigerant in the condenser
14 is pushed out to the evaporator 18 by the refrigerant &a

discharge function of the compressor 10 to sufliciently
exhibit the function of recovering the dormant refrigerant.

Once the d&scharge pressure Pd has risen to or above the
prcdcternnncd sethng P1, thc process is executed wuh thc
compressor 10 &n off'mode u& Ihc nex( step S30. In executing
the pmcess tvith the con&pressor IU in otT nx&de. Ihe output
based on the duty factor applied to the pressure control valve
100 is reduced to zem thereby to minimize the discharge
capacity of the compressor 10 to about zero. As a result. the
operation of the compressor 10 is substantially suspended. zc

Also. Iht: open sta(i: ol Ihi: coolu&g soli:no&t! v&Ilvi: 13 anil Ihc
closed state ol'he heat&ng solenoid valve 21 are mainta&ncd
even while the compressor 10 is in otT mode.

In the con&pressor olf mode immediately after switching
fmm the dorn&ant refrigerant recovery mode„ the pressure
difi'erence is so maintained that the pressure of the condenser
14 is higher than that of the evapomtor 18. Tlms. the
rcfrigeran( cont&nues Io move from w&&bin the condenser 14
toward the evaporator 18. Even alter switclnng to thc
compressor off mode, therefore, the dormant refrigerant Ic
contimtes to be recovered

In step 84U, &t is determined whether the predeternuned
set time ta has passed afler execution of the process with the
compressor 20 in ofl'ode. The set time ta is an experi-
mentally detennu&ed umc rcx)aired bali&re the prcssure of the si
condenser 14 and thc pressure ol'hc evaporator 18 become
equal Io each other alter cxccuhon of Ihe process w&th the
compressor 2U in the oIT mode

At the time pomt when the determination in step S40
bacon&es YES. therefore, the pressure of the condenser 14 so
and the pressure of the evapomtor 18 become equal to each
other so that Ihc rcfrigcrmu trtuwfi:r from Ihe condenser 14
Io Ihe evapora(or 18 stops. Once the dc(erminahon in step
S40 turns YES. therefore, thc compressor off mode is ended
thereby to terminate the subroutine of Itl(i 4

Once the subroutine of I I(i 4 is co&nplete. the main
routine for controlling the air-conditioni»g operation
executes the heat&ng mode w&th the hot gas heater cycle H.
Spiv&lically, the compressor 10 &s ac&ivatcd with a predcter-
nnncd discharge capac&ty corrcspondu&g Io an output based o

on thc prcdcterm&ncd duly lector appluxl Io Ihe prcssure
control valve IUU. At the san&e time, the coolina solenoid
valve 13 is closed and the heating solenoid valve 21 opened.
As a result„ the refrigerant is circulated with the hor gas
heater cycle H thereby to exhibit the hot gas heating func- s.
hon.

11&c hcatu&g mode w&th the ho& gss heater cycle H &s

rtxgnred &luring thc very cold season when Ihc external mr
ten&pemture is as low as about —20'2 to —30" ('s
described in the Related Art alx&ve, the variable displace- tc
ment type refrigemnt compressor of a swash pLate type 10
develops a phenomenon in which it cannot be increased to
a large discharge capac&ty mp&dly duc to Ihc su&gnat&on of
thc 1&qu&d refrigerant u& the swash plme chamber 10b or the
rex)aced concm&trat&ou of Ihc sucuon refngcrmu. si

According tn tins embodm&ent, on the other hand, the
compressor 10 cont&nues to be operated in cooling mode fi&r

rccovcry of the donnan( refngcraut wlulc thc d&schar c
pressure Vd is less than a predetermined setting Vl Only
after the discharge pressure Vd has exceeded the setting Vl,
the dohnant recovery opemtion in cooling n&ode is termi-
nated. After confirming that the compressor 10 comes to
exhib&t the nom&al refrigerant chscharge funct&on with the
risc &n thc discharge pressure Pd. thcrclbrc. thc donuan&
ri:Ir&gc&dn( rccoviuy u& coolu&g n&otic can bc Ii:tunnatixl

