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REFRI GERANT Cl RCULATI NG APPARATUS AﬁDLA(EHOB%S§T§SSEM§ﬁ G A REFé%gEéZWﬁff
CIRCU T Background of the I Bldhescuption : paged Ihepmedsgﬂ I nvention
relates to a refrigerant 'cirgdd dﬂam@ﬂappamwwdlgkaapngda ri gerant

circuit in which a refrigerat}ifid>omwdiiNe: migtd i *’dd;{)égeauﬁ%b o dissolve in a
refrigerant as in.a case whersg E{fmtssnewarrpl;ﬁge@.ﬁmyaﬁggfeaudﬂo,ar bon- (HFC)
based refrigerant is used as d yene- based oi
as a refrigerating nachine 0|I An exanpl e of a conventiona

refri ger AR TRARANT T G038 ANPAMTHOD DrS SNy A 20
In a case ere a I’E,‘FI’I geratl ng ITB.C I ne ol such as al E\)S/ enzene, ICh

has weak @@FREGERANT CrflciyiT espect to a hydrofluorocarbon- (HFC) based
refrigerant, is used as shown in Japanese Patent Application Laid-COpen No.

208819/ 1995, the return of oil from an accunul ator provided on the

IOMFpressure si de where the SO|UbI|Ity of the refrigerating machine oil in
ne entlien hitherto been an inportant problem in

t he rellab|I|ty of a conpressor Fig. 20 shows a refrigeration and

ai r-condi tioni ng ®hel preppataiinventiohi relatesHEG- basefrigéragsr ant and an

oi | having weak solubility are used as a refrigerant and a refrigerating

machi ne oFiirculasjagt appayatuse havingeperefrdgarantacircydfoiaswiich a

conmpressor for conpressing a refrigerant gas; 2, a faour-vay
refrigerating machine oil is difficult to dissolve in a

5 refrigerant as in a case where, for example, a
hydrofluorocarbon- (HFC-) based refrigerant is used as a
refrigerant and an alkylbenzene-based oil as a refrigerating
machine oil.

An example of a conventional refrigeration and air-
10 conditioning cycle apparatus is shown in Fig. 20. 1In a case
where a refrigerating machine oil such as alkylbenzene, which
has weak compatibility with respect to a hydrofluorocarbon-
(HFC-) based refrigerant, is used as shown in Japanese Patent
Application Laid-Open No. 208819/1995, the return of oil from
15 an accumulator provided on the low-pressure side where the
solubility of the refrigerating machine oil in the liquid
refrigerant declines has hitherto been an important problem
in the reliability of a compressor. Fig. 20 shows a
refrigeration and air-conditioning cycle apparatus in which
20 an HFC-based refrigerant and an oil having weak solubility
are used as a refrigerant and a refrigerating machine oil,
respectively, wherein reference numeral 1 denotes a
compressor for compressing a refrigerant gas; 2, a four-way
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2 valve having the function of reversing the flowng direction of the
refrigerant; 5, a pressure reducing device; 7, an accunul ator for

accurul ating surplus refrigerant; 14, a refrigerating machine oil stored
in the conpressor 1 to effect the lubrication of sliding portions of the
conpressor 1 and the sealing of a conpression chanber; 52, a condenser
for condensing a high-pressure refrigerant gas discharged fromthe
conpressor 1; and 55, an evaporator. The refrigerati ng machi ne oi

with veak selvel Halving €98 itinkRidn’ 8" KaS2Ling EAd 21bwingdusiapkagcycle
apparatus, e.g., alkyl'benzene, has nonsolubility or very weak solu |Pity
with respeeif thelrelfrigerant;r sf,r agpiraBbure ¥Bduting’ de¢iek;sql uBhl ity in
the liquid refrigerant under the conditions of congensing pressure and
condensi ng aceumalatore folreaoguiubatifgvetrplus refeigéraatybili ty in the
liquid refrigerant under the conditions.of evaporating pressure and

evapor at i ngefaigerating mechdné oil. Storéd indthescempeebsor detght in the
tenperature range of -20[err]C to +60[err]C being a value smaller than the
speci Bi ¢ wef&retothehdubrdgatiioneofi geidingaporhéosaneft theecampressou
under saturated vapor R[essure. _Next, a description will be given
of the behdvRBf &he spalingrp§epacrmpraseipPnechamberye5h; ga- peadenser

refrigeran% gas ongnessed bg the conpressor 1 is discharged to the
condenser 59% fBBfeBFipgear BLghgRFassFEe nBehrhigeErnt 19agsdischarged

|UbricatingrBRetﬁgnggﬁgﬁgésggdlgOgnaegglngntgsaporator.
The refrigerating machine oil with weak solubility
10 used in this refrigeration and air-conditioning cycle
apparatus, e.g., alkylbenzene, has nonsolubility or very weak
solubility with respect to an HFC-based refrigerant, with its
rate of sblﬁbility in the liquid refrigerant under the
conditions of condensing pressure and condensing temperature
15 being 0.5 - 7 wt%, its rate of solubility in the liquid
refrigerant under the conditions of evaporating pressure and
evaporating temperature being 0 - 2.0 wt%, and its épecific
weight in the temperature range of -20°C to +60°C being a
value smaller than the specific weight of the liquid
20 refrigerant at the same temperature and under saturated vapor
pressure.

Next, a description will be given of the behavior of
the refrigerating machine oil. The high-pressure refrigerant
gas compressed by the compressor 1 is discharged to the

25 condenser 52. Most of the refrigerating machine oil 14 used

for lubricating the compressor and for sealing the
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3 conpressi on chanber returns to the bottomof a hernetic cont ai ner

but the refrigerating nachine oil having an oil circulation rate of 0.3
to 2.0 mt% or thereabouts is di scharged together with the refrigerant
fromthe conpressor 1. The pipe dianeter of the condenser 5 where the
refrigerant gas flows is set so as to secure a flow rate of t he
refrigerant gas sufficient to convey the refrigerating machi ne oi
downstream Al though nost of the refrigerant liquefies in the vicinity of

an outl et QmdAss SN HRIber retdi¥hd & ithd Bt ddP B e & hdlsidé e

appreci ably, "since the refrigerating machine oil has weak solubility W th

respect t Gontdine®NARRS tthe Xl JefdtigRf aichiime Jil MLy 410 gEchi ne
oil dissolves in the liquid refrigerant and is conveyed to the pressure

reduci ng deitandtiomardteeel 4.8 eaarl (s wre thedfedbmtisefig ger ant
decline appreciably in a region downstream of the pressure reducing

devi ce 5, dimmbthamyeshltdydther widlnrths arefytiigemsntt Hecowefthegeramtpressoxchi ne
oil changes to nonsol ubility or very weak solubility with respect to the
liquidl refldi gdthentpipowiametathof dthe gandanapemeiwhereitthe is conveyed to
the accunulator 7 since the flowrate of the refrigerant increases

abrupt |y (ﬁﬁe‘-rtleﬂqli?éltgﬁsf ifdowWsorisofset &9 aHita wequreiiad flow ixgdhien@f which
occurs in the i.on downst ream of, t he pressure reduci ng device 5, and

since thet® rdim S £ & CPRVEY ¢ Tigerfting set
So as to sec re a ro rate of the o rant ga fficignt to convey
the refri é‘l.?r"it‘i %ﬁ a&)'vmf'tlré’:ﬁ’ﬁ% é"g of The refrigerant

llquefles in the vicinity of an outlet of the condenser 52
10 and the in-pipe flow rate declines appreciably, since the
refrigerating machine oil has weak solubility with respect to
the condensed liquid refrigerant, the refrigerating machine
oil dissolves in the liquid refrigerant and is conveyed to
‘the pressure reducing device 5} The temperature and_pressure
15 of the refrigerant decline appreciably in a region downstream
of the pressure reducing device 5, and the solubility
characteristic of the refrigerating machine o0il changes to
nonsolubility or very weak solubility with respect to the
liquid refrigerant. However, the refrigerating machine oil
20 is conveyed to the accumulator 7 since the flow rate of the
refrigerant increases abruptly due to the gasification of
part of the 1i§nid refrigerant which occurs in the region
downstream of the pressure reducing device 5, and since the
pPipe diameter of the evaporator 55 in the next stage is set
25 so as to secure a flow rate of the refrigerant gas sufficient

to convey the refrigerating machine oil downstream. Since
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4 the solubility of the refrigerating machine oil in the liquid
refrigerant under the conditions of evaporating pressure and evaporating
tenperature is nil or very weak, the refrigerating nachine oil 81 fornms a
separate |l ayer over the |liquid refrigerant 13 inside the accumul ator 7.

For this reason, the structure provided is such that a plurality of oi
returning holes 72a, 72b, 72c, and 72d having different heights froma

| ower end 7a of the accunulator are provided in a |ead-out pipe 71 for

| eadi ng t heneekbla®idity’ bFMehesré¢rigeratisgdfhathdndCeiTulial @he tﬁﬁhiﬁy
pronoting the return of  the oil to the conpressor 1. ot her
exanpl e of relfgigefrant! uadelr tabr coaditions afdevapotating pre88us¥Chfd
apparatus, a refrigeration and air-conditioning cycle apparatus discl osed
I n JapanesevBabeatingppempeiratarkaid- aidnolover92@dakI8%hes shown in Fig.
21. Reference nuneral 1 denotes the conmpressor for conpressing a

refri ger anrefaigefatingemechdoasoilf 81 fommensai sgpalratei jayerpowesuthe
refrigerant gas discharged fromthe conpressor 1; 31, a pre-stage pressure
reducPng déifAudd sefxigeranted3f enndecuhsl acengudatprud .r eForgthaat . 32, a

post - stage pressure, reduci ng devi ce; t he evaporator; _and_2, the
f our - way F§P§8nha§PﬁgsFHB°FHﬁStPSﬁvbgeﬁeéér§Pﬁ§ Rati poRiBEaditEcOfon of
the refrig

of this r8+i|§8FBFPbﬁgah5§§Fr7gg ?g#oﬁ%hg?C%%hg72§pgp§§ﬁgod¢ﬁggrggeratIOn

heights from a lower end 7a of the accumulator are provided
in a lead-out pipe 71 for leading the refrigerant from inside

10 to outside the accumulator, thereby promoting the return of
the oil to the compressor 1.

As another example of the conventional refrigeration
and air-conditioning cycle apparatus, a refrigeration and
air-conditioning cycle apparatus disclosed in Japanese Patent

15 Application Laid-Open No. 19253/1989 is shown in Fig. 21.
Reference numeral 1 denotes the compressor for compressing a
refrigerant gas; 52, the condenser for condensing the high-
pressure refrigerant gas discharged from the compressor 1;
31, a pre-stage pressure reducing device; 6, a receiver for

20 accumulating surplus refrigerant; 32, a post-stage pressure
reducing device; 55, the evaporator; and 2, the four-way
valve having the function of reversing the flowing direction
of the refrigerant.

Next, a description will be given of the operation of

25 this refrigeration and air-conditioning cycle apparatus. The

high-pressure refrigerant gas compressed by the compressor 1
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hi gh-pressure refrigerant gas conpressed by the conpressor 1

5 passes through the condenser 52 while becomng liquefied, is then
subjected to pressure reduction by the pre-stage pressure reducing device
31, and enters the receiver 6. Here, by controlling the pressure reducing
devi ces di sposed respectively before and after the receiver 6, the surplus
refrigerant is accunulated in correspondence with the condition of the

| oad of the apparatus, thereby optinizing the performance and efficiency

and ensuriggsddie tiddi HHe cotidddife BPHASERS - bddiningIUl thudf 1ddieT £t

which flowed out fromthe receiver 6 is further subjected 1o pressure

reduction gerd Nub Rledtd §HRESAIDE DERIBLdM P €S lﬁﬁa-sﬁgm passes
t hrough the evaporator 54, and is sucked into the conpressor

I n the refpregsmnnte areduting rdeddid t3DNidrd ereters aﬂparﬁmwémm in Fig. 20
and cited as a conventional exanple which uses a hydrofl uorocarbon- (HFC)

based refHemses by controldiirg e tpressuare atedudiony aevimsedispossd a
refrigerating nachine oil, the follow ng problemis encountered in the
case Wher er%spemg:er%imquﬁe andlafter dthe g@mve:s tac dthaulsurplus t he
accurmul ator 7 and the |liquid |evel has becone hi First,

al t hough tHRETigenant dis meqwmHiatediin FOrIRFRIN &Wfﬁ)tmﬁ'é‘ dih&ol ved in the
liquid refrigerant is separated fron1the uid refri rant 13 and is
accunul at &PRdELIgR @fdhe %@3&%« e*§‘ OPtIMZING o

the performance and efficiency and ensuring the reliability
of the compressor. The liquid refrigerant which flowed out

10 from the receiver 6 is further subjected to pressure
reduction to the level of necessary evaporating pressure,
then passes through the evaporator 54, and is sucked into the
compressor'l.

In the refrigeration and air-conditioning cycle

15 apparatus shown in Fig. 20 and cited as a conventional
example which uses a hydrofluorocarbon- (HFC-) based
refrigerant as a refrigerant and an alkylbenzene-based oil as
a refrigerating machine oil, the following problem is
encountered in the case where a large amount of surplus

20 refrigerant is accumulated in the accumulator 7 and the
liquid level has become high.

First, although the refrigerating machine oil 81
which cannot be dissolved in the liquid refrigerant is
separated from the liquid refrigerant 13 and is accumulated

25 in an upper layer of the two separated layers, since the

force of suction from the upper holes 72c¢c and 72d declines as

-5 - ¢t Has Been Reﬁawd

TR



- force of suction fromthe upper holes 72c and 72d declines as

6 conpared with that fromthe hole 72a provided in a |l ower end of the

| ead- out pipe 71 anong the oil holes 72 provided in the | ead-out pipe 71
i nside the accunulator 7, only the liquid refrigerant 13 in the |ower

| ayer flows into the |lead- out pipe 71, and the refrigerating nmachi ne oi
81 in the upper |ayer scarcely flows into the |ead-out pipe 71
Therefore, the refrigerating machine oil 81 is accunulated in a large

amount insééﬁ;i&fedaﬁfemﬁa@rffomvﬁw KéEe ' 34l prévidedt De &cibwapr@hdang
machine oil 81 in the conpressor 1 is depleted, possibly causing faulty

| ubricati ogf tkétleadesut tfhitpe i Thidindriy ethefoibheholesi 12 rptovidedninbecones
high, since the liquid refrigerant is sucked fromthe plurality of oi
returni ng théekead-ole pipa-Dlitinside Ahe caaccugelabexn?, onlyi goed
refrigerant returns to the conpressor 1,- which possibly results in a
sudden preliguidrrefrigexdnt chhpiresthe nlowenbayexutlows t ivte uphe yledd+ he
nonconpressive liquid refrigerant to the interior of the conpression
chanb8r. |eutzpipe|bh, andcehe eefrigexating impehine @ithdl gt ¥hem t he
conpression chanper is detained in the hermetic container of__the
conpr essorUPPRE layexr Beaxcele vy ittt 19ad-owt (PR®allng nachi ne
oil 81 is supplied to lubrigcatin el enent, portipns,. which can gause .
sei zure antPTREIPTRe YIS (RRETIERFATARGMAGHIRG MFDah 1 asrumyiarey in
portions of ; CoMP' SRSLAY STER ‘the NG AEH 19 fLeR dRE 1051 € Gk
the refrigerating machine oil 81 in the compressor 1 is
10 depleted, possibly causing faulty lubrication. Next, when
the liquid level of the liquid refrigerant becomes high,
since the liquid refrigerant is sucked from the plurality of
0il returning holes in the lead-out pipe 71, a large amount
_of liquid refrigerant returns to the compressor 1, which
15 possibly results in a sudden pressure rise in the compression
chamber due to the supply of the noncompressive liquid
refrigerant to the interior of the compression chamber. In
addition, since the liquid refrigerant discharged from the
conmpression chamber is detained in the hermetic container of
20 the compressor, the liquid refrigerant instead of the
refrigerating machine oil 81 is supplied to lubricating
element portions, which can cause seizure and the like of the
bearing of the compressor 1 and sliding portions of
compressing elements, thereby leading to a decline in the

25 reliability. 1In addition, if the diameters of the oil

returning holes 72 are set to be small so as to prevent a
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reliability. In addition, if the dianmeters of the oi

are set to be small so as to prevent a

7 large amount of liquid refrigerant fromreturning to the conpressor
the return of the refrigerating machine oil 81 is further aggravated, and
dust, inpurities, and the like in the circuit are liable to clog the oi

returning

hol es 72. Wth the refrigeration and air-conditioning

cycle apparatus shown in Fig. 21 and cited as a conventional exanple,

appar at us qaR-gee amieRind! &F Wil rd fRigRaMt 2rdm %@%ﬁrmﬁp_eta the

refrigerating machine oil having conpatibility wth are

i geran

but if a rebipiesaornd, ek Retuehl offathed regrsgeRratihy! hh¥h®he"82K 81
conpatibility is used, the refrigerating nmachine oil which is nonsol ub

in the |idsi durthergayggtravatedspandt ddsity) dmpuppeieck3yahdatHei $ikdeiai ned

I nside the receiver 54 under the operating

oi | circul sheorirsulisr gre dddbleheor eloggehet bid reelirneéngi holasi dg.t he
conpressor 1 is depleted, thereby possibly causing faulty |ubrication.
Convedtional |y, wh@ihthnther refnigervatios padf ainedonditioeipgoceske of

manuf acturing the conpressor using R 22 as a refrigerant, a discharge pipe
and a suct PBRagRbeSpBOWRodadFigy gilgandagdtedeasi at tgnventional perfor ned

under the

pressure rE&FARE

presiure of 28 kgf/cn2G  However, in a _case where a_ high-
Panthe gpPatarug10an; be eparatednwithgut or| pseblempbn- a

(HFC-) based ref %gerant t he gressure Qrres fnding to the refrigerant

t he case ofaff4¥

10

15

20

25

fa réfrigerating machine o having compatibility
with a refrigerant is used, but if a refrigerating machine
oil having noncompatibility or weak compatibility is used,
the refrigerating machine oil which is nonsoluble in the
liquid refrigerant is separated in an upper layer and is

detained inside the receiver 54 under the operating

conditions in which the rate of oil circulation is large, and

the refrigerating machine oil inside the compressor 1 is
depleted, thereby possibly causing faulty lubrication.
Conventionally, when an airtight test is performed in
the process of manufacturing the compressor using R.22 as a
refrigerant, a discharge pipe and a suction pipe are closed
by jigs, and the airtight test is performed under the
pressure of 28 kgf/cm’G. However, in a case where a high-
pressure refrigerant such as R.410A is used as the
hydrofluorocarbon- (HFC-) based refrigerant, the pressure
corresponding to the refrigerant in the case of R.410A is
considerably high at 45 kgf/cm’G, with the result that there

has been a possibility of the jigs from coming off when the
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considerably high at 45 kgf/cnferr]G wth the result that there has been
a possibility of the jigs fromcom ng off when the

8 airtight test is perforned. Summary of the Invention The
present invention has been devised to overconme the above-descri bed
problens, and its object is to provide a highly reliable refrigerating and
air-conditioning apparatus which is capable of reliably returning the
refrigerating nachine oil even in a case where a refrigerant circuit is

provi ded gy Rt st ofd I ok ftmed the refrigerating machine oil are
difficult to dissolve, and which is capable of accumul ating the surplus

liquid refrigerant so that a |arge amunt of liquid refrigerant wll not
return to the conpressor. Another object of the present invention is to
obt ai n an Sappey usf Whee ITaventnigpensi ve and highly reliable with a sinple
arrangenent . I n accordance with the present invention, the

refrigerant circulthe pressnd dnyentdomdas heen gevised dio eyiexrcomenhi ch a
conpressor, a condenser, a pressure reducing device, and an evaporator are
consecut i &g ahowardasaribed anobjansw anddts ohdecy digdoamraviideuidat i ng
apparatus conprises:, a liquid accunul ating, contai ner. connected between the

condehser hthlnhaeliable aefghdageraring and aig-candihioning apnayatus (o

[loow out |1 PR Ybanlid B Bor'Slld SIS T SRl g W0 o

machine oil even in a case where a refrigerant circuit is
provided in which the refrigerant and the refrigerating
machine oil are difficult to dissolve, and which is capable

10 of accumulating the surplus liquid refrigerant so that a
large amount of liquid refrigerant will not return to the
compressor. Another object of the present invention is to
obtain an apparatus which is inexpensive and highly reliable
with a simple arrangement.