In this way, the donuant refri erant in the condenser 14
can be pushed to the evaporator 18 by the refrigerant
discharge functinn of the compressor IU, thus making it
possible to satisfactorily recover the dormant relbigemsnt.
Further. even while the compressor 10 is &n off mode after
tcm&inst&on of the dormant refrigerant rtxovcry mode, thc
dormant rcfngcrant can contu&ue to bc rccovcrcd from thc
condenser 14 due to the di(Terence bet&veen the internal
pressure of tbe condenser 14 and the internal pressure of the
evaporator 18

Even with the refrigemtion cycle system us&ng the vari-
able d&splacement type refrigerant compressor of swash
plaIc type 10 for changu&g Ihe d&scharge capacuy u&ihzu&g

the d&ll'cre&wt; bchvcen disclmrgc prcssure and sucuon prcs-
sure, therefi&re, the dormant refrigerant can be recovered
positively in the condenser 14.

In tins way, the dormant refrigerant in the condenser 14 is
positively recovered into the evapomtor 18, so that the
refrigemnt shorts e vvhich othenvise miJvtt be caused in the
hca(tng mode wi&h thc hot gas hcatcr cycle H &s prcvcn&ed.
As a rcsul&, thc compressor 10 can be operated wi&h thc
originally pmper refrigerant amount in heating mode tvith
the hot gas heater cycle I I. Also, the discharge pressure of
the compressnr 10 cm& be sufliciently increased for an
improved hot gas heating perfi&rmance. At the same time, the
oil retumability to the con&pressor 10 is satisfactorily
sccurcd thereby conu&butu&g Io a longer serv&cc lifi: of the
compressor 10.

Accordu&g to Ilus embod&menu u &s detcnn&ned in slcq&

S40 whether the predetern&ined set time ta has passed after
execution of the pmcess in ofl'mode Nevertheless. step S40
is intended to determine whether the pressure of the con-
denser 14 and the pressure of the evaporator 18 are balanced
wiIh each o(her or not aflcr execut&on ol Ihe process u& uff
mode As an altcn&at&vc. therefore, a prcssure sensor Ibr
dcttx1&ng thc pressure of Ihc condenser 14 and a pressure
sensnr for detecting the pressure of the evaporator Pg are
arranged and, based on the detection outputs of the twi&

pressure sensors, the state is detected where the pressure of
the condenser 14 and the pressure of the evaporator 18 are
balanced with each other thcrcby to tenn&nate thc process in
off'ode.

Second Embodunent

In the first embodiment. after starting the operation of
dohnant refrigerm&t recovery in cooling mode, it is deter-
m&ned that the discharge pressure Pd has exceeded the
predetermined setting P1. and the dormant refrigemnt recov-
ery &n cooling mode &s Icrmu&at&xi. Accord&ng Io Ihe stxond
embodiment, &n contrast. the Iimu&g of cndu&g thc donuan&
ri:Ir&gc&dn( &ective&y u& cooing n&tule &s tlctcruuncil scpa-
mtely

FIO. 5 is a paph showing the concept of controlling the
dormant rcfngcrtm( rcxovcry mode accord&ng to the stxond
embodiment. In FIG. 5. the absc&ssa represents the time
elapsed af&cr thc hot gas heating sw&tch 29a &s tumed on Io
h&rn on the bot gas si nal. and the ordinate the dischar e
pressure (MVa(h gauge pressure) of the compressor 10 I'l(i
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5 (luis shows thai thc discharge prcssure behavior alter thc
hot gas signal turns on and the compressor 10 is started

(1G 5 sho&vs the discharge pressure behavior in the case
&Chere ITFC 134C is used as a refrigerant at the external air
tcmpcraturc ol —35'. w&th thc compressor rotational speed
of 15(ifi rpm. The discharge pressure P2 beiilre star(in the
compressor 10 is a refugcrmit saturated pressure detcrmuied
by the external air temperature.

In the 3 ariablc displacement type rel'rigerant compressor
of s&vash plate type 10. once the inclination angle 0 of the
swash plate 10&i changes upward after the compressor starts
so that the piston 10c discharges the refrigemnt slightly. the
discharge capacity be ins to rise smoothly and exhibits the
normal refrigemlnt disclmrge function. According to the
second mnboduncnt, (along spec&al note ol'ins operating
cluiracicnstm of thc compressor. Ihe tuuuig at which the
dormant refrigerant recovery in cooling mode is terminated
is accurately determined

Specifically. the timer is started at a time point (3 when the zo

discharge pressure uses by a prcdetcrnuncxi antount AP2
from thc discharge prcssure (refrigerant saturation prcssure
before starting the compressor) P2 at a tiine point t2 v hen
the tun&-on signal of the hot oas heating switch 29u is
pmduced. At a time point t4 when the count of the timer
reaches a predetermined set time tb. the operation in cooling
mode is ended.

lhc sct time tb &s dctcnnincd as a (imc rcx(u&ru! fi&r the
discharge pressure to rise to P4 at which the refrigerant in the
condenser 14 can be returned substantially to the evaponltor
18 due to the pressure difierence between the condenser 14
and the evapomltor 18 In the next compressor ofi'ode.

As ui the lirst cmbod&ment, the compressor is maintained
in the offmode for a predeterniined set time ta after the lapse
of the set tinie tb, after which the heating mode with the hot li

as heater cycle I I is executed
FIG. 6 is a control fiowchart based on thc concept

descubcd above. Thc d&lli:rcncc of FIG. 6 from FIG 4
resides ui that it is dctennuicd in step S20'hether the

So
discharge pressure has increased by at least a predeternuned
amount AP2 in starting the dormant refrigerant recovery in
cooling mode. Bnd in the case where the discharge pressure
increase is less than the predetermined amount AP2, the
domuint refngcrant recovery mode &s execu&&xi ui step S10.

Once the discharge pressure has increased by the prede-
termined amount AP2 or niore. the timer is staued in step
S21. and it i 3 determined in step 822 ivhether the timer count
has increased to the set time tb or more. In the case where
the tinier count is less than the set time tb, the dormant sc
refrigerant recovery mode ui step S10 is contmued. Once thc
Iiiiicr coil&it &1 1&as &&&et'cased io (lie sct tune Ib or more. thc
pmcess proceeds to step S30. where the dorinant refrigerant
recovery mode is ternunated and the process is executed in
compressor ofi'ode.

According to thc second cmbodunem, it can bc conlirmed
that the rcfngerant discharge fimciion of thc varmblc dis-
placcmmit type refugcrant compressor of swash plate type
10 has substantially started. by determining in step S20'hat
the discharge pressure has increased by the predeternuned io
amount AP2 or more after starting the cooling mode. After
that. the timer is started, and the timing ofending the cooling
i&vide o pc& at& oil ((1&c ilormai&t I cfilgers ill i ceovci v &&i cool&rig

mode) is dc(con&next by thc cmmt on thc timer. Tints, the
compressor operauon ui cooling mode cmi be slopped at a Si
time point &vhen the dischmge pressure has risen to at least
the level required for recovery of the dormant refrigerant.

Also according Io Ihe second mnbodiment, Ihcrcforc, thc
dounant refrigerant can be recovered properly as in the first
embodiment.

Third Embodiment

In the third embodiment, the function protective against a
malfunction is added to the second embodiment. FICi. 7
shows the tlfird embodiment in which steps S23 and S24 are
added to Ihc ambo&immit shown in FIG. 6

In step S23. it is determined whether a predetermined time
tc has passed from Ihc ume poult (cooling mode startuig
point) (2 at which a Ium-on signal of the hot gas hcatuig
switch 29u is produced. As long as thc refugerat&on cycle is
normal, the discharge pressure rises by at least a predeter-
nuned amount AP2 afier startiim the cooling nulde before
the lapse of the predetemiined time tc from the cooling mode
starting time poiiu t2. As a result. the process proceeds from
step S20'o step S21 while Ihc result ofdctcrminat ion in stop
S23 remains ND.

At thc time ol' malfuncuon when thc compressor 10 is
out of order or the aniount of the refrigerant sealed in the
cycle is in short supply due to the refrigerant leakage outside
the cycle, hov,ever, the dischar e pressure fails to rise by
more than the predetermined amount AP2 even after the
Lapse of the predetermined tinie tc from the coolin mode
start&rig I&itic poinl (2.