15 In accordance with the present invention, the
refrigerant circulating apparatus having a refrigerant
circuit in which a compressor, a condenser, a pressure
reducing device, and an evaporator are consecutively
connected by refrigerant pipes, the refrigerant circulating

20 apparatus comprises: a liquid accumulating container
connected between the condenser and the pressure reducing
device for allowing oil droplets to flow out in suspended
form, by using a refrigerating machine oil which exhibits

nonsolubility or very weak solubility in terms of a rate by

25 weight of solubility of the refrigerating machine oil in a
il




nonsol ubility or very weak solubility in terns of a rate by weight of
solubility of the refrigerating machine oil in a

9 liquid refrigerant under conditions of condensing pressure and
condensi ng tenperature and which exhibits nonsolubility or very weak
solubility in ternms of a rate by wei ght of solubility of the
refrigerating machine oil in the liquid refrigerant under conditions of
evaporating pressure and evaporating tenperature, and which has snaller

speci fic 1digdid relfidgerdnt’ SndedecdMditions of c-g?ﬁefn‘asfidr#%n ure

circulating apparatus i'n accordance wth the present inve _
conpri ses: afi@aednkdensiala perateied alnldoWhiighd 'é'x?ﬁ‘b'i?:l'% gxfon%l%q_u'iﬁfl{i'tgfr ant,
ai 0

the Iliquid accumulating con ner for allow ng the ol roplets | ow

out in suspentedyf eeakbeolgbioityciadtbemecof bheateohdenedghtndst he
pressure reducing device on a flowng side where the refrigerant becones
surplus. solubility efcthdameérigeiratiiagpmachine pidntinothe 0ighadd
refrigerant circulating apparatus having a refrigerant circuit in which a
conprgssorFeﬁﬁaﬁgrﬁat uhdeyi agnditions dbifoeivaporatdagi preskuzer ahdi ger ant,
a condenser, a pair of pressure reducing devices, and an evaporator are
consecut | vEVPeERRdRgcBeMperaturger and yhpeb hamesmafllegespecificr cul ating

apparatus conptises:; a ljquid_accunul ating container interposed between
t he pressugﬁggéhﬂcihﬁndﬁbgcE??rlﬁ?rG§Fng a refrigerating machine oil which

exhibits The refrigerant circulating apparatus in accordance
with the present invention further comprises: means for

10 changing over a flowing direction of the refrigerant, the
liquid accumulating container for allowing the oil droplets
to flow out in suspended form being connected between the
condenser and the pressure reducing device on a flowing side
where the refrigerant becomes surplus.

15 In accordance with the present invention, in the
refrigeraht circulating apparatus having a refrigerant
circuit in which a compressor, means for changing over a
flowing direction of a refrigerant, a condenser, a pair of
pressure reducing devices, and an evaporator are

20 consecutively connected by refrigerant pipes, the refrigerant
circulating apparatus comprises: a liquid accumulating
container interposed between the pressure reducing devices,
by using a refrigerating machine oil which exhibits
nonsolubility or very weak solubility in terms of a rate by

25 weight of solubility of the refrigerating machine oil in a

liquid réfrigerant under the conditions of condensing
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nonsol ubility or very weak solubility in terns of a rate by weight of
solubility of the refrigerating machine oil in a |liquid refrigerant under
t he conditions of condensing 10
pressure and condensing tenperature and which exhibits nonsolubility or
very weak solubility in ternms of a rate by weight of solubility of the
refrigerating machine oil in the 1liquid refrigerant under the conditions
of evaporating pressure and evaporating tenperature. In the

refrigeranpréss€ré adnddcondensing témpeesoif@nsnd whichheéxhibsest
I nvention, refrigerant pipes at an inlet and an outlet of the refrigerant

into and frensdéhebilieyi olr aeetylikedk ngoubi i terinrtermseof ed rate bye
container froma |ower portion thereof, and the refrigerant inside the
li qui d accweight i of sehitbihity icf atheveaftrigétatvifiganmadkrine oib ovlke and
I s agitated. In the refrigerant-circulating apparatus in
accor dancelifuid trefpigerant iunder i the corditiongcpfinevaperainghe |i quid
accunul ating container is agitated by changing a state of a phase of the
refri§er arPresseraand eVapRrating teMRERIFUER. 3 position where the
refrigerant flows in froman _inlet pipe of the Iiﬁgid accuymul ati ng
container for ac i apt (GEnqulating apparatus gl (efrj gerant
circul ati ng_apparat us j cordance ~.wth the presept.invention further
conpr i ses: SOTIATS JFLEh IS RRERTIH LARRB PRy HERMITIIN AT ERST A
subcool ing, , CHATACT G Sid WA &€ SR RS RALFE (il Sn@ AT S e MR ARL ' N9
liquid accumulating container are inserted into the container
10 from a lower portion thereof, and the refrigerant inside the
liquid accumulating container is allowed to flow from below
to above and is agitated.
In the refrigerant circulating apparatus in
accordance with the present invention, the refrigerant inside
15 the liquid accumulating container is agitated by changing a
state of a phase of the refrigerant or a state of pressure
thereof at a poéition where the refrigerant flows in from an
inlet pipe of the liquid accumulating container for
accumulating surplus refrigerant.
20 The refrigerant circulating apparatus in accordance
with the present invention further comprises: at least one
of subcooling detecting means for detecting a subcooling
characteristic value corresponding to a degree of subcooling
of the refrigerant at an outlet of the condenser and

25 superheating detecting means for detecting a superheating

characteristic value corresponding to a degree of
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of the refrigerant at an outlet of the condenser and superheating
detecting neans for detecting a superheating characteristic value
corresponding to a degree of superheating of the refrigerant
sucked into the conpressor; calculating neans for calculating a deviation
with a targeted. value corresponding with at |east one of a result of
detection by the superheating detecting neans and a result of detection by
t he subcooling detecting nmeans; and controlling mneans for controlling a

control valygephedtihgast QNS AlfiiGerdiiesitited it Nthdledd

( 313 2
hi gh- pressure side and a | ow presSure side on the basis of the result of

cal cul ati opaiuld¥Eng améant f64 dERRFlating a deviatith eith gertdigeted
circulating apparatus in accordance with the present invention, a control

val ve whi chalue conitespordimyg iwitls et deddte quesfire reshit rof devi ce, and
an area of an opening in the control valve is controlled such that the
| i qui d refdetectinn iby ttiee cupearheat irgy deectionpoweans yaehpt ywesult of |n
the refrigerant circulating apparatus in accordance with the present
i nven$i on,detection rhy the \aubawoking detwmatislg mgans s anbFentarldlin®essure
reducing device, and the control valve is controlled with the |apse of a
pr edet er miMRANS | $AY Monkralking @y control valye 9ffat Jaagh ane @f dheg
apparatus in accordance ,thJIthe resent,iqyention coqyﬁises: a
refrigere”grqﬁﬁgﬁﬁtreduCLng evices on a high-pressure side and a low-
pressure side on the basis of the result of calculation by
the calculating means.
10 In the refrigerant circulating apparatus in
accordance with the present invention, a control valve which
is controllable is used as the pressure reducing device, and
an area of an opening in the control valve is controlled such
that the liquid refrigerant in the container becomes
15 temporarily empty.
In the refrigerant circulating apparatus in
accordance with the present invention, the control valve
which is controllable is used as the pressure reducing
device, and the control valve is controlled with the lapse of
20 a predetermined time after starting.
The refrigerant circulating apparatus in accordance
with the present invention comprises: a refrigerant circuit
in which a compressor, a condenser, a pair of pressure
reducing devices, and an evaporator are consecutively

25 connected by refrigerant pipes; a liquid accumulating

container provided in the refrigerant circuit for
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In which a conpressor, a condenser, a pair of pressure reducing devices,
and an evaporator are consecutively connected by refrigerant pipes; a

| iquid accunulating container provided in the refrigerant circuit for

12 accunulating a refrigerant and a refrigerating machine oil which

exhi bits nonsolubility or very weak solubility in a liquid refrigerant
under conditions of condensing pressure and condensing tenperature and
under conditions of evaporating pressure and evaporating tenperature with

respect tgcddifulftinges A iSFarnt '4nd & Sefridd¥at fld imiite iy cuit;

and oil-solubility-rate setting neans for setting at |east one of the

t enper at urwhicll quletisits WonddlubEl ity M Rtery fwddle soXibil iage umilat i ng
contai ner such that a rate of solubility of the refrigerating machi ne oi

in the |iduighid efefigibyerdnt nmdéer tdonditjions af wondensing Eraesswre becones
approximately equivalent to or higher than an oil circulation rate of the
ref ri ger atdand) condensing | tenpextathireansl undeomeandii tions exSor to the
refrigerant circuit during operation. - In the refrigerant
ci rcud at i rIRyaRgrating pressuge anth @vaparating pempenature: wWitdh respestur e
reduci ng devices are respectively di spgosed before and after the liquid
accunul at i ¥hizgirigenapo st oh aireulatasydmfhe inebnigenant
cccumi 2t L1g LT Shid 9PN B e Lembe sl st Pass U Al e
reduci g deyl e UG WAL ¢l el e®larkP el Y S LEIEiGRIALNS
in the liquid accumulating container such that a rate of
10 solubility of the refrigerating machine oil in the liquid
refrigerant inside the liquid accumulating container becomes
approximately equivalent to or higher than an oil circulation
rate of the refrigerating machine oil which flows out from
.the compressor to the refrigerant circuit during operation.
15 In the refrigerant circulating apparatus in
accordance with the present invention, pressure reducing
devices are respectively disposed before and after the liquid
accumulating container disposed in the refrigerant circuit
for accumulating the refrigerant, and the temperature and
20 pressure of the refrigerant in the liquid accumulating
container are set by the pressure reducing devices such that
the rate of solubility of the refrigerating machine o0il in
the liquid refrigerant inside the liquid accumulating
container becomes approximately equivalent to or higher than
25 the oil circulation rate of the refrigerating machine oil
| which flows out from the compressor to the refrigerant
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the liquid refrigerant inside the liquid accunulating container becones
approxi mately equivalent to or higher than the oil circulation rate of the

refrigerating machine oil which flows out fromthe conpressor to the
refrigerant 13 «circuit during

oper ati on. In the refrigerant circul ati ng apparatus in accordance
with the present invention, neans for nmaking oil droplets finer is used as

at |east a pre-stage pressure reducing device of the pressure reducing

devi ces digppseit desprgiopstatbenore and after the Iiquid accunul ating
cont ai ner. The refrigerant circulating apparatus in accordance

with the present inyethe refrigurses circwlat g capparatus tini n which a
conpressor, a condenser, a pressure reducing device, and an evaporator are
consecut i vatgordamees tweitlbythe gpregentininpemebon o heans df euc quaikd reg i ongl
container provided in the refrigerant circuit for accumulating a

refri ger andrepliets: fider gis amsed asmocat nkeast prerssagdipresmme| ubility
or very weak solubility in a liquid refrigerant under_ conditions _of
condedsi ngrefuaing dewire il cthe Rreeipes Xefucing devises (DkRshs of

evaporatin ressure, and evaporatin tenperaiure with respect to the

refri ger ank® "c‘h’-‘(ﬁh':&’%f 8 t?’gt?’éf&? ef“a‘ml‘?:i?"c‘i}f’?‘fl Di |
recovering neans disposed in an interior of the conpressor or on a

di schar ge 9@t 1 he conpressor for lowering an oil circulation rate such

that The refrigerant circulating apparatus in accordance
with the present invention comprises: a refrigerant circuit
10 in which a compressor, a condenser, a pressure reducing
device, and an evaporator are consecutively connected by
refrigerant pipes; a ligquid accumulating container provided
in the refrigerant circuit for accumulating a refrigerant and
a refrigerating machine oil which exhibits nonsolubility or
15 very weak solubility in a liquid refrigerant under conditions
of condensing pressure and condensing temperature and under
conditions of evaporating pressure and evaporating
temperature with respect to the refrigerant which circulates
‘in the refrigerant circuit; and oil recovering means disposed
20 in an interior of the compressor or on a discharge side of
the compressor for lowering an o0il circulation rate such that
the o0il circulation rate of the refrigerating machine oil
which flows out from the compressor to the refrigerant
circuit during operation becomes approximately equivalent to
25 or lower than a rate at which the liquid refrigerant inside

the liquid accumulating container dissolves the refrigerating
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the oil circulation rate of the refrigerating machine oil which flows out
fromthe conpressor to the refrigerant «circuit during operation becones
approximately equivalent to or lower than a rate at which the liquid
refrigerant inside the liquid accunul ati ng container dissolves the
refrigerating 14 machi ne oil

In the refrigerant circulating apparatus in accordance with the present

i nvention, an inlet pipe for the refrigerant to flowinto the liquid
accunul at igng e ¢yiner fromthe refrigerant circuit and an outlet pipe for
the refrigerant to flow out fromthe liquid accunmulating container to the

refrigerant circuirn ahe e atit! It itrleRilat iTRS RpParedud @4 openi ngs

di sposed in a | ower portion of the |iquid accunulating container, and are
arranged tazctiddaside avitihe fthe) Prvsiento ifrvastdiorsctdry ifnlesd tgigpd foxt thepe
into the outlet pipe.. . The refrigerant circulating apparatus in

accor danceefmuitigerant pooesdow iimbenttihen figquilte maomprliatdsg aendbadagimg
portion disposed on a di scharge-side pipe of the conpressor and having a
changed ofiromidhe amefirdgesfantheigiondt and an outleth@ips oy thet
circulating apparatus in __accordance with the present invention, the

r ef ri ger atefF Lgaxramtn &oifilowa outofsem dihe thiawid, accumdiatd®dubi ity with
respect to the refrigerant, with its rate by weight of soluhility in the
liquid reCoM&AeT & FeItEdPRTENtn & iFe il AFe, STFEngess witd ir

conden5|n%e%%g% &%%H%Ep%?%%%

A%A%é'&isposed in a lower portion of the
liquid accumulating container, and are arranged to allow the

10 refrigerant to flow directly from the inlet pipe into the
outlet pipe.

The refrigerant circulating apparatus in accordance
with the présent invention further comprises: an engaginé
portion disposed on a discharge-side pipe of the compressor

15 and having a changed outside diameter of the pipe.-

In the refrigerant circulating apparatus in
accordance with the present invention, the refrigerating
machine oil has nonsolubility or very weak solubility with
respect to the refrigerant, with its rate by weight of

20 solubility in the liquid refrigerant under the conditions of
condensing pressure and condensing temperature being 0.5 - 7
wt$, and its rate by weight of solubility in the liguid
refrigerant under the conditions of evaporating pressure and
evaporating temperature being 0 - 2.0 wt%.

25 The method of assembling a refrigerant circuit in

accordance with the present invention comprises the steps of:
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w% and its rate by weight of solubility in the liquid refrigerant under
the conditions of evaporating pressure and evaporating tenperature being O
- 2.0 % The net hod of assenbling a refrigerant circuit in
accordance with the present invention conprises the steps of:

providing in the refrigerant circuit liquid accunmulating neans for

accunul ating a refrigerant circulating in a refrigerant circuit in which a
conpressor, a condenser, a pressure reducing device, and an evaporator are

consecut i eryvidDhg eth 6hdYrd B { dA lc FALSE BEQid adduhdiBat fig | ger ant
circuit a refrigerating machine oil which exhibitS nonsolubility or very

weak sol ubhéany fdir dadd@miThtBidg | HFafitigerdiet cORcld®iYeg ofn G@ndensi ng
pressure and condensing tenperature and under conditions of evaporating
pressure arefrbyerariiate ixed Pt avhiich arcbmmtéssgr Ata |lamsdenser pofa t he
tenperature and pressure of the refrigerant in the liquid accunulating
means suclprémsuxe regduaing addeshide t yand drhevapdratyer airengoresvtutcively i n
the liquid refrigerant inside the liquid accurmul ati ng nmeans becones
appr oXi nateonneckpd \ky arafnigenranti ghpeshaealing |inithaizafgigerant of the
refrigerating machine oi| which flows out fromthe conpressor to the
refri ger arfti%Guitiia ERETIAPTRIGNG machine oil which @RIt assenbling a
0
i

o1 0et AP B Uy SECLITEe ML IS FLESE RN AT (e
under conditions of condensing pressure and condensing
temperature and under conditions of evaporating pressure and

10 evaporating temperature; and setting at least one of the
temperature and pressure of the refrigerant in the liquid
accumulating means such that a rate of solubility of the
refrigerating machine oil in the liquid refrigerant inside
the liquid accumulating means becomes approximately

15 equivalent to or higher than an oil circulation rate of the
refrigerating machine o0il which flows out from the compressor
to the refrigerant circuit during operation.

The method of assembling a refrigerant circuit in
accordance with the present invention comprises the steps of:

20 changing a kind of refrigerant to be circulated in a
refrigerant circuit in which a compressor, a condenser, a
pressure reducing device, an evaporator, and liquid
accumulating means for accumulating a refrigerant are
consecutively connected by refrigerant pipes from a sealed

25 refrigerant to another refrigerant; continuing to seal in the

a refrigerating machine oil sealed in the compressor even if
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refrigerant circuit in which a conpressor, a condenser, a pressure
reduci ng devi ce, an evaporator, and liquid accunulating neans for

accunul ating a refrigerant are consecutively connected by refrigerant

pi pes froma sealed refrigerant to another refrigerant; continuing to sea
in the a refrigerating machine oil sealed in the conpressor even if

16 the kind of refrigerant is changed; and setting at |east one of the
tenperature and pressure of the refrigerant in the |iquid accunul ating

neans suchtheakiad aife reffrigbitiinki ¥ ehangba;r ahai gé&%&h?gaﬁa%h% 8hk N

t he changed refrigerant becones apprOX|nater equi val enf to or higher than
an oil ci ofulthei temperataket badr pkesgaret bfigtheckefieigeranti ¢h thews out
fromthe conpressor to the refrigerant circuit during operation in a case
where the Adguidf acchmulatingokeans suchrthatasi ngtenofii selabllisyl oer
than the oil circulation rate. Brief Description of the Draw ngs

Fig. 1 is &heoreépigaratingrmacbine edélripethat changedl mefnigepaat at us
illustrati a first enbodi nent of the. present invention Fig. 2
is a éonceggﬁaweﬁl3§P§ﬁ¥bﬂa§?1YqﬁgﬂlvﬁéeﬁﬁutatPﬁghEGhﬁﬁlhbﬁnlamu@ilat|ng
first and secon resent ,inventjon; Fig. 3is

i nents of the
a concept ustrgr aFéﬂ?oFaFﬂe°§eF¥?gﬁ?gﬁ%geE?Féﬁgaﬂﬂﬁﬁlﬁﬁﬁ%}bfﬂkl¢hI Wit i ng

anot her enggg FEOh gﬂe compressor to the refrigerant circuit during

operation in a case where the rate of solubility of the
refrigerating machine oil is lower than the oil circulation

10 rate.