Ill sucli B case, tlicicfoic. Ilia rcsillt of dc(crit&i&intro&i iil
step S23 is YES, so that in step S24, the output based on Ihe
duty factor applied to the pressure control valve 100 is
reduced to zero thereby to mininiize the discharge capacity
of the compressor 10 to almost zem and thus to substantially
stop the compressor 10. As a result. the compressor 10 and
other cycle parts can be protected.

liourth I imbodiment

The fourth embodinient is a modification of the first
embodiment. According to the first embodiment, it is deter-
mined ui step S20 v bc(her the dischurgc pressure Pd of thc
compressor 10 has uicrcascd to at least a prcdcternuncd
setting Pl, and once the discharge pressure Pd mcreases to
at least the predetermined setting Pl, the iecovery of the
dounant refrigermit in cooling mode is terniinated. In the
fourth embodiment, in contrast„as shown in FICi. 8. it is
detennuied in step S20'hether the discharge pressure has
iucrcascd by at least a seuing AP3 (FIG. 5) aficr starun Ihe
cooling mode. Bnd once Ihc discharge prcssure has utcrcascx(
by an amount equal to at least thc setting AP3 (FIG. 5). Ihe
pmcess proceeds to step 830, so that the recovery of the
dormant refrigerant in cooling mode is terminated and the
process is executed with the compressor in ofi'mode.

As in the fourth enibodiment, the opemltional efiects
similar to those of the first embodiment can be exhibited by
dctcrnuning thc liming ol'ernnnuting thc cooling mode
operation based on thc amount by which thc dischar c
pressure increases after starting the cooling mode.

In all the enibodinients descubed above, the disclmr e
pressure is monitored and the coohng mode is determined
Nevertheless. a similar efi'ect can be achieved also by
monitorin the discharge tempemlture correlated with the
discharge prcssure. In other words, thc object of this inven-
tion can bc aclucvcd also by controlling thc operat&on in
such a miumcr as to mxl thc cooling mode when Ihe
temperature on a temperature sensor arranged at the dis-
char e portion reaches a predeternimed value.
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Incidentally, in the cooing rclhgerdtion cycle C, thc
high-pressure side pressure from the discharge side nf the
compressor 10 to the upstream pnrrion of the pressure
restriction mechanism 16 Ic cklsely correlated with the
discharge pressure Pd of the compressor 10. and therefore
according to this invention, the discharge pressure Pd is
mc;ml to ulcludc thc lugh-prcssure side prcssure.

While Ihc ulvmlliou has been dcscribcd by refi:rcncc lo
cpecihc embodiments chosen for purposes of illustration, it
should be apparent that numerous inodificatinns cnuld be in

nlade thereto by those skilled in the art without departing
from the basic concept and ccope of the invention.

The invention claimed is:
1. A rcfrigerdtiou cycle system comprising means for

sullchlllg between. I

a conlin nlode in which a refrigemcnt discharged from a
compressor is returned to caid compressor through a
second heat exchanger, a cooling pressure reduction
unit and a first heat exchan er thereby to opemte said
first heat exchan er as an evaporator: and Io

a hcalulg mode with a hot gas heoier cycle (H) in which
the refugcraut dlschargcxl from smd compressor
bypasses said second heat exchanger and is returned
through caid first heat exchanger to said compressor
thereby tn operate caid first heat exchanger as a heat
I'citator'„

wherein upon generation of a start cignal for said hot gas
healer cycle (H), said cooling mode is smirted Iirsl
thcrcby lo start llm rccovcry ol Ihe rcfngeranl dormant
in said second heat exchanger. and after execution of lo
said dormant refngerant recovery, said heating nlode
with said hnt gas heater cycle (I I) ic executed:

wherein said compressor ic a variable dispLacement type
refrigerant compressor having a variable displacernent
mecharusm Ibr chmlgulg thc discharge capacuy uliliz- lc
ing thc dillbrmlce between Ihe ihsvharge pressure and
the suction prcssure, aud

lvherein afier startmg the dormant refrigerant recovery in
said cooling mode, the timing of ending said cooling
mode is determined based on an information value do

correlated with the discharge prescure of said compres-

Sot .

2. A rcfngeration cycle system accordulg to claim I,
wherein said coolulg mode is tcnnirmtcd when thc dis-

charge pressure of said compressor increases to a
predetermined value

3. A refrigeration cycle system according to cLcim 1.
wherein said coolin mode is terminated when the dis-

charge prcssure ol'aid compressor al'tcr suirtulg said
coolulg mode ulcrcascs by at least a prcdctermincd o

d lao olin

4 A refngeration cycle system according tn clainl I.
lvherein the operation of said compressor is substantially

suspended in the cace where said dicchar e pressure
fails to increase by said predetermined amount within ss
a prcdelennincd length of time.

5. A rcfngeration cycle system accordulg to claim I,
wherein after said cooling mode is Icnmimlcd, thc opera-

tion of caid conlpressor is suspended in off mode, and
wherein. after ternlinating said off mode, the heating io

mode cvith said hot gas heater cycle (H) is executed.
6. A refrigeration cycle system according to cLcim 1.
whcrcin said venable displacement l)TIC refngcrant com-

po:ssol Is B colllplcssol ol swash plalc Iy'pc fol chdllg-
ing the discharge capacity by changing Ihc piston sc
stmke according to the inclination angle of said swash
plate. and

16
whcIL'ill B swiish plinc chillnbcr with said swash plate

armcnged therein conmumicates with the discharge side
mid thc suction side nf smd compressor, Imd thc ultcmal
pressure of said swash plate chamber is contiolled by
cluulgulg thc mclinalion angle ol'aul swash plate
under the control of a valve means of said variable
displacement mechanisnl.

7 A retngeration cycle system colnpnsing nieans tilr
switclung bctwccn:

a cooling mode in which a refrigemcnt discllar ed from a
compressor is rclumcd lo said compressor through a

second heat exchanger, a cooling pressure reduction
unit and a first heal cxduingcr thereby lo operate said
first heat exchmlger as an evaporator: and

a hcatulg mode with thc hot gas hca ter cycle (H) ul w luch
the refrigerant discharged from said compressor
bypasses saul second ical exchungcr and is retumcxI
through said first hear exchan er tn said compressor
thereby to operate said first heat exchanger as a heat
I"Idlatnl"I

whcrcin, upon generation of a start signal for said hot gas
heater cycle, xdid coolulg mode is started Iirsl thcrcby
to start the recovery of the refrigerant dormant in said
second heat exchan er and, after execution of said
dormant refrigerant recovery. said heating mode with
said hot as heater cycle (H) is executed:

whcrcin xdnl compressor is a venable displacement type
refrigerant compressor bavin a variable displacement
mechmlism tilr changing the discharge capacity utiliz-
ing the difference benveen the discharge pressure and
the intake pressure; and

whcrcin, when Ihc disclrdrgc pressure of smd compressor
incrcascs by a prcdclennined amount al'tcr starling thc
dormant refrigerant recovery in said cooling niode, said
cooling mnde is temlinated upon lapse of a predeter-
mined time after starting to count the time from said
time point when said dischar e pressure increaces by
said predetermined amount.

0 A refrigeration cycle system according to claim 7,

wherein the operation of said compressor is substantially
suspended in the case where the dischar e pressure
fails to incrcasc by smd prcdetennincd Iunount within
a predetermined lmlgth of tune.

0 A refrigemctinn cycle system according to claim 7,

wherein after said cooling mode is terminated, the opera-
tion of saul compressor Is suspended in oil'mode, and

wherein after terminatin said oif mode, the heating mode
with said hnt gas heater cycle (II) is executed.

10. A refrigeration cycle system according to claim 7.

whclclll said vdllablc illsplaccnlcill type refllgcl'illu conl-
pressnr is a conlpressnr of smash plate type for chang-
ing the discllarge capacity by changing the piston
stroke according to the inclination angle of said swash
plate. and

whclclll B swasll plate chdlnbcr willi sBld swasli plinc
arranged therein conlmunicatec with the discharge side
mid the suction side of said cnmprescor, and the internal
pressure of caid swash plate chamber is contmlled by
chan in the inclination angle of said swash plate
under the control of a valve means of said variable
dlSplaCCIOCIII lnLChinllsill.