Brief Description of the Drawings

Fig. 1 is a conceptual diagram of a refrigerant
circulating apparatus illustrating a first embodiment of the
present invention;

15 Fig. 2 is a conceptual diagram of a liquid
accumulating container illustrating first and second
embodiments of the present invention;

Fig. 3 is a conceptual diagram of the refrigerant
circulating apparatus illustrating another embodiment of the

20 present invention;

Fig; 4 is a conceptual diagram of the refrigerant
circulating apparatus illustrating still another embodiment
of the present invention;

Fig. 5 is a conceptual diagram of the refrigerant

25 circulating apparatus illustrating a further embodiment of

- 16 -
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present invention; Fig. 4 is a conceptual diagramof the
refrigerant circulating apparatus illustrating still another enbodi nent
of the present invention; Fig. 5 is a conceptual diagramof the
refrigerant circulating apparatus illustrating a further enbodi nent of
the present invention; Fig. 6 is a diagramillustrating a change
in the detained state of oil in a liquid accurmul ati ng contai ner after
starting in accordance with the present invention; Fig. 7is a

concept ual ¢l g {dredtsidd gerant circulating apparatus illustrating a
still furf%er enbodi nrent of the present invention; Fig. 8is a

schemati ¢ di agrampig.a § &fy il Aidigragh dNdustivationgdial ichange dppahet us
illustrating a further enbodi nent of the present invention; Fig.
9 is a schiomtdimedlistgiteanaff dille irefa ilgepuwid Rgcud atiimge eoditiaimemg
apparatus illustrating the further enbodi ment of the present invention;
Fig. 10 i saftel mpaarting ust ratdomlanice wetth dhe polesgint tipventdon;
refrigerating machine oil in a liquid refrigerant and the relationship
betwe®n the oil ciFdgul gt iieh a consceptunalhdiagmpme ofother zefrigpriant
accordance with the present invention; Fig. 11 is a schematic
di agr am ofcinpulatiingappanafus illustrating a still further embodiment
of the present invention;
Fig. 8 is a schematic diagram of a refrigerating and
air-conditioning apparatus illustrating a further embodiment
10 of the present invention;
Fig. 9 is a schematic diagram of the refrigerating
and air-conditioning apparatus illustrating the further
embodiment of the present invention;
Fig. 10 is a diagram illustrating the rate of
15 solubility of a refrigerating machine o0il in a liquid
refrigerant and the relationship between the o0il circulation
rate and the compressor frequency in accordance with the
present invention;
Fig. 11 is a schematic diagram of the refrigerating
20 and air-conditioning apparatus illustrating a further
embodiment of the present invention;
Fig. 12 is a diagram illustrating the rate of
solubility of the refrigerating machine oil in the liquid
refrigerant, the relationship between the oil circulation

25 rate and the compressor frequency, and the relationship

between the condensing temperature and the internal

- 17 - .
This Sheet Has Been RT

[T



and air-conditioning apparatus illustrating a further enbodinent of the
present invention; Fig. 12 is a diagramillustrating the rate of
solubility of the refrigerating machine oil in the liquid refrigerant, the
rel ati onship between the oil circulation rate and the conpressor

frequency, and the relationship between the condensing tenperature and the

I nt ernal tenperature of a receiver in accordance with a further
enbodi ment of the present invention; Fig. 13 is a schematic

di agram ofgdnjferiyrd B ald NbcdifbRl i GUtEdddibd Gl hitittidd Ustrating
the further “enbodi nent of the present invention; Fig. 14 is a
schemat i c ¢intrgiawentd dheatefpregimdl iidgrerfyicbryy r - condi ti oni ng appar at us
illustrating a further enbodi ment of the present invention; Fig.
15 is a diagram i |IRigst rlad iisg & Iseheatat icf disagnan (off whef nelfe igefraitdergat i ng
machine oil in the liquid refrigerant and the relationship between the oi
ci rcul at i and radre-contlitHonigig appagnatiuse gudmst nat ing dihgaforthierh t he
further enbodi nent of the present invention; Fig. 16 is a

schenfat i c embagimenyi afhdheepuegand iinyentd®ndi r - condi ti oni ng appar at us
illustrating a further _ enbodi nent of .the present jinventian; [

[ . . Fig.
17 is a di agram i Bigst A4 1%y & §ehematde, ddagram g the. redrigrratddddance

with the furfher enbogdi nt, of the resent. i nvent.i on;
and air-con léganing apparé%us %ﬁlué%réling a further

embodiment of the present invention;

FPig. 15 is a diagram illustrating the rate of

10 solubility of the refrigerating machine oil in the liquid
refrigerant and the relationship between the o0il circulation
rate and the compressor frequency in accordance with the
further embodiment of the present invention;

Fig. 16 is a schematic diagram of the refrigerating

15 and aii—conditioning apparatus illustrating a further
embodiment of the present invention;

Fig. 17 is a diagram illustrating the structure of
the receiver in accordance with the further embodiment of the
present invention;

20 Fig. 18 is a diagram illustrating the structure of
the receiver in accordance with the further embodiment of the
present invention;

Fig. 19 is a partial explanatory diagram of the
apparatus in accordaﬁce with a further embodiment of the

25 present invention;

Fig. 20 is a schematic diagram of a conventional
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Fig. 18 is a diagramillustrating the structure of the receiver in
accordance with the further enbodi nent of the present invention;
Fig. 19 is a partial explanatory diagramof the apparatus in accordance

with a further enbodi ment of the present invention; Fig. 20 is a
schemati c di agram of a conventi onal
19 refrigeration and air-conditioning cycle apparatus; and Fig.

21 is a schematic diagram of another conventional exanple of the

refrigeraty f§§% L § s | §.] 'ﬁub RPPE ai

Descri pti oir.lé)%f' eﬁpiéoe? e%gégn{)%g | rre%@fnéﬁ rs?é Lléar?%%%f?rgﬁét' 4
Referring now to Fpigp. 1 syl & schet@Rtold [Miffra |df Renothesen of a first
enbodi nent of the present invention. Fig. 1 shows an exanple of a

refri ger andonventicia Gexanplalas the afefrigerytiot dmd anixdr conditioner.
In Fig. 1, reference nuneral 1 denotes a conpressor for conpressing a

r ef ri ger antondjiatsi oni ngarcyellel appadyssttusexchanger for condensing the high-
pressure refrigerant gas discharged fromthe conpressor 1; 3, an indoor
heat exchanger; 5, a pressure reducing device; and 6, a liquid

accunul ating container for accunmulating surplus refrigerant. In addition,
Fi g. ? shdietaxked iDagg ot ig adfx the Prefe ed Embodiments

Eirst Embodiment
Referring now to Figs. 1 and 2, a description will be
given of a first embodiment of the present invention. Fig. 1
shows an example of a refrigerant circulating apparatus which
10 is applied to an air conditioner. 1In Fig. 1, reference
numeral 1 denotes a compressor for compressing a refrigerant
‘gas; 4, an outdoor heat exchanger for condensing the high-
pressure refrigerant gas discharged from the compressor 1; 3,
an indoor heat exchanger; 5, a pressure reducing device; and
15 6, a ligquid accumulating container for accumulating surplus
refrigerant. 1In addition, Fig. 2 shows the structure of the
liquid accumulating container, in which numeral 7 denotes a
main body of the liquid accumulating container; 8, an inlet
pipe connected to the lower side of the container; and 9, an
20 outlet pipe connected to the upper side of the container.
Numerals 16 and 17 denote fans for indoor and outdoor heat
exchangers, respectively.
Next, a description will be given of the behavior of
the refrigerant and the refrigerating machine oil in a case
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l'iquid accunul ating container, in which nuneral 7 denotes a main body of
the liquid accunmul ating container; 8, an inlet pipe connected to the | ower
side of the container; and 9, an outlet pipe connected to the upper side
of the container. Numerals 16 and 17 denote fans for indoor and outdoor

heat exchangers, respectively. Next, a description will be given
of the behavior of the refrigerant and the refrigerating machine oil in a
case 20 where the refrigerant flows

in the dirgelionepd A&£L r{ﬁ'@ £ 10 et?t?é’rcfixf]é‘é%i&?f&ﬂtal%%ﬁo”ﬁ‘l@sw
by the conpressor 1 Is dfscharged together with the refrigerating nmachine
oi | havi %@Aéﬁtéﬁﬁuf@tt@fﬂg&é}% Wdd) dafesdsdd By ahd dniisysr and
enters the outdoor heat exchanger 4 which i's a condenser for condensing
the refri gbg adiscHdwged efddextieant iwitHraghe nee fiti geratoiony eysrshine tdiq out door
heat exchanger 4 by the refrigerant gas which has a sufficient flowrate.

In the vichawing i wéightitratipad 20f0% heltthitmespecthdad tthechanger 4, part

of the refrigerating machine oil dissolves in the liquefied refrigerant,
whi | e5t he refmigerant poand entgrs the efutidpamthert mxdliangey 14 iwhich is
transfornmed into oil droplets, so that the refrigerating nmachine oil is

conveyed t® qondensgn dfor aendensing dhe Hefaioeraifet n@herith the
refrigerant. In the main body 7 of the liquid  accunulating container where
t he channdfefFigerplcig machine oilnds Icapvexed gm tthe qufdoPn dedtger ant

dect i nes, apd, Lo, @) SSUTARIINS 2l MDA W gL O

flow rate. In the vicinity of the outlet port of the outdoor
10 heat exchanger 4, part of the refrigerating machine oil
dissolves in the liquefied refrigerant, while the remaining
portion of the refrigerating machine oil is transformed into
oil droplets, so that the refrigerating machine oil is
conveyed to the liquid accumulating container 6 together with
15 the refrigerant. 1In the main body 7 of the liquid
accumulating container where the channel area becomes large,
the flow rate of the liquid refrigerant declines, and the
refrigerating machine oil which is in the form of oil
droplets floats upward in the container since its specific
20 weight is smaller than that-of the refrigerant. However, the
direction in which the refrigerating machine oil floats
upward is the same as the direction of the flow of the
refrigerant as indicated by the arrows, and the main body 7
of the container is generally in a state of being filled with
25 the liquid except for a period immediately after starting

{for about 5 minutes), so that the refrigerating machine oil
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droplets floats upward in the container since its specific weight is
smal l er than that of the refrigerant. However, the direction in which the
refrigerating machine oil floats wupward is the same as the direction of
the flow of the refrigerant as indicated by the arrows, and the nmain body
7 of the container is generally in a state of being filled with the

| iquid except for a period imediately after starting (for about 5

m nutes), so that the refrigerating machine oil i s conveyed from

Lhe out| oty 1 iy boid S did NuiORR! AR o W 1l U Ui 1 e

mai n body accumrul at1 ng “contai ner. Since part o e liquid

refriger angi ticutdasd ind Gdva Hd 45 WL HB Hody &6 D THLAUGui@ to a
necessary pressure | evel by the pressure reduci ng device 5, he anount of

refriger andcointlat ing resifidindy | | Giintd Part of HHEIQGuisP ﬁdﬁitigéﬂnt
refrigerating machine oil which dissolved in the gasified liqu
refrigerants igassisfizdhttad agithg fstibjeciidd dioo preissudse reduetiess tosiance t he
flowrate of the refrigerant increases abruptly due to the gasification of
part ®f thedespiny pafessyareniievedndyt thepippresduaee irexduafi nghdeviicgo br, heat
exchanger 3 which is an evaporator in the next stage for evaporating the
ref ri ger arthe amounts ofrafrigenant whichovusr presentt Ha Adguigefoam dss
sufficient to convey the refrigerating machine oil downstream the

ref ri ger atiadpcadhciondhay the gefrdgeratingugachias fddoWhish exchanger

and returns tqQ the conpressor. 1. Thus, .the refrigerating machi ne
dissolved inlg%e gasified liquid refrigerant isgseparated and

forms oil droplets. Nevertheless, since the flow rate of the

10 refrigerant increases abruptly due to the gasification of
part of the liquid refrigerant, and the pipe diameter of the
indoor heat exchanger 3 which is an evaporator in the next
stage for evaporating the refrigerant is set so as to secure
a flow rate of the refrigerant gas sufficient to convey the

15  refrigerating machine oil downstream, the refrigerating
machine o0il is conveyed through the indoor heat exchanger and
returns to the compressor 1. Thus, the refrigerating machine
0il which flowed out from the compressor can be returned
reliably to the compressor, and proper lubricating and

20 sealing functions can be maintained for the compressing
elements, so that it is possible to obtain an apparatus in
which the reliability of the compressor is high. 1In
addition, the structure is simple, productivity and cost
performance are outstanding, and a decline in the performance

25 due to the clogging with dust does not occur.
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oil which flowed out fromthe conpressor can be returned reliably to the
conpressor, and proper lubricating and sealing functions can be naintained
for the conpressing elenents, so that it is possible to obtain an
apparatus in which the reliability of the conpressor is high. In

addition, the structure is sinple, productivity and cost performance are
out standi ng, and a decline in the performance due to the clogging with
dust does not occur. 22 Second

Enbodinentsgggggazm%gﬁ%ﬁéﬁtng nowto Figs. 2 and 3, a description wll be
gi ven of a second enbodl nent of the present invention. Fig. 3 shows an
exanpl e of the refréfeFAMig Chow Elk1gs APPAEAG S, INAEHt oA oth] H&n
air conditioner. In Fig. 3, reference” nuneral 1 denotes t'he conpressor for
conpr essi ngivenr efra gee6thd 0&Ebodimént OOE - ¥RY NMPé¥Enbayhventienf ungigon of
reversing the flowing direction of the refrigerant; 18, an extension pipe
connect i ng3 ashowsloam emampledofintioelt cofrigenint SirdWPativeodp tus
exchanger; 4, the outdoor heat exchanger; 5, the pressure reduci ng device;
and 65 t hewhieRits applied até nan cair arowditfbonexcuninaFiqg 3Iurpeéference
refrigerant. |In addition, Fig. 2 shows the structure of the liquid

accunul at i FEPRRERL o rienotes viie Icompressory fnctamrpressingm body of the

liquid accumyl ating container; 8 the inlet pipe connected to the |ower
si de of tfﬁe%’b’rﬂ%‘?%;gaa?ﬁd 2, '3 HOUXTNAB(VHi TR haring e tHinatdammE si de

of the container. xt,. a descriptjon will_be given of the
behavior dfeversing the flo&*ig dlrectlonF%f the refrigé%ant; 18, an

extension pipe connecting an indoor unit and an outdoor unit;
10 3, the indoor heat exchanger; 4, the outdoor heat exchanger;
5, the pressure reducing device; and 6, the liquid
accumulating container for accumulating surplus refrigerant.
In addition, Fig. 2 shows the structure of the liquid
accumulating container, in which numeral 7 denotes the main
15 © body of the liquid accumulating container; 8, the inlet pipe
connected to the lower side of the container; and 9, the
outlet pipe connected to the upper side of the container.
Next, a description will be given of the behavior of
the refrigerant and the refrigerating machine oil in a case
20 where heating is effected by the indoor unit. The high-
pressure refrigerant gas compressed by the compressor 1 is
discharged together with the refrigerating machine o0il having
a weight ratio of 2.0% with respect to the refrigerant,
passes through the four-way valve 2, and enters the indoor
25 heat exchanger 3 which is a condenser. The refrigerating

machine o0il is conveyed by the refrigerant gas which has a
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the refrigerant and the refrigerating machine oil in a case where heating
Is effected by the indoor unit. The high- pressure refrigerant gas
conpressed by the conpressor 1 is discharged together with the
refrigerating machine oil having a weight ratio of 2.0% w th respect to
the refrigerant, passes through the four-way valve 2, and enters the

I ndoor heat exchanger 3 which is a condenser. The refrigerating nachine
oil is conveyed by the refrigerant gas which has a

23 suffi g@g diaw raldhy p%rrid 2% adt) & f &iHd YIRigad AR 0l Ht%ch@.hE

di ssolves 1 n t e lrquefie i dui d rigerant 1n the” vicinrty of

outl et pordi1ofdilsiiveddam el 196IFIGRT 13quidhideF iR ragiriin I&aeportlon of
the refrigerating machine oil is transformed into oil droplets, so that

the refri gdiciinity ofdlien@utilet poran\odyahd drdodod hegaitd exchanglet 319
container 6 together with the refrigerant. In the main body 7 of the

i qui d acoedmilleatthey rematiaiimgy pohrdrion lof dhenrelfrdgexattdagnmachliaegeilt he
flow rate of the liquid refrigerant declines, and the refrigerating
nmachishe oills winans fioxmed timtof odh ciroplietsdr 6p| dhatf thet refpigegakinghe
container since its speC|f|c wei ght is smaller than that of the
refrlgeramﬁch%@ﬁb@ér i eonyered; ten the %HH@HdtﬁécpéﬂﬂﬁﬁéﬂatFﬁgtﬁﬁﬁﬁFne oi
floats wupward is the sane as the .direction_of the fl ow of Lrlgerant

as i ndi cattedOFF he, xgirigergnt -nodP ¥ eoWaEﬁebESth ﬂgr
FUATIERIIEY L TR TR IR AR O NI IE E B
refr|gera&|g% %%!“%1%% rate of the liquid refrigerant declines, and
10 the refrigerating machine oil which is in the form of oil
droplets floats upward in the container since its specific
weight is smaller than that of the refrigerant. However, the
direction in which the refrigerating machine oil floats
upward is the same as the direction of the flow of the
15 refrigerant as indicated by the arrows, and the main body 7
of the container is generally in a state of being filled with
the liquid except for a period immediately after starting
(for about 5 minutes), so that the refrigerating machine oil
is conveyed from the outlet pipe 9 to outside the container
20 without being detained in the container. Accordingly, the
refrigerating machine o0il is conveyed to the pressure
reducing device 5 without being detained in the main body 7
of the liquid accumulating container. Since part of the
liquid refrigerant is gasified by being subjected to pressure
25 reduction to a necessary pressure level by the pressure

reducing device 5, the amount of refrigerant which is present
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is conveyed fromthe outlet pipe 9 to outside the container w thout being
detained in the container. Accordingly, the refrigerating machine oil is
conveyed to the pressure reducing device 5 w thout being detained in the
main body 7 of the liquid accunul ati ng container. Since part of the

liquid refrigerant is gasified by being subjected to pressure reduction to
a necessary pressure level by the pressure reducing device 5, the anount
of refrigerant which is present 24

in liquid iRrIfﬁgéi& eﬂ%’ftggi? Sfedilddd | "o refdi AU ¥ I Ihg HdeiieEh

di ssolved 1nt gasl iquid refrigerant Is separated and forns oil

dropl ets. of\evghidwk! @BSsoEvéd eint hehe fddyi frd® Diqiite refrigfefanitl iigicreases
abruptly due to the gasification of part of the liquid refrigerant, and

the pipe geparaesddnd hforms dol desplevrshangsrerthdlieds | Siafte @rpor at or
In the next stage is set so as to secure a flow rate of the refrigerant
gas sufficthow tateomf eyhé heefrsferaret alnoxpassdiabruptlyddusstbedthe t he
refrigerating mnmachine oil is conveyed through the outdoor heat exchanger
and rBtur ngasbfitattompedpart 0f the liquild nefirigexandt, laewl ithe piipece t he
i ndoor heat_  exchanger is generally made smaller than the outdoor heat
exchanger ,dianeten ik Hhe rartdepy linat sxchangay | hiedh is) an he case of
cooling, so that the surplus refrigerant is |iable to occur

the ot her 9¥ARPTAWPR Ihheua®: &HfAIedlg Set so as to secure a flow

rate of the refrigerant gas sufficient to convey the
refrigerating machine o0il downstream, the refrigerating

10 machine oil is conveyed through the outdoor heat exchanger
and returns to the compressor 1.

In the case of heating, since the indoor heat
exchanger is generally made smaller than the outdoor heat
~exchanger, the amount of refrigerant can be smaller than in

15 the case of cooling, so that the surplus refrigerant is
liable to occur.

On the other hand, in a case where cooling is
effected by the indoor unit by allowing the refrigerant to
flow reversely by changing over the four-way valve, the roles

20 of condensation and evaporation by the indoor and outdoor
heat exchangers are changed over, and the refrigerant, in
which part of the refrigerant is gasified due to pressure
reduction by the pressure reducing device 5 and the liquid
and the gas are mixed, flows from the outlet pipe 9 into the

25 main body 7 of the container. However, since the refrigerant

flows from above to below through the container, the
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effected by the indoor unit by allowing the refrigerant to flow reversely
by changi ng over the four-way valve, the roles of condensation and
evaporation by the indoor and outdoor heat exchangers are changed over,
and the refrigerant, in which part of the refrigerant is gasified due to
pressure reduction by the pressure reducing device 5 and the liquid and
the gas are mxed, flows fromthe outlet pipe 9 into the main body 7 of

t he contai ner. However, since the refrigerant flows from above to bel ow

through t he-efiilgeirading RMAchine oil is' 8bhivegeal FREn R 1518k phﬁgcﬁ.”"eyec’

fromthe inlet pipe 8 to outside the contaifner wthout staying therein.

For this mneasutside the contadheeoRitRéutnsthiihngt kBckalihl. 0JeFapt this used
in a large anmount, although the liquid accurmulating container.ceases to

function agealsen,i ni thaccasel efi cgolingt &hnwhichhehe refeogaeadtf o it,
and the refrige[ating machi ne oil which is conveyed together with the
ref ri ger antaseds inoav dpadgenanpunt , balbhhodghathedliquiileaconmalaeing
Consequently, the refrigerating machine oil discharged from the conpressor
1 retdrns FONLAANEE FPaESS: to fnpabienpesngheddighiddadomimyatiagcycl e.
As descri bed gbove, sigce the surplus refrigerant can be accunul ated even
if the reqfPPE8LBREunth8re, if ngcheed forfikssandethe refrigevahing
direction, _it,is posiibbg o, operate the qg aratus effjciently
irrespectivgcgfé?h8l | BMAD 18 FRRYPRC BeoehHReXaRith| hhe refrigeramkrating
machine of kg wPhERyLLOWEESHE SLLRY ' ESe SONBY °58 OhnS PoREalSLyr ned rel i ably
Consequently, the refrigerating machine o0il discharged from
10 the compressor 1 returns to the compressor 1 without being
detained during the cycle.
As described above, since the surplus refrigerant can
be accumulated even if the required amount of refrigeraﬁt
‘differs due to the flowing direction, it is possiﬁle to
15 operate the apparatus efficiently irrespective of the flowing
direction. At the same time, the refrigerating machine oil
which flowed out from the compressor can be returned reliably
to the compressor, and proper lubricating and sealing
functions can be maintained for the compressing elements, so

20 that it is possible to obtain an apparatus in which the

reliability of the compressor is high.

Third Embodiment
Referring now to Fig. 4, a description will be given

of a third embodiment of the present invention. Fig. 4 shows

25 an example of the refrigerant circulating apparatus which is
i




to the conpressor, and proper lubricating and sealing functions can be

mai ntai ned for the conpressing elenents, so that it is possible to obtain
an apparatus in which the reliability of the conpressor is high. Third
Enbodi ment Referring nowto Fig. 4, a description wll be given of
a third enbodi mrent of the present invention. Fig. 4 shows an exanple of
the refrigerant circul ating apparatus which is

26 applied to an air conditioner. In Fig. 4, reference nuneral 1 denotes

[ he cOnpr eagl edf PR B3% eonAikibhled Ath §9%. 43 rbeLAlE Hiherdh Ve
havi ng the function of reversing the | owi ng |rect|on 0 rlgerant
4, the out dodendrals th¥c 5568 fé& codipResking 3 rbhélgaéaa%
exchanger; 17, an outdoor fan; 5a and 5b, the préssure reducing V|ces

and 6, thezl|qmedfaumuwayabaugecnabangethbotuaecuﬁulatlmeve&u&abU&he
refrigerant. Next, a description will be given of the behavior of
t he refrlgéﬂamunandlmbetnehrp@ethE|ugfwigbraat9|K the bugHoorpheasure
refrigerant gas conpressed by the conpressor 1 is discharged together with
t he r&f ri gexghangemicRbnecani indaornfana dei ghe dadooroheatoexchangee; 1. 0%
W th respect to the refrigerant, passes through the four-way valve 2, and
enters thé7 vné@oPuﬁéaPreiéﬁanééraBdmﬁpthths Rressusastedurhag devices;

refrlgeratlnﬂ bne il ,i.s conveyed, by the refrigerant gas _which has a
suf fici ent 2PFo liguidhaceumuigbing; Rgntainer for acCumulating

surplus refrigerant.
Next, a description will be given of the behavior of
10 the refrigerant and the refrigerating machine oil. The high-
pressure refrigerant gas compressed by the compressor 1 is
discharged together with the refrigerating machine oil having
a weight ratio of, for example, 1.0% with respect to the
_refrigérant, passes through the four-way valve 2, and enters
15 the indoor heat exchanger 3 which is a condenser. The
refrigerating machine oil is conveyed by the refrigerant gas
which has a sufficient flow rate, and the refrigerating
machine oil is completely dissolved in the liquefied liquid
refrigerant in the vicinity of the outlet port of the indoor
20 heat exchanger 3. Nevertheless, in the case of an
alkylbenzene-based o0il, the limit of solubility of the
refrigerating machine 0il in a refrigerant under the
conditions of condensing pressure and condensing temperature
is 1.5% or thereabouts. The refrigerating machine oil
25 together with the refrigerant passes through the pressure

reducing device 5b, and is conveyed to the liquid
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machine oil is conpletely dissolved in the liquefied liquid refrigerant in
the vicinity of the outlet port of the indoor heat exchanger 3.
Neverthel ess, in the case of an al kyl benzene-based oil, the limt of
solubility of the refrigerating machine oil in a refrigerant under the
condi tions of condensing pressure and condensing tenperature is 1.5% or

t hereabouts. The refrigerating machine oil together with the refrigerant
passes through the pressure reducing device 5b, and is conveyed to the

liquid  accumulating container 6. Decline37%naﬁﬁ8”2£&§§99 copgai ner 6.
Declines in the pressire and tenperature 1n the presSure reducCing device

5a are set tbfpetat@ee ifi ¥HeCPrébsukb-édarbing! H,Qbi&é)’?@&f%”é’ét begome | ess
than 1% thereby allowing the refrigerating machine oil to be conveyed to

out si de t heangesainewhfihi thdi EsRive6fi SolUBiliey’ 4685 ARGt HeEGHE NeLHM NQ
separated fromthe refrigerant inside the liquid accunul ating contai ner 6.
Accor di ngl $hanhd#%, r thergbyaalhgwinghthe péfrigeratinyafadcliidcopl 666 We
reduci ng device Sb w thout being detained in the Iiquid accunulating _
cont aPner €°N%eYed tpcopteidertheicombaimer asebsudbsselives nin dehe ce 5b is
reduced to a_necessary  pressure level, and the tenperature declines
abrupt |y, FREFigerant orithoubibeegming (separatedcfrom rghermxefrigerant n t he

liquid refrigerant, declines to 0.5% with the result that the
r e19ri geratt ér%cﬂi‘?lef%qml cFupalabing coptanen P i n A¢rordingiy, the

i i r ojl droplets.
refri geranlt:eﬁsigsee]pg{ﬁtlge dmgcr}g‘x];g onfl is compeyej to the pressure

reducing device 5b without being detained in the liquid

10 accumulating container 6. Since the pressure within the
pressure reducing device 5b is reduced to a necessary
pressure level, and the temperature declines abruptly, the
limit of solubility of the refrigerating machine oil in the
liquid refrigerant declines to 0.5%, with the result that the

15 refrigerating machine o0il which cannot be dissolved in the
liquid refrigerant is separated and forms oil droplets.
Further, in the outdoor heat exchanger 4, most of the
refrigerant is gasified, and the amount of refrigerant which
is present in liquid form declines, so that the refrigerating

20 machine oil which cannot be dissolved is separated. After
the refrigerant leaves the pressure reducing device, however,
since the flow rate of the refrigerant due to its
gasification assumes a level sufficient to convey the
separated refrigerating machine o0il downstream, the

25 refrigerating machine oil is conveyed to the compressor 1.

In addition, the same also applies to a case where the
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Further, in the outdoor heat exchanger 4, nost of the refrigerant is

gasi fied, and the anmount of refrigerant which is present in liquid form
declines, so that the refrigerating machine oil which cannot be dissol ved
Is separated. After the refrigerant |eaves the pressure reducing device,
however, since the flowrate of the refrigerant due to its gasification
assunes a level sufficient to convey the separated refrigerating machine
oil downstream the refrigerating machine oil is conveyed to the

COMpr essor elowihg AfFbétOOn iderSrdEsed 253% A | fSust Svdy Gvgéfvé"@.r et hlen

28 flowing direction is reversed by th our-way val ve _ _ _
general, if a liquis gaedidD, SBEtd AL P PILX dettiidrelid @ovilded rcui t,

and if a refrigerating nmachine oil is used which is difficult to dissolve
in a refrigerantefsidg@ramy df Dfewit oD 6 Usf Bigerateing geichimy owkchi ne
oil, alkylbenzene, a mneral oil, an ester oil, an ether oil, or the like

whi ch has hemssédbihicly s diEffiocwhk tswldisdolwe vin la refpayErdnt dsiimg
exanpl e, an HFC-based refrigerant, with its rate by weight of solubility
in thé |icuydrofinoxeearbonndeuch tde aorefnigerating amtdrigienpigkessure and
condensing _tenperature being 0.5 - 7 w% and its rate by wei ght of
sol ubi | i t yatkyibenzengi @ meinexal okluRicestRr Qi abRthar Gdap@at i ng
Wi ch i 5 niel PRS HREHET A7 R G L R Y e AN AT ¢
|t ihguir Sf ri greers?gralécg i{g' 'u i%oz: hea:}:/a{n? et ,heax{ im-%éjs%% ixneofx"siegcetii'a%q;’ . iwﬁ:u J‘Ethse
rate by weight of solubility in the liquid refrigerant under
10 the conditions of condensing pressure and condensing
temperature being 0.5 - 7 wt%, and its rate by weight of
solubility in the liquid refrigerant under the conditions of
evaporating pressure and evaporating temperature being 0 -
0.20 wt%, then the oil which is mixed with the refrigerant is
15 detained in'side the container in the refrigerant circuit
having the liquid pooling section, i.e., the liquid
accumulating container for accﬁmulating the surplus
refrigerant, where the moving velocity of the refrigerant
becomes slow.
20 The rate by weight of solubility of the oil in the
refrigerant, in the first place, changes depending on the
kinds of refrigerant and oil. For instance, in terms of the
rate of solubility of refrigerating machine oil alkylbenzene
(viscosity grade VG = 8 - 32), i.e., an HAB o0il, in the
25 liquid refrigerant R.407C, i.e., an HFC-based refrigerant, as
well as the relationship between the oil circulation rate and
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accurul ati ng contai ner for accumul ating the surplus refrigerant, where the
nmovi ng velocity of the refrigerant becones sl ow. The rate by

wei ght of solubility of the oil inthe refrigerant, in the first place,
changes depending on the kinds of refrigerant and oil. For instance, in
terns of the rate of solubility of refrigerating machine oil alkyl benzene
(viscosity grade VG =8 - 32), i.e., an HAB oil, in the |liquid refrigerant
R 407C, i.e., an HFC-based refrigerant, as well as the relationship

bet ween t [ ' [ n : ; :
hen® é%'g?f%g& bed\?%xﬁcf,r Ce’?he refr:_.%eratlng machzrne

29 the conpres requency, rigeratinhg nmachl ne ol é&%&bits a

rate of sobxRihity 2frded of BLubAity of eBNEC 4 . 0whe wikflirdspakki ger ant

in the range of the condensing tenperature, but exhibits a very snmall rate

of sol ubiltéytd 1{qvid Fefrigpant Nid eaRectande (IE thdllishdéidimperant in

the range of the evaporating tenperature. This rate of solubility changes
dependi ng m%émm@; it echiBiteird orsry remdll ersrd sofirgbMisibity @t s.

In general, the oil circulation rate, i.e., a wight ratio of the
refrigeratd ) -micBi wesowlithhrespecawsowthe dliquidefreifgdgertntr dm the
conpressor to the refrigerant, assunmes a value of 0.3 - 2.0 wmt % or
t her eaboutsangan b f crivs evaporattasy tempderature i scThifs ttate anfr essor
frequency. The refrigerating machine oil circulates in the
et i gor armolukihAty iqhangessiRReNGANG: QR iR FPRBANaRPRR [of various
refrigerants and varibus oils.
In general, the oil circulation rate, i.e., a weight
10 ratio of the refrigerating machine oil which flows with the
refrigerant from the compressor to the refrigerant, assumes a
value of 0.3 - 2.0 wt% or thereabouts,'and tends to increase
with the rise of the compressor frequency.
The refrigerating machine o0il circulates in the
15 refrigerant circuit in an amount which is shown by this oil
circulation rate, and is particularly liable to be detained
in the liquid accumulating container, and the refrigerating
machine oil dissolves in the liquid refrigerant inside the
container within the range of its rate of solubility at that
20 temperature. However, in a case where the o0il circulation
rate has become higher than the rate of solubility of the
refrigerating machine oil in the liquid refrigerant under the
operating conditions at the location where the refrigerant is
present, the amount of the refrigerating machine oil which is

25 circulated exceeds an allowable amount of dissolution in the

liquid refrigerant. Consequently, the refrigerating machine
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circulation rate, and is particularly liable to be detained in the liquid
accunul ating container, and the refrigerating machine oil dissolves in the
liquid refrigerant inside the container within the range of its rate of
solubility at that tenperature. However, in a case where the oi
circulation rate has becone higher than the rate of solubility of the
refrigerating machine oil in the liquid refrigerant under the operating
conditions at the location where the refrigerant is present, the anount of

the refri ting | 0} ' ' " ee I bl e
anount ofggégs% u??%ﬁpéﬂg?hgko igﬁ?di$%?$?g%%gﬁésgfgﬁgéq§§%??e€.%ﬁ%ﬁ

refrigeratspg8B6hi #€1 droplets or an oil layer in the liquid0 oOil is
separated fromthe liquid fefrigerant, assunes the state of oil droplets

or an oil Aéyefuifting tofvhinelscigudetaiifedothatherligeidetained in the
liquid accunulating container, and does not return to the conpressor. In

contrast, aécumalatiagptentabretpnpndadoes nbét téturhquodthefrigerant in
the container is detected by a therm stor, and the pressure reducing
devi c8 Sa ¢compreés$gr. beImgecomvrastp ibe foévséxampleecthentewperatere of
tenperature of the refrigerant has becone | ower than the tenperature
necessary the lihguidscefrigerant imcthe|contairepoisidetected Byl ve the
oil. It goes without saying that, instead of using

el ect ri cal FReHPLFERRd 29 FRE PrESFURR TPHLPLDG ASVHER 0P 2bF SeRPY he

P eSS e e ey | £ oenS SLEADES, TRY: DS, PLOWSSY wld b HULRS o P
the refrigerant has become lower than the temperature
10 necessary for the dissolution of the oil, it is possible to
dissolve the oil.

It goes without saying that, instead of using
electrically-operated expansion valves which are controllable
as the pressure reducing devices, settings may be provided

15 from the outset by using capillary tubes so as to suppress
the lower limit of the temperature and the lower limit of the
pressure within the liquid accumulating container to fixed
values under various operating conditions.

Although the foregoing description has been given by

20 citing the HFC-based refrigerant as an example, the present
invention is not limited to the same, and it is apparent that
similar advantages can be obtained if .a refrigerating machine
0il which is difficult to dissolve in the refrigerant is used
even if an HC-based refrigerant is used.

25 In a case where the operating frequency of the

compressor is low, the condensing temperature declines, and
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the lower Iimt of the tenperature and the lower Iimt of the pressure
within the Iiquid accurmul ati ng container to fixed values under various
operating conditions. Al t hough the foregoing description has been
given by citing the HFC- based refrigerant as an exanple, the present
invention is not limted to the sane, and it is apparent that simlar
advant ages can be obtained if a refrigerating nmachine oil which is
difficult to dissolve in the refrigerant is used even if an HC based

refrigerantpd sedise £ V?oﬂbni% &t WORe UM 19RE nildHi%e bfigu%cy of

the conpressor Is e condensi ng tenperature declines, an

31 the raine Oxf'eﬁgidﬁ&iﬂﬁ Va1 £t F Bt amRid RhdRabut @ in  the

refrigerant declines, but since the anbunt of refrigerating nachine oi
which is areffiRjaedt ind Mddifing QI HYh dlss didRMA/RRP falonl thesane tine,
so that all the refrigerating machine oil which is circulated can be

di ssol ved compiess soaf ralpso addcreadds: dtl phed sameurinet,| mp thaitt allethe.

As descri bed above, since the surplus refrigerant can be detained in the
liquisl r esrefmigerating mEdhisien pildiwhdeth diss cfimcudadiedhgaandeheati ng, the
operation can be effected efficiently, and the refrigerating nmachine oi
can be rdigselved imche mafnigerant Hautheeliguds: aceaqpulatimg |iquid
accunul ating container. Hence, it is possible to obtain an apparatus in
whi ch t he G%2N8T 18+ of t he

As described above, since the surplus refrigerant can

be detained in the liqguid reservoir in both flowing

10 directions for cooling and heating, the operation can be
effected efficiently, and the refrigerating machine oil can
be returned to the compressor without being detained in the
liguid accumulating container. Hence, it is possible to
obtain an apparatus in which the reliability of the

15 compressor is high.

The present invention in accordance with this
embodiment is particularly effective for a multi-type air
conditioner which has a plurality of indoor units and in
which the necessary amount of refrigefant varies

20 substantially depending on the number of the indoor units
operated under the respective operating conditions for

cooling and heating.

Fourth Embodiment
Referring now to Figs. 4, 5, and 6, a description

25 will be given of a fourth embodiment of the present
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conpressor is high. The present invention in accordance with this
enbodi nent is particularly effective for a multi-type air conditioner
which has a plurality of indoor units and in which the necessary anount of
refrigerant varies substantially depending on the nunber of the indoor
units operated under the respective operating conditions for cooling and
heat i ng. Fourt h Enbodi nment Referring nowto Figs. 4, 5 and 6, a
description wll be given of a fourth enbodi nent of the present

32 inventj ' 5 t i QU " latin
cont :ati Trller ,il n r\?\ﬁ‘%ﬁ anﬁﬁﬁ_ pi 6'§ %a;\gﬁﬁt&cﬁ}teldeft c%)qé:)ehl grue [ n!se?t ed in
a liquid ageanmbpde iy SORELAEF, fj[xﬂ%ﬁéiptéxpfﬁn?wé %ﬁ?é her g &ad are

open toward the upper portion of the container. In~addition, the inserted

length of dleletipei 12 drde aiitbditeduld & Wi dl Acdimafingnd t he

outside dianmeter of both pipes is 9.52 mm Next, a description
Wl be giosmtaindhef ey ibottdm surfdod e s, and ldre lopen dowalndg
machine oil. During the steady-state operation, the high-pressure

r ef ri ger antheasppeao rpostsisad dfy tthee comtyiossnr In addlitdloar,gadhet oget her with
the refrigerating machine oil having a weight ratio of, for exanple, 1.0%
with respeimsextedclength pf he igdede pipe digland Hae omtlety pipes/d22, and
enters the indoor heat exchanger 3
is 5 mm, and the outside diameter of both pipes is 9.52 mm.
Next, a description will be given of the behavior of
the refrigerant and the refrigeratiﬁg machine oil. During
10 the'steady-state operation, the high-pressure refrigerant gas
compressed by the compressor 1 is discharged together with
the refrigerating machine oil having a weight ratio of, for
example, 1.0% with respect to the refrigerant, passes through
the four-way valve 2, and enters the indoor heat exchanger 3
15 which is a condenser. The refrigerating machine oil is
conveyed by the refrigerant gas which has a sufficient flow
rate, and the refrigerating machine oil is completely
dissolved in the liquefied liquid refrigerant in the vicinity
of the outlet port of the indoor heat exchanger 3. 1In
20 contrast, during the starting of the compressor 1, there are
cases where 2% or more refrigerating machine oil is
temporarily discharged together with the refrigerant gas. 1In
this case, the refrigerating machine oil which was not
dissolved in the liquid refrigerant inside the indoor heat
25 exchanger 3 assumes the state of oil droplets and is conveyed
to the liquid accumulating container together with the liquid
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which is a condenser. The refrigerating machine oil is conveyed by the
refrigerant gas which has a sufficient flow rate, and the refrigerating
machine oil is conpletely dissolved in the liquefied liquid refrigerant in
the vicinity of the outlet port of the indoor heat exchanger 3. In
contrast, during the starting of the conpressor 1, there are cases where
2% or nore refrigerating machine oil is tenporarily discharged together
with the refrigerant gas. In this case, the refrigerating nachi ne oi

whi ch was i fhSsnl vedyd | 40 0k rd | NS | ndoor heat
exchanger gggzs.lsﬂérres thqu%‘gét‘é&gﬁ‘ %ﬁj %lrngﬁ ec%%%%u?iéi%gﬂ\%%e éto t he

| qui d accrdpt fldFife GRP iddfind et N ¢id Nrd £18i gdr¥i e under the

33 refrigerant” However, the limt of solubility of the refrigerating

nmachi ne oidonditithd &Gf icﬁﬁ{déﬂsiﬂ% réddure Qi tddriterts i NERRF Ll SSUT €
and condensing tenperature is 1.5%or thereabouts. Since the flow rate of

the |iqui dis refss gar atiesdaldutid owsSkinod cchdef owtrateroflCcHe dmigdial i nl et
pi pe 11 drops, the oil droplets which flowed into the container together
with $She |refrigemdnt yricoh flawed upweo dthe mahtainernl ®ifrimythe limlekhen,
when the operating state is stabilized, and the rate of discharge of the
refri ger atpipe Fadnaops oithelide dropkers; which fhowad tintg fhe of

solubility of the refrigerating machine oil in the refrigerant under the

condi t i onCHFEHINAR hagekhen arifd dhe diguid rafriganant fehoat gipward.oi | in
the ol el Sl il 14 " idealn & ' phs LAY 2N
stabilized, and the rate of discharge of the refrigerating
10 machine oil decreases to a level below the rate of solubility
of the refrigerating machine oil in the refrigerant under the
conditions of pressure and temperature within the container
10, the oil in the oil layer 14 is dissolved in a refrigerant
13 in the container, and the thickness of the oil layer 14
15 decreases gradually. The change in the thickness of the oil
layer 14 after the starting of the compressor is shown in
Fig. 6. At this juncture, a distribution occurs in the
dissolved concentration of the refrigerating machine oil in
the liquid refrigerant 10 inside the container 10, and the
20 closer to the o0il layer 14, the higher the concentration. In
contrast, since the inlet pipe 11 provided in the lower
portion of the container is open from below in the upward
direction toward the oil layer 14, the current of the
refrigerant which has flown in strikes the lower surface of
25 the oil layer 14, so that the oil layer 14 is agitated with

the refrigerant 13, and the refrigerant 13 is also agitated
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decreases gradually. The change in the thickness of the oil layer 14 after
the starting of the conpressor is showmn in Fig. 6. At this juncture, a
distribution occurs in the dissolved concentration of the refrigerating

machine oil in the liquid refrigerant 10 inside the container 10, and the
closer to the oil layer 14, the higher the concentration. In contrast,
since the inlet pipe 11 provided in the |ower portion of the container is
open frombelow in the upward direction toward the oil |ayer 14, the

current of atheher ghimegeimal Webghthas Eéagenhntﬁbfbbﬁéehbfakﬁﬁﬁroiuiﬁéce of
the oil layer 14, so that the oil layer 14 is agitated with the

refrigeranrefigerdtihg mathiger enl iR theake@ragekahedl3 which is at the
sanme tinme. For this reason, the concentration of the refrigerating machine

oi | in thecoestiggenanwitB thecbilslapent lgudeereatbsi handi theayer 14
decreases, and the dissolution of the refrigerating machine oil in the oi

| ayer 14 flisspdutéeni gér the refrigeratingdmadhinedi eidl ¥ndthel oit lapaveyed
to outside_the container together with the refrigerant fromthe outlet

pi pe Provi dddirnthaeredrigerantt13nisf premoted: ai Fhe dissolvedroiltbst he
conpr essor . It should be noted that even if an oil which is

heavi er thﬁﬂnYﬂxeﬁeF?iﬁgFéhaeiEh%s%%Pt?hﬂeEiFOEﬁﬁhﬁé withsbhged in the
refrigerang virtu above- descri bed st ure and the agitating

. f th t
operation,rﬁ£¥tﬂeF§n§f E%Tigggt?Pt}%% P%?%rHF%Ylégé B 1the 19ReE onpressor.

portion of the container, and returns to the compressor.
It should be noted that even if an o0il which is
10 heavier than the refrigerant is used, the oil can be
dissolved in the refrigerant by virtue of the above-described
structure and the agitating operation, which is effective to

the return of the 0il to the compressor.

Fifth Embodiment
15 Referring now to Fig. 7, a description will be given

of a fifth embodiment of the present invention. Fig. 7 is a
diagram illustrating a schematic structure of an embodiment
of the refrigerant circulating apparatus in accordance with
the present invention. In Fig. 7, reference numeral 1

20 denotes the compressor for compressing a refrigerant gas; 2,
the four-way valve having the function of reversing the
flowing direction of the refrigerant, the four-way valve
being set in the position for heating operaﬁion in the

illustrated case; 4, the outdoor heat exchanger for

25 condensing the high-pressure refrigerant gas discharged from
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Fi fth Enbodi nment Referring now to Fig. 7, a description will be
given of a fifth enbodi nent of the present invention. Fig. 7 is a diagram
illustrating a schematic structure of an enbodi ment of the refrigerant
circulating apparatus in accordance with the present invention. In Fig. 7,
reference nuneral 1 denotes the conpressor for conpressing a refrigerant
gas; 2, the four-way valve having the function of reversing the flow ng
direction of the refrigerant, the four-way valve being set in the position

for heatinghepeempr€ssor iheig) | thetindesr CEee; 3, the Drdserndept
exchanger for condensing the hlgh-pressure refrigerant gas discharged from
35 the coepchangeri; 115, thécoutdser fam; Sa ald Shfoche Rrdsswexehanger ;

17, the outdoor fan; 5a and 5b, the pressure reducing devices; 6, the

i qui d accrnedheinggdevites nef, ftke hibguid | adtéuwnubak g scortfaingr ofivy 18,

t he extension pipe connecting the indoor unit and the outdoor unit; 19, a
pressure decemﬁgtmmrgms aefanjgenant » IR cthe rextansion fmipalet ect i ng
the outlet tenperature of the indoor heat exchanger; 21, a tenperature

det ecfi ng peARSCEiRg dehecindepr tynit mrd thepaitdere Wiithd butdloor heat

exchanger; 22, a tenperature detecting neans for detecting the suction
t enper at urBreFSURR dtRFeiRG means; 20, A GANREEA YRR me%qu A9anRy

device for controlLl ng areas, of) SPeings, lrd'SPOULS Laflisl e devi ces 152

exchanger; 21, a temperature detecting means for detecting
the inlet temperature of the outdoor heat exchanger; 22, a

10 temperature detecting means for detecting the suction
temperatnre of the compressor; and 23, a calculating and
controlling device for controlling areas of openings of
pressure reducing devices 15a and 15b on the basis of the
data detected by the detecting means 19 to 22.

© 15 In the refrigerant circulating apparatus in

accordance with the present invention, it is assumed that the
areas of openings of the pressure reducing devices 15a and
15b are being controlled to certain areas, that the liquid
refrigerant is accumulated in the liguid accumulating

20 container 6, and that the level of the accumulated liquid is
maintained in a stable state. At this time, the refrigerant
pressure in the channels including the liquid accumulating
container between the pressure reducing devices 15a and 15b
is at a level between the condensing pressure and the

25 evaporating pressure, or at the so-called intermediate

pressure, and the liquid refrigerant which is accumulated in

- 35 - This Sheet Has Been Reﬂlaced

(L




data detected by the detecting nmeans 19 to 22. In the refrigerant
circulating apparatus in accordance with the present invention, it is
assunmed that the areas of openings of the pressure reducing devices 15a
and 15b are being controlled to certain areas, that the liquid
refrigerant is accunmulated in the liquid accunulating container 6, and
that the level of the accunulated liquid is mintained in a stable state.
At this tine, the refrigerant pressure in the channels including the

l'i quid acceypall pid %&@Sﬂ i PR a[eég&i'rg‘ggi GRS 15a
and 15b is at]?l:fatdl %\i/e et V\I/e%énlﬁe concf'é{r% %ﬁi’gure and t éeh3 evapor ati ng

pressure, or at thfmeidmid1ag, Y Gl o 'Riperibatiiy J¥ dHelui d

refrigerant which 1s accunmul ated in 36

the |iqui de@peigatit Ngulesd Ay thd Tdnpressirilad albtdmiihed from the
Incidentally, the degree of superheating of the refrigerant sucked into

t he conpr essspectsiviet temperst dresnddtectiess actthee dettgryiaig mesame 2t ed by
the detecting nmeans 22 for detecting the tenperature of the refrigerant
suckell i ntfor tdetecininesthe temperadwhst off ithe mehsigerdnyy siwtkad iinta he
inlet tenperature of the outdoor heat exchanger as the deviation between
t he t enperthereampressqr and dhepdetecting aaans Al fer dahacdiinghdgheevi ce
23. Incidentally, this deviation will be referred_to as the degree of
super heat | Hytet temperatyreg |of S outdaer heataychanges @388 ng at the

outl et of the indoor heat exchanger is deternined _as the
Jeviation between éﬁe t peratureslys calculated by the

calculating and controlling device 23. Incidentally, this
10 deviation will be referred to as the degree of superheating.

On the other hand, the degree of subcooling at the
outlet of the indoor heat exchanger is determined as the
calculating and controlling device 23 calculates the
difference between, on the one hand, the saturation

15 temperature of the refrigerant corresponding to the pressure
detected by the pressure detecting means 19 and, on the other
hand, the detection temperature detected by the detecting
means 20 for detecting the refrigerant temperature at the
outlet of the indoor heat exchanger. Incidentally, this

20 deviation will be referred to as the degree of subcooling.

It should be noted that the subcooling detecting
means for detecting a subcooling characteristic corresponding
to the degree of subcooling of the refrigerant at the outlet
of the indoor heat exchanger is constituted by a combination

25 of, on the one hand, the detecting means 20 for detecting the

refrigerant temperature at the outlet of the indoor heat
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cal culating and controlling device 23 calculates the difference between,
on the one hand, the saturation tenperature of the refrigerant
corresponding to the pressure detected by the pressure detecting neans 19
and, on the other hand, the detection tenperature detected by the
detecting mneans 20 for detecting the refrigerant tenperature at the
outlet of the indoor heat exchanger. Incidentally, this deviation wll be
referred to as the degree of subcooling. It should be noted that

t he subcoqly cig ﬁ&%§§ i Sebe [ mteristic
correspon%’%ﬂat fhéeﬁ‘ggg?ee 0 é%%%?f?%’o ‘fi’%e re%?#gné%%agt the outl et

of the I ndgbwilpato XEEBEEE{nd St NSdmpetSu Y #t CORD| deité¥ oPighedn the

one hand, the detecting neans 20 for detecting the refrigerant tenperature

at the outimdo®f héetieEidnde@tfor detecting the temperature in the 37
exchanger and, on the other hand, a detecting neans (not shown) for

det ecti ng ¢viminctparfitthe céntdie afnthee iriddde heatdcxchersgerx sitditderis or
detecting the tenperature in the vicinity of the center of the indoor heat
exchamiger ,eqwivhleént touihelsaturation tenperatwre tefthatnelrigenan:
refrigerant corresponding to the pressure detected by the pressure

det ect i ng eRERRSHINdinNg kg Lhe HEesgure dstegted hiptthe Preasunefri ger ant
tenmperature in the vicinitiéof the center of the indoor heat exchanger and

the refri fgt@rtingeans P ar Aermari@ln the dewiiiondeeamidf® nay
be set as Lhe ot ot lustBo00l N the vicin WIS A8V 0P LN
indoor heat exchanger and the refrigerant temperature at the
10 outlet of the indoor heat exchanger may be set as the degree
of subcooling.
| Meanwhile, the subcooling detecting means for
detecting a subcooling characteristic value corresponding to
.the degree of superheating of the sucked refrigerant of the
15 compressor refrigerant is constituted by a combination of a
detecting means (not shown) for detecfing the outlet
temperature of the outdoor heat exchanger for detecting the
refrigerant temperature at the outlet of the outdoor heat
exchanger and the detecting means 21 for detecting the inlet
20 temperature of the outdoor heat exchanger for detecting the
refrigerant temperature at the inlet of the outdoor heat
exchanger. Alternatively, the deviation between the outlet
and inlet temperatures of the outdoor heat exchanger may be
set as the degree of superheating.
25 Here, if the high-pressure side pressure-reducing

device 15a is throttled, the pressure is lowered at the
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detecting a subcooling characteristic value corresponding to the degree of
super heating of the sucked refrigerant of the conpressor refrigerant is
constituted by a conbination of a detecting neans (not shown) for
detecting the outlet tenperature of the outdoor heat exchanger for
detecting the refrigerant tenperature at the outlet of the outdoor heat
exchanger and the detecting neans 21 for detecting the inlet tenperature
of the outdoor heat exchanger for detecting the refrigerant tenperature at

the inlet ghtide OPILRE pRESSurS FaREtRg d&¥£Edaisa £l and Ik devi ation

bet ween the outlet and |nlet tenperatures of the outdoor heat exchanger

nmay be seteffigéfaficlisSunds StHE foPtiiguid two-phad®erstaté dde flows
hi gh- pressure side pressure-reducing device 15a is throttled, the pressure

i's | oweredintottiee liquid accumulating container 6. .AtBEhlsunimé of the
pressure reduci ng device 15a, and the refrigerant assunes the gas-liquid
t wo- phase simte thel Jasvsefrigerdame dndjuthe akioprid atefigi georant rmare 6. At
this time, since the gas refrigerant and the liquid refrigerant are,
respeét i vergspechivelyd separated pinto ;n tupperpprtiowand porkawar in t he
l'iquid accunul ati ng container 6 due to the action of gravity, if both the

inlet pi pep%’al?lhel%tﬁh%tlkﬁ‘b@ cymilating Foantaingntg mpe dn d-'r}%ﬁer 6 are
the 11 qui SETHUR e °&%F£g§goét£?& he & ”r'zf%taﬁﬁﬁéé”'é‘ré e i SR
15b. In adgfttl:lgg lit.qhuelcpaascl:éﬁxgu a{teir{gl atau{ee:.g ' Gre disposed in the

lower portion of the liquid accumulating container, only the

10 liquid refrigerant is always sent to the pressure reducing
device 15b. In addition, the gasified refrigerant reduces
the liquid refrigerant inside the ligquid accumulating
container 6 due to the gas-liquid two-phase conversion of the
refrigerant, thereby lowering the liquid level.

15 Then, since the liquid refrigerant which is released
from the liquid accumulating container 6 during the
refrigeration cycle is detained at the outlet of the indoor
heat exchanger 3, the degree of superheating becomes large
during the refrigeration cycle.

20 For this reason, the temperature of the refrigerant
in the liquid accumulating container 6 is lowered, and the
rate of solubility of the refrigerating machine oil in the
refrigerant declines. On the other hand, if the high-
pressure side pressure reducing device 15a is opened to the

25 contrary, a change which is opposite to the case of
throttling takes place, and the liquid level rises, thle the
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the liquid refrigerant inside the liquid accunulating container 6 due to
the gas-liquid two-phase conversion of the refrigerant, thereby | owering
the liquid |level. Then, since the liquid refrigerant which is
released fromthe liquid accunul ating container 6 during the

refrigeration cycle is detained at the outlet of the indoor heat exchanger
3, the degree of superheating becones large during the refrigeration

cycl e. For this reason, the tenperature of the refrigerant in the

liquid accyg é&hﬂﬁréoakaizﬂérr§f£§%%£&ﬁfe§n &R 1PGuidabecbusthy! ity of

the refrigerating machine oil int refrigerant declines. On the” ot her

hand, if tBenBhiher Bre$885¢ &hdetRéepaté cof esbThbilLileyi 62 #ha 1S opened to
the contrary, a change which is opposite to the case of throttling takes

pl ace, andrefieigegatiingemathinéesilwhnl €héheefrigerant increases.

39 tenperature of the refrigerant in the liquid accunulating container 6
ri ses, andThhs,r atesuofficesbifi theocdrehcof rthe i gpeminqgoimecie neigh+ in the
refrigerant increases. Thus, it suffices if the area of the opening in the
hi gh- 5 pr epsessusedeidel valvevierice iscincreased okclecxeased in
correspondence wth targeted val ues which are set in accordance with the
oper ati ng €exEespendenget With targeted gvalees rvhighiare set im
correspondence with targeted settings of the degree, of subcoolhgg_mhich

are set so2GEordanfe Withetheppey 3 cpndiflon rand itche i Yherounding

dermonst rat g {ubl¥enk ! 2980 I80CE ML ot RGeS 900n AL SIBE S A Fugd the

of the degree of subcooling which are set so as to allow the
10 performance of the air conditioner to be demonstrated fully
in accordance with the outdoor air temperature and the set
indoor temperature.
Thus, by controlling the high-pressure side pressure
reducing device 15a in the above-described manner, it is
15 possible to control the degree of subcooling and the
temperature of the refrigerant in the liquid accumulating

container.

Sixth Embodiment
Meanwhile, if the low-pressure side pressure reducing
20 device 15b is opened, the pressure drops at the outlet of the
high-pressure side pressure reducing device 15a, and the
refrigerant assumes the gas-liquid two-phase state and flows
into the liquid accumulating container 6. At this time,

since the gas refrigerant and the liquid refrigerant are,

25 respectively, separated into an upper portion and a lower
B [T




I ndoor tenperature. Thus, by controlling the high-pressure side
pressure reducing device 15a in the above-described manner, it is

possi ble to control the degree of subcooling and the tenperature of the
refrigerant in the liquid accunul ating container. Si xt h Enbodi ment
Meanwhile, if the | ow pressure side pressure reducing device 15b is
opened, the pressure drops at the outlet of the high-pressure side
pressure reduci ng device 15a, and the refrigerant assunes the gas-liquid

two- phase pbateoAntn | tRUS1idwid é%ﬁ%\%dﬂ?gg&ﬁﬁlﬁ@qélﬂdég& Cod AL JeLpg- Al

this time, since the gas réfrigerant rigerant are,

respect i vehytiSRPOf agLavi 2 BOPEtROT {h Pdt & AL tlet pi
40 portion in the ??quidaggcunulating contain§? due to ?r@? a%ti%ﬁp%ﬁ

gravity, iéfbthé lbguidlstcypipbating identuined @i dee Pispded i tithe
accunul ati ng container 6 are disposed in the [|ower portion of the liquid
accunul at i hewevnpedrion afil the heiquid)actumiYagind rdontsa iewy oBptthe® t he
pressure reducing device 15b. In addition, the gasified refrigerant
reducds théawuidurefrigerant sin dlwiye sent |tauikk qumesadrs ireduciong ai ner 6
due to the gas-1iquid two-phase conversion of the refrigerant, thereby
| oweri ng t#Vi¢uiP4 Vi) addition, thegassfied tefrigerantt cedudds
refrigerant, i cre%fes t. the out] et of the | ow pressure side pressure
the liquid refrigerant inside the liquid accumulating
container 6 due to the gas-liquid two-phase conversion of the
refrigerant, thereby lowering the liquid level.
10 Then, since the flow rate of the refrigerant
increases at the outlet of the low-pressure side pressure
reducing device 15b, the degree of superheating in compressor
suction declines.
If the low-pressure side pressure reducing device 15b
15 is throttled to the contrary, the degree of superheating in
compressor suction increases. Thus, it suffices if the area
of the opening in the low-pressure side valve device is
increased or decreased in correspondence with targeted values
which are set in accordance with the operating condition and
20 the surrounding environment, i.e., in correspondence with
targeted settings of the degree of superheating which are set
80 as to allow the performance of the air conditioner to be
demonstrated fully in accordance with the outdoor air
temperature and the set indoor temperature.
25 Thus, by controlling the low-pressure side pressure

reducing device 15b in the above-described manner so as to
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reduci ng device 15b, the degree of superheating in conpressor suction

decl i nes. If the | ow pressure side pressure reducing device 15b

is throttled to the contrary, the degree of superheating in conpressor
suction increases. Thus, it suffices if the area of the opening in the

| ow- pressure side valve device is increased or decreased in correspondence
with targeted values which are set in accordance with the operating
condition and the surrounding environnent, i.e., in correspondence with

targeted e e Wiyl RlpSHREURR] | 1) bl Wiotith,2s 1o

all ow the pertormance of" the air nditioner to be denonstrated fully in

accordance vd fh dHee &#}dm fdct iP AR ta Sptidmin &ad8le,| 140GTs
_ us

t enper at ur e. by controlling the | ow pressure side pressure

reduci ng gEsiblbhd Furtheih @ipairs Alid efraildlile Prexsure and
41 control the degree of superheating i-n conpressor suction, i.e., the

dryness f rasiperature archedebypimalkdilng it tpossihies Sid makieo ther talpparatmsnd
the avail abl e pressure and tenperature, thereby making it possible to make
t he appar @&fifficisft andhmadmtaim @micpexratupy aond) tdond whiieh wieguliresqui r es
| ess energy. Sevent h Enbodi nent Further, by controlling the
hi gh- pr esshess €Sn@Xgypressure reduci ng devi ce 15a and the | ow pressure side
pressure reduci ng device 15b in an interlocking manner, the

Seventh Embodiment

Further, by controlling the high-pressure side
pressure reducing device 15a and the low-pressure side
10 pressure reducing device 15b in an interlocking manner, the

degree of subcooling and the degree of superheating can be

controlled to predetermined wvalues, thereby making it

possible to maintain an operating state in which input energy

is small. This can be operation with minimum energy under

15 the given conditions.

Eighth Embodj !
Referring now to Figs. 5 and 7, a description will be
given of another embodiment of the present invention.
Electrically-operated expansion valves which are controlled
20 by a microcomputer are used as the pressure reducing devices
15a and 15b, as shown in Fig. 7. Then, control is provided
such that the relationship between the pressure and
~temperature within the liquid accumulating container assumes

a saturated state. In this state, if control is provided
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degree of subcooling and the degree of superheating can be controlled to
predeterm ned val ues, thereby making it possible to maintain an operating
state in which input energy is small. This can be operation with mninmm
energy under the given conditions. Ei ght h Enbodi nent Ref erring
now to Figs. 5 and 7, a description will be given of another enbodi nent of
the present invention. Electrically-operated expansion valves which are
controlled by a mcroconputer are used as the pressure reducing devices

15a and 15BycAStRBBhéNaFbd: of -tﬂ-getgpeﬁﬂﬁérﬂh tRe PIRYEELH] d& UexpdA¥ion he
rel ati onshi p between the pressure an tenperature within the liquid

accumul at i 3g19¢@n18aNBéceRes BRall, Sahdr chédaféat 6f the (openbi@iin tHe
control is provided such that the area of the opening in the

i nl et - si deoekpebssibde @gparsidon velveri5brnbétomasdlabge arele aftate afpeni ng
in the outlet-side expansion valve 15b becones |arge, the state of the

ref ri ger anthparefnjgehantighasshing mtheropghetie thbeh pipe Fl L. showhaimges from
that of the saturated liquid to the gas- |iquid tw-phase state.
Conse§uent Fi9. biibghanges cfxemdthat of rthe tseturated pliguid terkhe lgasubbl es

t hus produced agitate the refrigerant 13 while risiqgﬁ%hrough t he
refri gerantigqeid; feedehase $Eates ndSonssAueREhy « Neybhag pxh PxrRduged er 14,

ey 201 oheng Lad &Y b ELS 407, FELIBASEEN éia provuceadoilich
the refrigerant 13 while rising through the refrigerant 13
inside the container, and when they reach the oil layer 14,
10 they agitate the oil layer 14 and the refrigerant 13.

If this state is continued, the amount of refrigerant
accumulated in the container decréases, so that after the
lapse of a certain time duration the areas of openings in the
expansion valves 15a and 15b are controlled such that the

15 .state of the refrigerant in the inlet pipe 11 becomes that of
a subcooled liquid.

Thus, as the bubbles are produced in the container,
and the refrigerant 13 and the oil layer 14 are agitated by
the bubbles, the dissolution of the detained refrigerating

20 machine oil in the refrigerant is promoted. Although a
description has been given of the case in which agitation is
effected by producing bubbles, agitation may be effected by a
change in the flow rate accompanying a pressure change. This
control may be provided appropriately, for example, for each

25 fixed time or each compressor operating time during the
operation, or the fact that the oil has been accumulated in
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accunul ated in the contai ner decreases, so that after the |apse of a
certain time duration the areas of openings in the expansion valves 15a

and 15b are controlled such that the state of the refrigerant in the inlet
pi pe 11 beconmes that of a subcooled |iquid. Thus, as the bubbl es
are produced in the container, and the refrigerant 13 and the oil |ayer 14

are agitated by the bubbles, the dissolution of the detained refrigerating
machine oil in the refrigerant is pronoted. AIthough a description has

been givencpd tbRLLHSsr! ,ﬁh%\/]g% ecté%‘{) d CH}( | fotdit f

bubbl es, agitation may be
aCCOHpanylﬂ§M§e§ﬁ§ﬁ§éN6¥(%ﬁgmﬁbnﬁglﬂérContr0| may be provided

Jifteris

change i n he fIOM/rate

appropriately, for exanple, for each fixed time or each conpressor
operating tinme durithgsididd cm;arnﬁﬁearl,tmft t las faacthdnii@t whiiehoiils has been
accurmul ated in 43 the contai ner may
be det ect ebtimpgrted eid | tie tdefrisjeghantl Saa demeptiore hafs teenc gitvemert

It should be noted that, as a change which is inparted to the refrigerant,
a desBri pttha ¢ase biberwhiclkerthef chdmgedse impanttiesh hyhdhehprgssure npart ed
by the pressure reducing devices, but the state of the refrigerant nay be
changed byredusing dexinass, hnkﬂthﬁsﬂﬂﬂ§QnQ£|ﬁhQMﬂQﬁ¥#§enﬂmﬁng@WV@ﬁ
is provided in an outlet portion of the _inlet pipe, and essure changes
usi ng an d¥hanged he variug athqdfyasush as the one in w ich a

changeover circuit is provided in an outlet portion of the

inlet pipe, and pressure changes using an orifice are

10 repeatedly imparted.

Nint odimen

circuit

Referring now to Figs. 5 and 7, a description will be

given of another embodiment of the present invention.

Electrically-operated expansion valves which are controlled

15 by a microcomputer are used as the pressure reducing devices

15a and 15b, as shown in Fig. 7. Then, control is provided

such that the relationship between the pressure and

temperature within the liquid accumulating container assumes

a saturated state. In this state, if control is provided

20 such that the area of the opening in the inlet-side expansion

valve 15a becomes small, and the area of the opening in the

outlet-side expansion valve 15b becomes large, the state of

the refrigerant passing through the inlet pipe 11 shown in

Fig. 5 changes from that of the saturated liquid to the gas-

25 liquid two-phase state. In this state, the refrigerant 13 in
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Ni nt h Enbodi nment Referring nowto Figs. 5 and 7, a description
wll be given of another enbodi nent of the present invention.

El ectrical |l y-operated expansi on val ves which are controlled by a

m croconputer are used as the pressure reducing devices 15a and 15b, as
shown in Fig. 7. Then, control is provided such that the relationship
between the pressure and tenperature within the liquid accumul ating

contai ner assunes a saturated state. In this state, if control is provided

such that the ebfea®hethgraasaily d8ctdeséd)| chndi #RiSXRRRELOYs val ve 15a
beconmes small, and the area of the opening I1n the outlet-side expansion

val ve 15b bentimsedauneiltbRestefrigérantiel1Beisi geprote@assi ng through the
inlet pipe 11 showmn in Fig. 5 changes fromthat of the saturated liquid to
the gas- $Subseduenblyhathesezpansiontvabves cdre tortrollédesech tRatn

44 the container gradually decreases, and this state is continued until

t he refrigehanstateief debé crefirigacimseqgirenthe , inhet epppasi brbewdmes ar e
controlled such that the state of the refrigerant in the inlet pipe 11
becongs tHBAt ALt Hee sswbeerled | lignid wp as tko accumulbate tthe refri ger ant
again. As the liquid level] of the refrigerant 13 disappears, the oil |ayer
14 i s conVETEHLITEARY RIBIR etADithe Lbauid clavelof Hehe rrinigeramntckd

Cont ai ner S ABHEAES | 0 ot ok TE RGN ORPY O FoHe TS kR
12 to outside the container. Then, when the refrigerating
machine oil has been conveyed to outside the container,

10 control is provided for accumulating the refrigerant inside
the container. If this control is effected once at the time
when the thickness of the oil layer is under the condition of
being large inside the container after the starting of the
compressor, it is possible to convey to outside the container

15 the refrigerating machine oil which is detained inside the
container, and to return the same to the compressor.
Incidentally, the presence or absence of the liquid level can
be detected by detecting the heightwise temperature of the
container.

20 As described above, it becomes possible to realize a
circuit and a controlling method which will not detain the
oil in the container even if an oil which is difficult to
dissolve in a refrigerant is used, and if a liquid
accumulating container, such as a receiver, an accumulator,

25 or a header, is provided in the refrigerant circuit.

Consequently, it is possible to return the refrigerating
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the container. If this control is effected once at the tine when the

t hi ckness of the oil layer is under the condition of being |large inside
the container after the starting of the conpressor, it is possible to
convey to outside the container the refrigerating machine oil which is
detained inside the container, and to return the same to the conpressor.
Incidentally, the presence or absence of the liquid |level can be detected
by detecting the heightw se tenperature of the container. As
descri bed ma¢ivEne | 6iDeroIREbDPSEo bliee [Conipes or avithowtlidettdlthing a
controlling nethod which will not detain the oil in the container even if
an oil whirsrgs amdintudbf ¢Dl Dh stdod VEiquid acdumgbating icontseihermnd if a
liquid accurulating container, such as a receiver, an accunulator, or a
header, i spyopes dubricating eind gealing i fundtionCoar e mdintdingd
possible to return the refrigerating :

45 machi nko®ni the cinteriox cptg Hehe sraRpResTony tashtitcksipnsrilde It@ ge
amount of oil, in the |iqujid accumul ati ng cont aj ner, jproper | ubrjcating and

seal i g f iy mainaini the RReformange Suikahiefer the cnditdatyr
dit i ible t | i abl i ntgi.n th f i.table.f th
condi ti on SbitHRL9aR % ACKIIARALARS S SURIHG STIGGAN AN e
fri { Ll 1t.. Furth t I fri t b |, at ed
n Corr oA (e ARt oy tlid s, TR washant 4R o
appar at us’a@élgndfat?é& Oﬁ%%ﬁén%én%e with the flowing direction of

the refrigerant in the apparatus, and it becomes possible to

10 make full use of the capabilities of the apparatus and
operate the apparatus flexibly. In addition, it becomes
possible to prevent excess refrigerant from flowing to the
compressor, thereby making it possible to improve the
reliability of the compressor.

15 In addition, in accordance with the present
invention, the liquid refrigerant can be accumulated in the
liquid reservoir without accumulating the oil, or the liquid
refrigerant can be emptied of the liquid reservoir, and an
optimum operating state can be set during starting or in

20 correspondence with the condition of the load while
maintaining the reliability of the compressor. Eurther, evén
if the o0il is temporarily detained in the liquid accumulating
container, it is possible to either return the oil rapidly to
the compressor or reduce the amount of o0il detained by

25 causing the o0il to be gradually dissolved in the refrigerant
without exerting an effect on the operating performance. It
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make full use of the capabilities of the apparatus and operate the
apparatus flexibly. In addition, it becones possible to prevent excess
refrigerant fromflowing to the conpressor, thereby naking it possible to

i nprove the reliability of the conpressor. In addition, in
accordance with the present invention, the liquid refrigerant can be
accunul ated in the 1liquid reservoir wthout accunulating the oil, or the

liquid refrigerant can be enptied of the liquid reservoir, and an optinum

operating 4 az%é‘s%lé’et& réhtd k1d afid it uiiidn) ofC YHELPIANANGhaM th the
condition of the load while maintaining the reliability of the conpressor.

Further, evefrigdéridme 1y lagttdteimpritid Ineficigumart iindie lUn@icdntainer
accurmul ating container, it is possible to either return the oil rapidly to
t he conpr asparaliing atke eclidevelionitty Gif diHe deifrigedant whdich fjowse oil to
be gradually dissolved in the refrigerant wthout exerting an effect on

t he oper atimtp pehd croricinen  and it is possible to reliably effect the is
possible to pronote the dissolution of the oil in the refrigerant by

agi t a¥i ng ednvexgsidnahimil withouthdmpadciing theprefdiabid ivye afh&heel ocity
of the refrigerant which flows into the container, and it is possible to
reliably AIRRESI{RE - conversion of oil without inpairing the reliability of

Struct ure for faciit g B ARHGh Y ity POREPIGURD. 3906l ating
contai ner g{}é%{E¥QW¥%fﬂggé¥¥¥%§¥¥ﬂaaagitation by forming the liquid
accumulating container in a narrow and deep shape.
10 Further, in a case where the flow rate of the
refrigerant flowing into the container is slow and the
agitation effect is small, the dissolution of the oil in the
refrigerant can be promoted by changing the state of the

refrigerant inside the container.

15 19th Embodiment
Referring now to Figs. 8, 9, and 10, a description
will be given of a 10th embodiment of the present invention.
Fig. 8 shows a configuration of a refrigerant circuit
for circulating the refrigerant in the refrigerating and air-
20 conditioning apparatus, wherein reference numeral 1 denotes
the compressor; 52, a condenser; 54, a receiver (liquid
accumulating container) for accumulating the surplus
refrigerant; 55, an evaporator; 32, an opening/closing valve

which is a pressure reducing device for reducing the pressure

25 of the refrigerant on the high-pressure side; 100, a
o T




Further, in a case where the flowrate of the refrigerant flowng into the
container is slow and the agitation effect is small, the dissolution of
the oil in the refrigerant can be pronoted by changing the state of the
refrigerant inside the container. 10t h Enbodi nment Referring now
to Figs. 8 9, and 10, a description wll be given of a 10th enbodi nent of
the present invention. Fig. 8 shows a configuration of a
refrigerant circuit for circulating the refrigerant in the refrigerating

and air- chedmtisaorngoapetattiing\VBhéctemperatapecofUgREAintegenpt 68 the
conpressor; 52, a condenser; 54, a receiver (liquid accunulating
container)therrecemvataﬂlmg ahsasurpted statejgeoapta RGffaerewRpPORALST;

32, an opening/closing valve which is a pressure reducing device for
reduci ng t Beppr&solfir theotompressbri jefant debayinghthé- prlewsafethéde; 100, a

47 therm stor for detecting the tenperature of the interior of the
recei ver 4rpfirigerantatandsife; alfan fomthe ccongiénders a part of the

conpressor 1 for delgglng the flow of the refrigerant; and 102, a fan for
t he céndenser-. igy 8 tF Eﬁe|¥ef¥k9¢¥§¢¢gﬁ#%ﬁﬂl%lk%Lﬁquénfanremq air

condi ti oner afghomn in reference nuperal 121 denotes

an out door “GRF-WATRH ?ﬂc%ﬂ%%?af%sF%ﬁ %?nL?H%lgh ¢ ESterence mumerak
the condenggy. d&*gféé'gﬁjoﬁggggpqﬁﬁft which incorporates therein the

heat exchanger 52, i.e., the condenser, electrical components
125, the compressor 1, and the receiver 54; 122, an indoor
10 unit having the heat exchanger 55, i.e., the evaporator,
electrical components 126, and a blow port 123; and 124, an
extension pipe for circulating the refrigerant between the
outdoor unit 121 and the indoor unit 12.
' Pig. 9(a) corresponds to a normal room air
15 conditioner in which one indoor unit 122 is provided for one
outdoor unit 121, while Fig. 9{b) shows an example of the
multi-type air conditioner in which a plurality of indoor
units are provided for one outdoor unit 121.
The refrigerant which is compressed by the compressor
20 ° 1 is condensed by the condenser 52, is subjected to pressure
reduction by the expansion opening/closing valve 32, is
evaporated by the evaporator 55, and is returned to the
compressor 1.
The refrigerating machine oil as lubricating-oil for
25 the sliding portions of the compressor is stored in the

compressor 1. Although a very small amount of refrigerating
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125, the conpressor 1, and the receiver 54; 122, an indoor unit having the

heat exchanger 55, i.e., the evaporator, electrical conponents 126, and a
bl ow port 123; and 124, an extension pipe for circulating the refrigerant
bet ween the outdoor unit 121 and the indoor unit 12. Fig. 9(a)

corresponds to a normal roomair conditioner in which one indoor unit 122
I's provided for one outdoor unit 121, while Fig. 9(b) shows an exanpl e of
the multi-type air conditioner in which a plurality of indoor wunits are

provi ded frdcloite BEX N owdidutl From the com s It i trafy iderdnt
conpressed by the conpressor 1 is condensed by the condenser 52, is

subj ect ed ¢ixrquitss woyethstiGdiitdn tthe treef igearwiton b enirefrigatatgingl ve 32,
is evaporated by the evaporator 55, and is returned to the conpressor 1.
The refri geaching aidchishnaissid wisidhuledaxaelyy didsdlores time & |nelimigeuarntt ons
of the conpressor is stored in the conpressor 1. Although a very snall
amount of ussing durdndfiigorocarbon, sughiaske inefrigeraning maghine oil,
conpressor to the refrigerant circuit together with the refrigerant, if a

refrigyer adbiylhamaane & minetade @idhi an Kehsfe(Qily Apikhes O, ox
o 0o e 00 A ot R0 U & et e AT B
o based TRABIC R OB AFARELS, MR RASS ST« R R 1§ u d
refri gerar}_];aéénciﬁ?r weight of solubility in the liqguid refrigerant under
the conditions of condensing pressure and condensing
10 temperature being 0.5 - 7 wt%, and its rate by weight of
solubility in the liquid refrigerant under the conditions of
evaporating pressure and evaporating temperature being 0 -
0.20 wt$%, then the refrigerating machine o0il which is mixed
with the refrigerant is detained inside the receiver in the
15 refrigerant circuit having the liquid pooling seétion, i.e.,
the receiver.for accumulating the surplus refrigerant, where
the moving velocity of the refrigerant becomes slow.
The rate by weight of solubility of the refrigerating
machine oil in the above-described refrigerant changes
20 depending on the kinds of refrigerant and refrigerating
machine oil. The aforementioned rates by weight of
solubility are obtained through various combinations with
respect to the various kinds of refrigerating machine oil
enumerated above. -
25 Fig. 10 shows the rate of solubility of refrigerating
machine oil alkylbenzene (viscosity grade VG = 8 - 32) in the
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the conditions of condensing pressure and condensing tenperature being 0.5
- 7 W% and its rate by weight of solubility in the liquid refrigerant
under the conditions of evaporating pressure and evaporating tenperature
being 0 - 0.20 wt% then the refrigerating machine oil which is m xed

with the refrigerant is detained inside the receiver in the refrigerant
circuit having the liquid pooling section, i.e., the receiver for

accunul ating the surplus refrigerant, where the noving velocity of the

ol dor oM ibasg Eae Al Ukant R 407 [N IEh Vol uiindled e Gl 10

refrigeratin I 'ne” ol bov refrlgera nges
dependi ng g Eﬂfs kérﬁlgédﬂﬁeﬁ'@f réﬁ%ﬁi é’é‘dtﬁe?fféﬂ@ﬁféﬂ% B dien O&ﬂe The

af orenenti oned rates by melght of solubility are obtalned t hrough vari ous
conbi nat i 0851 Weitcul£6D6Etrde tded VElié dtGmpitesisof f Fedueey At I XY dmsd ne

oil enunerated above. Fig. 10 shows the rate of solubility of
refrigeratimgfiguacho (&) pi thel kefibyeaeity imarisiny gibhdexhdbits a e i n
t he 49 liquid refrigerant R 407C,

whi chsi s aof HiGlwakkiky edf | had antd . 0i wtihivitdniredpeett toatheellliqaidt he
rel ati onship between the oil circulation rate and the conpressor
frequency.re¢frigepant i in Rithe déxdensing teniperptnate nange ofhet29C exhi bits
arate of solubility of 1.0 - 4.0 w%w th respect to the liquid
refrigeramt791Ci Haut exhikity a orgey Snalkl eakge of salodilityraiferd|2C- but
exhibits a very small rate of solubility of 0.2 -
1.8 wt% with respect to the liquid refrigerant in the

evaporating temperature range of -20°C - +15°C. 1In addition,

10 the lower the viscosity of the refrigerating machine oil, the
greater the rate of solubility in the liquid refrigerant. As
shown in Fig. 10(b), the o0il circulation rate, i.e., a weight
ratio of the refrigerating machine oil which flows with the
.refrigerant from the compressor to the refrigerant, generally

15 assumes a value of 0.3 - 2.0 wt% or thereabouts, and tends to
increase with the rise of the compressor frequency.

Thus, the refrigerating machine oil circulates in the
refrigerant circuit in an amount which is shown by the oil
circulation rate, and the refrigerating machine oil dissolves

20 in the liquid refrigerant inside the receiver 54 within the
range of its rate of solubility at that temperature.

However, in a case where the oil circulation rate has become
higher than the rate of solubility of the refrigerating
machine o0il in the liquid refrigerant under certain operating

25 conditions, the amount of the refrigerating machine oil which

is circulated exceeds an allowable amount of dissolution in
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1.8 % wth respect to the liquid refrigerant in the evaporating
tenperature range of -20[err]C - +15[err]C In addition, the |ower the
viscosity of the refrigerating machine oil, the greater the rate of
solubility in the liquid refrigerant. As shown in Fig. 10(b), the oi
circulation rate, i.e., a weight ratio of the refrigerating nmachine oi
which flows with the refrigerant fromthe conpressor to the refrigerant,
generally assunmes a value of 0.3 - 2.0 wt% or thereabouts, and tends to

i ncrease %@%ﬁ)@ Q?#;%
refrlgera¥$%£ : f%gﬁ%ﬂf %é%%ﬁ?ates In Jﬂ re rlgerant C|rcu nﬂi

armount  whi €ie !ﬁeﬁhﬂg‘&é%.ﬂ qné&}imélaﬁﬂiaé | Supdrited ¥Ybn thd Aligudl at i ng
machi ne oil dissol ves he liquid refrigerant inside the receliver 54

wi thin t herefrigerait tamd asswiles Adndidtdte I (diA dropletst wrean dddever,

in a case where the oil circulation rate has beconme higher than the rate

of sol ubi [1lagew! tThen efsimes athen(flowmatdtee off Ithen dedfxrilgeant risf ri ger ant

under certain operating conditions, the anount of the refrigerating

rrachi fie oiappeeciably loweniat dthee ymeredsrean thdrmovabltheapipet, &hedi ssol ution
the liquid refrigerant inside the receiver 54. Consequently,

t he ref ri eefRigRFating Raching oideds det@imesinimha Lagged amoanti ger ant

and assunes_, the state of oil droplets or an oil _ | ayer. Then, since the

f1 ow rat e GFEhIF Raing sonmered., and sqanqs, Yohe rﬁ?“trﬁ‘@dr &9eth€r than in
t he pi pe, the refrlgeratln machi ne 0|I I s detained in a |ar am unt
Wi thout hETP AeGRrainalyy (5 RecomEs, REFass e to allow

refrlgeratlng machine oil to dissolve in the liquid

10 refrigerant so as to reliably return the refrigerating
machine oil in the receiver.

For example, the temperature of the liquid
refrigerant inside the receiver 54 in the circuit such as the
one shown in Fig. 8 is detected by the thermistor 100, and if

15 the temperature of the liquid refrigerant has become lower
than the temperature necessary for dissolution of thé
refrigerating machine oil, the solenoid expansion valve 32 is
operated in the closing direction, or the number of
revolutions of the fan 102 of the condenser 52 is lowered,

20 which in turn causes the temperature of the liquid
refrigerant in the receiver 54 to rise, thereby making it
possible to dissolve the refrigerating machine oil.

Alternatively, to lower the temperature of the liquid
refrigerant in the receiver 54, it suffices if the expansion

25 valve 32 is operated in the opening direction, or the numbgr

of revolutions of the fan 102 of the condenser 52 is
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conpressor. Accordingly, it becones necessary to allowthe refrigerating
machine oil to dissolve in the liquid refrigerant so as to reliably return
the refrigerating nachine oil in the receiver. For exanple, the
tenperature of the liquid refrigerant inside the receiver 54 in the
circuit such as the one shown in Fig. 8 is detected by the therm stor 100,
and if the tenperature of the liquid refrigerant has becone | ower than
the tenperature necessary for dissolution of the refrigerating machine

oi |, the sphepehfe@XPERSiPbIEN VEf Fhdse @%@f@éwhé Natd e fhOidd byt J ecti on,
or the nunber of revolutions of the fan 102 of the condenser 52 is

| oner ed, whéCBohbxrdlr Of Cohess operdEines aisiref fécted by dthel eYerittr igrriant
in the receiver 54 to rise, thereby making it possible to dissolve the
refriger atcogponentsel2s| inside the Autedomt iwredty,12b. | oner the tenperature
of the liquid refrigerant in the receiver 54, it suffices if the expansion
valve 32 is operat®t shoukd bgawted dihatetdalfthough 4 Har ribeh @bowst

revol utions of the fan 102 of the condenser 52 is

51 i AcreadescTiPtionporn ranpls hampHeRn cHOvER dn hichy cantrolrHs cont rol

of these operatjons is effected the el ectri cal onponents 125 inside
the out dodPffgFte 42‘1&' detect.mg I‘E%%I‘Eﬁﬁﬂf"%t‘mﬁ Rf t qe nt in pe

above descriptio an exarge has been shown j n whj crﬁo c{eq:erml ef fected

by det ectl?@etﬂ% r AHIGE Fhe REIRGTT YRS, &S [RF1ma

with respect to the pressure in a case where the refrigerant
in the receiver is in the gas-liquid two-phase stéte, similar

10 control may be carried out by detecting the pressure by means
of a pressure sensor or the like.

In the refrigeration cycle apparatus in accordance
with the present invention, by taking into account the rate
of solubility of the refrigerating machine oil in the liquid

15 refrigerant ahd the relationship between the oil circulation
rate and the compressor frequency such as those shown in Fig.
10(a), the temperature and pressure of the liquid refrigerant
in the receiver and the viscosity érade of the refrigerating
machine o0il are set so as to allow the state of dissolution

20 of the refrigerating machine o0il in the liquid refrigerant to
be constantly maintained during ﬁhe operation. For instance,
if a refrigerating machine oil of a viscosity grade VG32 is
used in a refrigeration cycle apparatus in which the receiver
is disposed between the condenser and the pressure reducing

25 device, as shown in Fig. 10, the temperature of the liquid

refrigerant in the receiver is controlled within the range of
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the receiver, since the tenperature is primarily determned wth respect
to the pressure in a case where the refrigerant in the receiver is in the
gas-liquid two-phase state, simlar control nay be carried out by
detecting the pressure by neans of a pressure sensor or the |iKke.

In the refrigeration cycle apparatus in accordance wth the present

I nvention, by taking into account the rate of solubility of the
refrigerating machine oil in the liquid refrigerant and the relationship

bet ween th&@%ﬁ%&&l&l@?g&ﬁgﬁf 0 APFow APRER SO ESMsi-edyr such as

t hose shown I n enperature and pressure of the liquid

refrigerantreduiend 1£CERY iz AN tigaty | B SH fir DfSERE DAg IMCH B | Sler aitd Ng
machi ne oil are set so as to allow the state of dissolution of the

refriger atdisoiedd NEn othe | Didniid | reéifa Dgexdnit gerardotrdindgley catlsd ant | y
mai nt ai ned during the operation. For instance, if a refrigerating nmachine
oi | of a wefxbgewyaimganatitine soilisisl rel tably regeveyednin e lstatpparfat us
in which the receiver is disposed between the condenser and the pressure
reductng bkringdisspolvednin the gligqwid (refrigerant withgut theingui d
refrigerant in the receiver is controlled wthin the range of,
52 the rcigeoninedii tutEe Keenkver « o FWHERLE hel & Aprekaigeratingiency is 120
Hz, so that the refrigerating machine oi| is. .djssolved in_the liquid
refriger arﬂ@cmﬂt&ﬁ)r%]ng?{/,a tREeSCQsity @P%AGF NPedehivrediin ithig j apl y
conveyed in a state of Dbei di ssolved in the quuLg refrigerant w.thout
bei ng. - derEARABTIRTIRR (GHIS APPR ARy the Tpndd 94 STy of''ene
refrigerating machine oil expands as indicated by the dotted
10 line, leeway is produced in the aforementioned control range
for returning the oil, and the return of the oil is made more
reliable. Moreover, subcooling can be controlled in
correspondence with the condition of the load of the
apparatus, thereby improving the efficiency and performance
15 of the refrigerating and air-conditioning apparatus. To set
subcooling to a low level, it suffices if the expansion valve
is operated in the opening direction, or the number of
revolutions of the fan is lowered, or both of these
operations is carried out. To set subcooling to a high
20 level, it suffices if an opposite operation is carried out.
That is, in the case of the refrigerating and air-
conditioning apparatus in accordance with the present
invention, in the refrigerant circuit which uses a
hydrofluorocarbon~ (HFC-) based refrigerant as a refrigerant

25 and alkylbenzene or other similar oil having weak

compatibility with respect to the HFC-based refrigerant as a
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machine oil of a viscosity grade V& is used in this refrigeration cycle
apparatus, the range of solubility of the refrigerating machine oi

expands as indicated by the dotted I|ine, leeway is produced in the
aforenmentioned control range for returning the oil, and the return of the
oil is made nore reliable. Mreover, subcooling can be controlled in

correspondence with the condition of the |oad of the apparatus, thereby
i nproving the efficiency and perfornance of the refrigerating and

o cond S REBgosRonh on o "ely FAEFRR!LAKAS ekl RaElend yRiOH) o

I f the expansi o e openin ctron, or the number

of 140! Uhhgn Shebligokafol SakUREFEL1AG HOLDI B LOESFooPBREALLRDS | S

carried out. To set subcooling to a it suffices If an opposite

operation ﬁémﬁéi&fﬁﬁeoéi-pressure_iﬂh@ﬁeifécéfbéfeaﬁésﬁhéfviéﬁbsit¥
refrigerating and air- conditioning apparatus in accordance with the

present |gy¥gaéi 68, the rberigératbignhachine ¢ilhafd $6€Sswch that the

hydr of | uor ocar bon- (HFC-) based refrigerant as a refrigerant .and

al kyl benzepnateroft selubibityprobdi thédawe figigerdtingmachiné i oi/1 win hthespect
to the HFC-based refrigerant as a 53
refri ger at Lbguidchéfirigétrant dbecones tnibghenpthas othe neli e ticulatsicon

recei ver for accunulating surplus refrigerant, the tenperature or pressure
'n the recoaverohnthe eetrigenating graghing ok viskeh eI rRRtbeEAhe of |

are set such that the rate of solupility of the refrigerating machine oi
in the the compressor together with the refrigerant.

As a result, the refrigerating machine oil is
1o conveyed reliably in the state of being dissolved in the
liquid refrigerant without being detained in the receiver in

a large amount.

1ith Embodiment
Reférring now to Figs. 11 and 12, a description will
15 be given of an 1lth embodiment of the present invention.
Fig. 11 shows a configuration of a refrigerant
circuit for circulating the refrigerant in the refrigerating
and air-conditioning apparatus, wherein reference numeral 1
denotes the compressor; 52, the condenser; 54, the receiver
20 for accumulating the surplus refrigerant; 55, the evaporator;
32, the opening/closing valve which is a pressure reducing
device for reducing the pressure of the refrigerant on the
high-pressure side; 100, the thermistors for detecting the

temperature, the thermistor 100(a) being disposed at an

25 intermediate position on the condenser, the thermistor 100(b)
- 53 -
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liquid refrigerant becones higher than the oil circulation rate of the
refrigerating machine oil which flows out from the conpressor together
with the refrigerant. As a result, the refrigerating machi ne oi
is conveyed reliably in the state of being dissolved in the Iliquid
refrigerant without being detained in the receiver in a |large anount.
11t h Enbodi nent Referring nowto Figs. 11 and 12, a description
will be given of an 11th enbodi nent of the present invention.

Fig. 11 shousnq &MPdSuY Bdihedt thd YutiGR! ¥ tid 'DiiderdsUr Grs Wi i ng the

refrigerant in"the refrigerating and air-conditioning apparatus, wherein

reference red@ivdr 154 day @hdmBi RYPNOIY); bednd @ S thgt, the
receiver for accunulating the surplus refrigerant; 55, the evaporator;

32, the opssteyerd G Nandlthe Whddnistor L08R disdu ditposirl itwedn
reduci ng the pressure of the refrigerant on the high-pressure side; 100,

t he t her msheredaivaletée @rid tHeh pressmrer atdue i nigh deviieem3.or Nbera)l bei ng
di sposed at an internediate position on the condenser, the therm stor

100( by 102 denotias rthealifposed Edevcondenseaut | umeiralthd 03okkemetes and
the receiver 54, the therm stor 100(c) being disposed at the receiver 54,
and the tHENHMDr theoE@nsexn 3P Miadp goeiapesed; hetwees e 4 and the
pressure reduci ng device 32. Nuneral 102 denotes the fan for the

condenser di§sharge pirejofitde compressor and the condenser 52, and
the sensor 103(b) being disposed between the condenser 52 and

the pressure reducing device 32. Numeral 104 denotes a
10 heater for heating the refrigerant in the receiver 54.
In addition, Fié. 12(a) shows the rate of solubility
of refrigerating machine oil alkylbenzene (viscosity grade
22) in the liquid refrigerant R.407C, Fig. 12(b) shows the
relationship between the oil circulation rate and the
15 compressor frequency, and Fig. 12{(c) shows the relationship
between the condensing temperature and the internal
temperature of the receiver.
As described above,.to allow the refrigerating
machine oil to dissolve in the liquid refrigerant in the
20 receiver, the internal temperature of the receiver is set
such that the rate of solubility of the refrigerating machine
oil in the liquid refrigerant becomes higher than the oil
circulation rate of the refrigerating machine o0il. For this
reason, a means for detecting.the internal temperature of the
25 receiver and controlling the same is required.

To detect the internal temperature of the receiver,
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sensors, the sensor 103(a) being di sposed between the discharge pipe of
the conpressor and the condenser 52, and the sensor 103(b) being disposed
bet ween the condenser 52 and the pressure reducing device 32. Nuneral 104
denotes a heater for heating the refrigerant in the receiver 54.

In addition, Fig. 12(a) shows the rate of solubility of refrigerating
machi ne oi |l al kyl benzene (viscosity grade 22) in the liquid refrigerant

R 407C, Fig. 12(b) shows the relationship between the oil circulation rate

and the CcoMIREENcdy 3N eaatd cﬁegofﬁ%(h@ ﬁﬁggﬁéc{agrgp Ei'o%t({?gn%w P

between the condensing tenperature and the Inter perature of the
receiver. 100(d) ands thespridsehrad@ehsors a'dw#gt A%d 03357 3l N9 machi ne

oil to dissolve in the liquid refrigerant int receiver,” the interna
t enper at ur pmviidded.r ecei ver is set such that the rate of solubility of the
refrigerating machine oil in the liquid refrigerant becones higher than
the oil circul ati 3n theecebet wheref thgetherngswoesi 160¢bl). tbo100dy
reason, a nmeans for detecting the internal tenperature of the receiver and
contral | i ngdrenProxideds sdager the temperatuwedefethet mefirigeraat does
tenperature of the receiver It suffices if at | east one of the
t her ni st or f°t06paRIE  Eremothe anyleteofr sbeurendenserstoothe) predsuee(b) is
provi ded. . I.n_ the case where the thermstors 100%b) to 100(d)
reducing device, it is possible to directly detect the
internal temperature of the receiver. Meanwhile, in the case
where the thermistor 100(a) and the pressure sensor 103 are
10 provided, since the condensing temperature of the refrigerant
can be detected, it is possible to estimate the internal
temperature of the receiver. For example, when the
compressor frequency is 120 Hz as shown in Fig. 12(b), it
suffices if the temperature of the liquid refrigerant in the
15 receiver is controlled within the range indicated by the
arrow. For this purpose, it suffices if the condensing
temperature is controlled within the range indicated by the
arrow, as shown in Fig. 12(c).
In addition, to control the temperature of the liquid
20 refrigerant in the receiver, in addition to using the
pressure reducing device and the condenser fan mentioned

above, it is possible to adopt a method is which direct

heating is effected by the heater 104, as shown in Fig. 11.

12th Embodiment

25 Referring now to Figs. 12 and 13, a description will
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are provided, since the tenperature of the refrigerant does not change
fromthe outlet of the condenser to the pressure reducing device, it is
possible to directly detect the internal tenperature of the receiver.
Meanwhil e, in the case where the therm stor 100(a) and the pressure sensor
103 are provided, since the condensing tenperature of the refrigerant can
be detected, it is possible to estimate the internal tenperature of the
receiver. For exanple, when the conpressor frequency is 120 Hz as shown in

Fig. 12(b)peidgivenidt @s1ith dmbdBiRaiRtiof e pgrhsdrtdUinremfiidrger ant in
the receiver is controlled within the range indicated by the arrow For
this purpose, it Rif. Qs il dnvthemdatmipls: dfemhe aldfird geratdhig @nided
within the range indicated by the arrow, as shown in Fig. 12(c).

I n addi ti car+conhittioring eappaqetes whelad ishapgpldied] to ey iagar ant in the
receiver, in addition to using the pressure reducing device and the
condenser domditsiunegneorlexamplia. i Slrpdisgg bl + ceftosnce mantesal 4 whi ch
direct heating is effected by the heater 104, as shown in Fig. 11. 12t h
Enbod? nentdenotes thgicompressesy fior Mopprepsing a FefrigerantpPass W

56 be given of a 12th epbodi nent of th%ﬁgres nt invention. Fi g.

13 is anotth® GSMRRseL Lo, cqndensidichy ~PressusSy Mt HgeF aBkpar at us
\rll\ﬂlrrg? a: slagpapsl icfidscthoaragnef i{romc%qg tc'io?nriwerréssfo?:r le;xaﬂ.p'l ea' plrré-lgit%.'gels’ reference

pressure reducing device; 54, the receiver for accumulating
surplus refrigerant; 32, the post-stage pressure reducing

10 device; 55, the evaporator; 2, the four-way valve having the
function of reversing the flowing direction of the
refrigerant; 14. the refrigerating machine o0il stored in the
compressor 1 to effect the lubrication of the sliding
portions of the compressor 1 and the sealing of the

15 compression chamber; and 13, the surplus liquid refrigerant
accumulated in the receiver 54. 1In addition, Fig. 12(a)
shows the rate of solubility of refrigerating machine oil
alkylbenzene (viscosity grade VG22) in the liquid refrigerant
R.407C, and Fig. 12(b) shows the relationship between the o0il

20 circulation rate and the compressor frequency. The
refrigerating machine oil exhibits a rate of solubility of
1.3 - 2.8 wt% with respect to the liquid refrigerant in the
condensing temperature range of +20°C - +70°C, but exhibits a
very small rate of solubility of 0.2 - 1.2 wt% with respect

25 to the liquid refrigerant in the evaporating temperature
range of -20°C - +15°C. 1In addition, the oil circulation
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denotes the conpressor for conpressing a refrigerant gas; 52, the
condenser for condensing the high-pressure refrigerant gas discharged from
the conpressor 1; 31, a pre-stage pressure reducing device; 54, the
receiver for accumulating surplus refrigerant; 32, the post-stage pressure
reduci ng device; 55, the evaporator; 2, the four-way val ve having the
function of reversing the flowng direction of the refrigerant; 14. the
refrigerating machine oil stored in the conpressor 1 to effect the
lubricati oratle,! Hges!, di ARighe kFa®d® OF the ¢erRigesatihgahdchifessdli ng of
the conpression chanber; and 13, the surplus liquid refrigerant

accunul at egrhiight F2otvecwiitar thé. rbfrigeérhnen frbmgthé2¢tomprebsve toethdte of

solubility of refrigerating machine oil al kyl benzene (viscosity grade
VR2) in trefrigerdntef asgamest a RadléCofald3F 2.0 3% mhaiserddabouts,
rel ati onship between the oil circulation rate and the conpressor

frequency. afide tendbr tgedatregseawihthethel réski bift the campreSseol ubility of
1.3 - 2.8 % with respect to the liquid refrigerant in the condensing

t enpersat ur éxegugacyl. +20[err]C - +70[err]C, but exhibits a very small rate
of solubility of 0.2 - 1.2 wt%with respect to the liquid refrigerant in
the evaporating teNpsEat ardesesiption widlcbe]giveniof cthe dpehaviemiaf on,
the oil circulation '

A . . . 2 rate,. i.e.,
wei ght rat tBeoFefRigrErptand: the Hﬁéﬁi‘ﬂ‘éreﬁmgmﬂﬁﬁhl??o%zw t fhe Haigh-

ref Tl gerant, LLomihe cOpLessr olg LhRprbShehoBy Bhe SSREIERsE: R L O O3

discharged to the condenser 52. Most of the refrigerating

10 machine o0il 14 used for lubricating the compressor and for
sealing the compression chamber returns to the bottom of the
hermetic container, but the refrigerating machine oil having
an 0il circulation rate of 0.3 to 2.0 wt% or thereabouts is
discharged together with the refrigerant from the compressor

15 ‘1 and enters the condenser 52. The refrigerating machine oil
is conveyed by the refrigerant gas having a sufficient flow
rate, is dissolved in the liquefied liquid refrigerant in the
vicinity of the outlet of the condenser 52, and is conveyed
to the pre-stage pressure reducing device 31. The liquid

20 refrigerant whose pressure is reduced to so-called
intermediate pressure by the pre-stage pressure reducing
device 31 enters the receiver (liquid accumulating container)
54. Here, by controlling the pressure reducing devices
disposed respectively before and after the receiver 54, the

25 surplus refrigerant can be accumulated in correspondence with

the condition of the load of the apparatus. 1In addition, the
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and tends to increase with the rise of the conpressor frequency.

Next, a description wll be given of the behavior of the refrigerant and
the refrigerating machine oil. The high- pressure refrigerant gas
conpressed by the conpressor 1 is discharged to the condenser 52. Most of
the refrigerating machine oil 14 used for lubricating the conpressor and
for sealing the conpression chanber returns to the bottomof the hernetic
container, but the refrigerating machine oil having an oil circul ation

rate of O.Bntérral wéfiperaties b RS téceiver sy gbsl d@gapaiontddl 1y
refrigerant fromthe conpressor 1 and enters the condenser 52. The

refrigeratthg ntdimedbate pressume\in Myandcof cflie grresdugs Scadue iy a
sufficient flow rate, is dissolved in the liquefied liquid refrigerant in
the vicindevioés tsuchuthat e trate oflswubilitymif | the arefxyigeratuinde
pre-stage pressure reducing device 31. The liquid refrigerant whose
pressure imackineceil oimcthellignid mefrigerant pkdsingidethehargnaivange
pressure reducing device 31 enters the receiver (liquid accunulating

cont afner )54 ceecopes highenthan |the) el phraglationEatag E9% ces

di sposed respective]ly before and after the receiv t he ., surpl us

er 54,
Cefrigor arfXeBRiee M A RASR HNETE (IS COMRRRRRAE FASHUSHRY déhdidd &% of the

| oad of the appar at us o)

58 interrfdl TENFAHR Lﬁ’legnbf )k?te’i r & t\r%g?m%eﬁf?%urseet°fbf}teonltjr%j1q ng the
| nt er medi %&S%f#ﬁfyf% fﬂfﬁ%i?er g{eééﬁ% ﬁg%se SN IREIGESS hiaeh that

the rate riger
range of the region indicated by the arrow as shown by the

10 dotted line in Fig. 12(b), so that the refrigerating machine
0il dissolves in the liquid refrigerant 13. Accordingly, the
refrigerating machine oil is conveyed reliably in the state
of being dissolved in the liquid refrigerant 13 without being
detained in the receiver 54 in a large amount. The liquid

15 'refrigerant which flowed out from the receiver 54 is further
subjected to pressure reduction to the level of necessary
evaporating pressure, so that the temperature declines
sharply. Hence, the solubility characteristic of the
refrigerating machine o0il changes to nonsolubility or very

20 weak solubility with respect to the liquid refrigerant, and
the refrigerating machine oil which cannot be dissolved in
the liquid refrigerant is separated and forms oil droplets.
However, the refrigerating machine oil is conveyed through
the evaporator 55 since the flow rate of the refrigerant

25 increases abruptly due to the gasification of part of the

liquid refrigerant which occurs in the post-stage pressure
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machine oil in the liquid refrigerant 13 inside the receiver 54 becones
hi gher than the oil circulation rate. For exanple, in a case where the
conpressor frequency is 120 Hz as shown in Fig. 12(a), the tenperature of
the liquid refrigerant 13 in the receiver 54 is controlled within the
range of the region indicated by the arrow as shown by the dotted line in
Fig. 12(b), so that the refrigerating machine oil dissolves in the liquid
refrigerant 13. Accordingly, the refrigerating machine oil is conveyed

reliably i_s}eaheiagaaevieé 89| ngnd! s$RLYSILLP iHsFAheai,dtﬁéf iperant 13

without being defained in the receiver’54 in a large’amount.  The liquid

refrigerangisheebrl b8WBHeOB apbPatbRESS ELRI ¥RE RExtSstagéhes sétbsecisd to
pressure reduction to the |Ievel of necessary evaporating pressure, so that

t he tenperabusectdeel an€iowshatel yf thaceefibgesahtibyast yuthicbehertstic of
the refrigerating machine oil changes to nonsolubility or very weak

sol ubi | i t ycanveyr thperefribgéhatingunachihe i gil addywnstreamhe Thém) gehat i ng
machi ne oil which cannot be dissolved in the liquid refrigerant is

‘separ &t ed aefirigensting wachirvesoil Howeked inte theércoupressor nhichi ne oil
is conveyed through the evaporator 55 since the flow rate of the
refrigeranFetPﬁBFeﬁgeEhﬁbP%B€@W eficthe hepmebis (¢RRERBACHf part of the

liquid refrigerant_which_occurs in the post-stage pressure
59 reduci ng devi Bt%2, 13Rhawsan Q’Eﬁ'mﬁf’)lr%t’éhc‘é%‘i}ﬁe ngkeadiidheter of the

vapor r in,the nex i
evaporat o eggansiéneva vos WhEsh ' 8rd nidefte valves, capillary tubes

are used as the aforementioned pre- and post-stage pressure

10 reducing devices.

In the case where the capillary tubes are used as the
pressure reducing devices, the inside diamete£ and length of
the capillary tubes are set so that the refrigerating machine
oil will be dissolved in the liquid refrigerant inside the

15 receiver under any operating conditions. The smaller the
inside diameter and the longer the capillary tubes, the
greater pressure-reducing effect can be obtained, so that it
is possible to obtain an advantage similar to that of the
closing of the valves.

20 Since the pressure reduction and expansion using the
capillary tubes have self-adjusting capebilities over a
certain temperature range, the operation cen be performed in
a region selected and set in advance in correspondence with a
predetermined refrigerant and a predetermined refrigerating

25 machine o0il, so that it becomes possible to reliably return
the refrigerating machine oil to the compressor. By applying
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to secure a flowrate of the refrigerant gas sufficient to convey the
refrigerating machine oil downstream Then, the refrigerating nachine oi
sucked into the conpressor 1 returns to the bottom of the hernetic

cont ai ner. Fig. 13 shows an exanple in which, instead of
expansi on val ves which are throttle valves, capillary tubes are used as
the af orenenti oned pre- and post-stage pressure reducing devices.

In the case where the capillary tubes are used as the pressure reducing

devices, tfgeid f@q & et f f#%ﬁ qhﬁﬁ et so
t hat the refri gitr)atl ng ﬁl ne oll hfé)btehécllhlges édé t(%t %‘é
refrigeranbyi$6aTeng hen fﬁéepﬂ@dewﬂﬁn@% é&d@ﬂng%aﬁiw%lﬂ%d
smal | er the i nside diameter and the |onger the capilTary tubes, the

greater presfrigeratitici @grefif igdroing ambiimasbndix idting tapparatamssi bl e

to obtain an advantage simlar to that of the closing of the val ves.

Si nce t he gnalsas ea reaifci gerator exEansion amidic iider odpidi ary t ubes have

sel f-adjusting capabilities over a certain tenperature range, the

oper at i on ¥RgPEROMALeD s i refrigespnh cistadited sarabseablied.advance in

~correspondence with a predeterm ned refrigerant and a predetern ned
refrigerating nmadhhaeefirigerating and pdaorendiddoning @@Baélalta%ﬁl ?freturn

the refrigerating machine oi| to the conpressor. By app
t he cgéﬁ IBFSP b SN eRislanbsuch %%ﬂ%%&l% 1t9-a|4§ iigy sealing

|n t he redeternt ere erating machi ne oi
P rangeé] olf%w5° e compressor, %e four-way valve

having the function of reversing the flowing direction of the
10 refrigerant, the condenser, the pre-stage pressure reducing
device, the receiver for accumulating the surplus
refrigerant, the post-stage pressure reducing device, and the
evaporator are consecutively connected by refrigerant pipes,
and the temperature and pressure of the liquid refrigerant in
15 the receiver are set by the pressure reducing devices
disposed respectively before and after the receiver, such
that the rate of solubility of the refrigerating machine oil
in the liquid refrigerant becomes higher than the oil
circulation rate of the refrigerating machine oil which flows
20 out from the compressor together with the refrigerant.
Accordingly, the refrigerating machine oil can be reliably
conveyed in the state of being dissolved in the liquid
refrigerant without being detained in the receiver in a large

amount.

25 13th Embodiment
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refrigerant, a refrigerating and air-conditioning apparatus such as a
refrigerator or an air conditioner which incorporates this refrigerant
circuit is assenbl ed. The refrigerating and air-conditioning
apparatus of the present invention such as the one shown in Fig. 13 is
arranged as follows: The conpressor, the four-way valve having the
function of reversing the flowng direction of the refrigerant, the
condenser, the pre-stage pressure reducing device, the receiver for

accumulating t he s Rbising oféh 955 Figa | Ny AR 83 208 AESAELE YOO

device, and the evaporatof are consecutively connect rigerant

pi pes, ange!HfrdfPLr At 1'i€h b SRent CoPTthdprédane {ofdneiidmnt in the
receiver are Set by the pressure reducing devices disposed respectively

before and after tiggJerfiMeran Sidinpld £ e rod £r Dferet iy ldrd/ adfr he
refrigerating machine oil in the liquid refrigerant becones higher than
the oil otonditioning capparatie wieich gis appliedicto nen aair which flows out
fromthe conpressor together with the refrigerant. Accordingly, the

refri ger atcomdiidmen, ofdr caxanple ol iRéferenamvmymeiraln §halenattess &n bei ng
dissolved in the liquid refrigerant w thout being detained in the receiver
in a | argeoikrggparator; %t, Booilsgparating net; and 62, a narrow

61 Referring now to Figs. 14 and 15, a descriptjon wll
pipe for returning oil. The refrigerant gas discharged from

the compressor 1 enters the oil separator 60 from its top,
passes through the o0il separating net 61, further passes

10 through a lead-out pipe inserted to the vicinity of the
center of the oil separator, and is directed toward the
condenser 52. At this time, the refrigerating machine oil
which is included in the refrigerant gas adheres to the oil
separating net 61, drops, and is accumulated at the bottom of

15 the 0il separator. The separated refrigerating machine oil
81 is returned to the low-pressure side compressor suction
pipe by means of the narrow pipe 62 for returning oil. As
shown in Fig. 15, since the o0il circulating rate is reduced
due to the effect of the oil separator 60, the allowable

20 range for control of the intermediate pressure, which is
effected to dissolve the refrigerating machine oil in the
liquid refrigerant 13 inside the receiver 54, expands, and
produces leeway. Accordingly, the refrigerating machine oil
is easily dissolved in the liquid refrigerant 13 and is

25 reliably returned to the compressor 1. 1In addition,

subcooling can be controlled in correspondence with the
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be given of a 13th enbodi nent of the present invention. Fig. 14 is
an exanple of the refrigerating and air- conditioning apparatus which is
applied to an air conditioner, for exanple. Reference nuneral 60 denotes
an oil separator; 61, an oil separating net; and 62, a narrow pipe for
returning oil. The refrigerant gas discharged from the conpressor 1 enters
the oil separator 60 fromits top, passes through the oil separating net
61, further passes through a | ead-out pipe inserted to the vicinity of the

f
Chi's 1 e, TR g 9 e Todllbe %é‘@oﬁ?’i’%%%t“%“as ALy e

refrigerands£5asi GHE#RI tferd e P d is
accunulated at the botto#%! the ol l separator %#%e separategi

refriger atddi it iRy @ﬁcl&%ﬁp’iﬂa%h%r ned to the | ow pressure side
conpressor suction plpe by neans of the narrow pipe 62 for returning oi

As shown in Fig. I¥bFig.nqd,t edeeitirichally-spetated expans@dncoadlvdge to t he

effect of the oil separator 60, the allowable range for control of the
I nt ersredi atre prsesk wse thehipriesisuree iredacdngt dedlimsl \34 talmel 3@f.ri ger ati ng
machine oil in the liquid refrigerant 13 inside the receiver 54, expands,

and prodisser dhsatenterataireglof, thiee lighidgeedirigeranthinetdel is easily
dissolved in the liquid refrigerant 13 and is reliably returned to the

conpr essoXereivieryddit issf ficeshddotheg prgrstagdeonalye 83 is eperasgdndence
with the 62 condition _of the |oad of

t he apparé\tlhé:he( cdosdpg Aireetign: gad the post-stage valve 32 is

operated in the opening direction, or if the number of

10 revolutions of the condenser fan is increased. If a setting
is to be provided to increase the temperature of the liquid
refrigerant, it suffices if the amount of opening of the pre-
stage valve 31 is changed in the opening direction and the
.amount of opening of the post-stage wvalve 32 is changed in

15 the closing direction, or if the number of revolutions of the
condenser fan is decreased.

If the conditions of the rate of solubility of the
refrigerating machine 0il in the liquid refrigerant has
changed in the relationship between various kinds of

20 refrigerants such as a single refrigerant or mixture HFC or
HC such as R.410A and R.407C and various kinds of
refrigerating machine oils such as alkylbenzene or mineral
oil, if the o0il circulation rate becomes higher than the rate
of solubility due to a change or the like in the kind

25 (reciprocating, rotary, and scroll) and structure of the

compressor, adjustment is first made by changing the method
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efficiency and performance of the refrigeration and air- conditioning
cycl e appar at us. In Fig. 14, electrically-operated expansion

val ves are used as the pressure reducing devices 31 and 32. To |ower the
tenperature of the liquid refrigerant in the receiver, it suffices if the
pre-stage valve 31 is operated in the closing direction and the post-stage
valve 32 is operated in the opening direction, or if the nunber of

revol utions of the condenser fan is increased. If a setting is to be

provi ded taf iganteald ing thenexpansieomivallved iapd the efondemsen fan.
suffices if the amount of opening of the pre- stage valve 31 is changed in
t he openi fipwaveat iidh e aide cigmlatiom gate hecsmes higher shage thel ve 32
is changed in the closing direction, or if the nunber of revaol utions of
the condditk® 9fPalubidditynffy the refrigamating machine dilodn fde ate of

lubility, of t fri ti hine oil in the liquid refri t h
changed | AT Fefianrtay st B (R AURPUGR SR HaRSS T rtin s such as
i ng| fod t j xt HE HC such as R 410A and R 407C and

Vari ofls kiL B s Ko B Habarared baing a) chardchenpehis, dngtgred

' | Qidyp 4 ide circulation r. ] the rate of
ol ubi |t Rl SO SER, e, PR G M AR e L o, rotary.
and scr ol | ge 443 %ﬂtcfdi&%u‘lft.t h@epeNE gy oo th%dhéi%tdir:e'&tg?)'r%ffr'ibétra%de by

changi ng the ne
and refrigerating machine o0il, however, an oil recovering

means is selected in advance with respect to the oil

10 circulation rate, and adjustment is made of the expansion
valves and the like, as required. In order not to increase
the kinds of oil separators, if the decline in the o0il
circulation rate does not reach a necessary range, a
plurality of oil separators may be arranged in series.

15 | The above-described process for determining the
specifications may also be determined in advance by
conducting calculations and examinations by the following
procedure,

First, the kinds of refrigerant and refrigerating

20 machine o0il are first selected in the light of the
specifications, operating conditions, circuit conditions and
the like which are set in advance. Next, the temperature of
the refrigerant liquid and the pressure of the refrigerant in
the receiver are calculated under the respective conditions,

25 an examination is made as to whether the rate of solubility

of the refrigerating machine o0il in the liquid refrigerant is
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of controlling the expansion valves and the condenser fan. However, if the
oil circulation rate becones higher than the rate of solubility of the
refrigerating machine oil in the liquid refrigerant even after adoption of
a heater, it suffices if an oil separator having a characteristic require
for recovery is provided during the assenbly of the refrigerant circuit.
Dependi ng on the kinds of refrigerant and refrigerating nmachine oil,
however, an oil recovering mneans is selected in advance with respect to
the oi |l cireaterieon smaklemhanjaneatingtedmnid ofinawd abigangiate, val ves
and the like, as required. In order not to increase the kinds of oi

separ at or 209 {SReRL kAL IANS P Hheyinumker qff adiloFeparatesss neguizesoh a

necessary range, a lurality of oil] separators y .be arranged_in series.
The above-iR HERRAGR % AbIRIICH @l hilRae Tmant e ks Fs By al so be
determ ned, i,n advance condycti ng cal cul atj gqns and am _nations by the
ol Fowi ng AHRrAE: Thesd Vetinntit Syt he ded e 10 A firogam 4o
refrigerat.i ' Qi e fi,rst ted in the light of the

speciTi cat"fl{(;%s}f r%agéeyr ar}tefﬁ It Pcug‘rnt(ﬁ% ilcfhsa,d%%n%(c\édi t conditions and the |like

which are set |n i sdieficiolibe SIS Azt dre VATIGEE! bSERERLS! ! aUl d

and the pressure o In the receiver are calcu under

the respecid e QAlkld 19t cob 1AEFAtIVN, Ol ulBidy dhe Sothpliighyt ha rate
of solubility of the refrigerating machine oil in the liquid refrigerant
is the refrigerant, lubricating pex§érmance, electrical
insulation, an anti-sludge property, stability against water,
10 hydrogen, temperature, and life, low-temperature fluidity, an
effect on the environment, and cost. By making adjustment in
control and adding an 0il separator in the assembling
procedure as described above, the range of selection of the
refrigerating machine oil expands, so that the use of
15 refrigerating machine oil which excels in the aforementioned
performances becomes possible. In addition, in the event
that a change has occuried in the kind of refrigerant with -
respect to the apparatus being used for the reasons of an
environmental measure or the like, even if the compatibility
20 between a newly introduced refrigerant and the refrigerating
machine oil is lost, or a problem arises in the return of
oil, it becomes possible to cope with such a problem by
changing control without replacing the oil.
In addition, in a case where a change is made in the
25 course of time in the kind of the refrigerant in the

refrigerant circuit in which the compressor, the condenser,
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greater or smaller than an estimated oil circulation rate, and
specifications on the nunber of oil separators required, the presence or
absence of a heater, and the like nay be determ ned. These settings nay be

determ ned by a programin which data is inputted in advance. In
the selection of oil, there are various elenents to be taken into
consideration, including the solubility in the refrigerant, lubricating
performance, electrical insulation, an anti-sludge property, stability

agai nst wetthey ,pressinmyaeducine rdeviross arthd idvapdmatars mamdattivee filquiidi t y,
an effect on the environnent, and cost. By making adjustnent in control
and addi ngcoumilatsiagmeans iqapabd en ofe iAsidun l atving: dinee ref rigenanted
above, the range of selection of the refrigerating machine oil expands, so
that the ke sonnested)dvamiResvadiiendadiq ihwdy.cdy dtdies refnigerating

af orenenti oned performances hecones pgﬁflble In addition, in the event

that a ch&ﬁg‘j’é‘% Hde s disseived dm ¢ Chraé'gﬁéct to the

apparatus use the reason vir anent neasure or the

li ke,> eve égﬁpghqmqq Set eﬁg¥9? 85a5@& refrigerant and

the refriqer | | QsL pr h turn
oi I | %%%tl %s“r‘"?o%?ﬁgﬁe% by, suéh°§bpro 1oMEDd B Eekh

control WihoW el ach ng f he O ::cult a ls diskison, in a case where a
change is nade EEE% course ogﬁ: H #%é%% *the refrigerant in the
refrigerant ci rCU‘l‘ha't” 19 QEnEQetﬁQ”B&QS 29rcull B i6AN¢aReChecomes
large, the refrigerating machine o0il ceases to be returned to
10 the compressor and a problem occurs, it suffices if the
details of control are changed by changing the settings of
the temperature and pressure of the refrigerant in the liquid
accumulating means as in the present invention, such that the
refrigerating machine oil is dissolved in the liquid
15 Irefrigerant within the liquid accumulating means.
Incidentally, at the time of such a change of the kind of
refrigerant, the rate of solubility can be easily known £from
the past data.
Meanwhile, if an experiment is conducted by using a
20 model machine on the basis of new combinations of the
refrigerant and the refrigerating machine oil, it is easily
possible to estimate the extent to which the o0il will come to
flow in a large amount. Alternatively, control may be
determined by performing operation and confirming that the
25 amount of oil flowing out to the circuit is large, by

checking the amount of oil in the compressor, and by making a
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65 the pressure reducing devices, the evaporator, and the liquid
accunul ati ng neans capabl e of accumulating the refrigerant are connected
by pipes, the rate in which the refrigerating machine oil is dissolved in
the refrigerant also changes. Further, if, for exanple, the concentration
of the refrigerant becones high, the ambunt of oil flow ng out from the
conpressor to the circuit also increases. That is, since the oi
circulation rate becones large, the refrigerating nmachine oil ceases to be
returned tdetetminatpomssdfhis prolplamn|dif s rEromtthafd¢asesof fa tiew
details of control are changed by changing the settings of the tenperature

and pressuirstaliapionfin gatigh gase Hehe jspseificatienaican besatudtedn the
present invention, such that the refriqg;atin machine oil is djssolved in
the |iqui aSuffifioptintiniadyandgwe and iReER |GA$9R]) Whers a2 single

e e et A s o Y S e gt e
baci o Jof - HERFEERBTARG1 onlies RERPLPL T4 AFAC S T 719 gor at  ng.machi ne
i b TFEEFLh O O B o Gl |
1 PRLY: PRt oRg gLl ey AR e B Sl e o
and by makiRd mumerical levels of weak compatibility which has been
described above. Since the present invention is capable of
10 coping with any cases by providing control without replacing
the o0il, it is possible to cope with an environmental measure
and the like simply and flexibly.
Although the oil separator is disposed in the
vicinity of the discharge outlet of the compressor, the oil
15 separator may be disposed inside the compressor depending on
the structure of the compressor. |
In this refrigerating and air-conditioning apparatus,
since the efflux of the refrigerating machine oil inside the
compressor to the condenser, the receiver, and the evaporator
20 is suppressed, the allowable range of control expands which
is effected to allow the refrigerating machine oil to
dissolve in the liquid refrigerant inside the receiver, so
that the refrigerating machine oil in the receiver is
reliably returned to the compressor. In addition; since the
25 refrigerating machine oil which is attached to the pipe walls

of the condenser and the evaporator can be decreased, the
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66 determnation. This problemdiffers fromthe case of a new
installation in which case the specifications can be studied sufficiently
i n advance, and there are cases where a single refrigerant is to be
changed to a plurality of kinds of refrigerant. This problemal so arises
due to the relationship between the refrigerant and the refrigerating
machi ne oil having such a rate of solubility that will exceed the
nunerical |evels of weak conpatibility which has been described above.

Si nce t he heatcexchangnteffidienypalses gfot cgsdligqeni t h any cases by
providing control without replacing the oil, it is possible to cope with
an environnental neasure and the like sinply and flexibly.

Al t hough the oil separator is disposed in the vicinity of the discharge
out | et of~$$ﬁ¥%§ﬂ#ﬁé;ﬁg#¥ the oil separator may be di sposed inside the
conpressor depending on . the structyre qf. the conpr.essor. . Jdn this
refrigerating and %ﬁ%rem ﬂ°8’nitﬁgtf&[9pa3?§t'u§, d Fﬁ&@iﬂ'ﬁ@ ¥l pe, Aiven
refrigerati ine.oil.ingide the conpressor tq.the cqnden 2.t he
Fecel ver - ok FEC et 2% e, el ilyenbagtt, FYENIE 4F Bher o
expangds | ' f | t f 1. R ' i

i eof ve 1HEAIRLS ot (Y Heded dRrabing B disIBCAHE HIRY Wpplracid

ref 11 ger Al HBal idib 0idd dd e aliSC Bt dibneit! ifoh! Yudapiigned 10 the

conpressor. In a I'on, since the refrigerating machine oil which is

32 E: ?g gggdfmetﬁhi&xm@ew@ﬂaa 7 de@teandnes preaiztager pPéarare! dedudinke
device comprising an orifice. In a case where a large amount
of refrigerating machine oil is transiently discharged from

10 the compressor 1 such as during restarting after the
"sleeping" of the refrigerant, the liquid refrigerant and a
large amount of refrigerating machine o0il which cannot be
dissolved in the liquid refrigerant flow in the vicinity of
the outlet of the condenser 2. However, when passing through

15 the orifice section of the pre-stage pressure reducing device
31, the refrigerating machine oil which is nonsoluble in the
pipe assumes a state of fine mist and flows into the receiver
54. For this reason, even if a refrigerating machine oil
whose specific weight is smaller than that of the refrigerant

20 is used, the refrigerating machine oil does not immediately
form a separate layer inside the receiver 54 but assumes a
state in which it is suspended in the liquid refrigerant, and
the refrigerating machine oil also flows out with the flow of
the liquid refrigerant. Consequently, the large amount of

25 the refrigerating machine o0il which flowed into the receiver
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67 heat exchange efficiency does not decline. 14t h Enbodi nent

Referring

now to Fig. 16, a description will be given of a 14th enbodi

of the present invention. Fig. 16 is an exanple of the refrigerating a
air-conditioning apparatus which is applied to an air conditioner, for

exanpl e.

Ref erence nuneral 31 denotes the pre-stage pressure reducing

device conprising an orifice. In a case where a |l arge anount of

refrigerating machine oil is transiently discharged from the conpresso
such as dusdngsreetarhedoqaitlklytte thelcompressof wiechowt rbgingint, the
liquid refrigerant and a |arge anount of refrigerating machine oil whi

cannot be
outl et of

ddtasneédethénethe liquid refrigerant flowin the vicinity of
t he condenser 2. However, when passing through the orifice

ment
nd

r 1

ch
t he

section of the preltisheuld dswmeteddhaty evwxder to nake rdie iqjdr at i ng

machi ne oi

| which is nonsoluble in the pipe assumes a state of fine m

st

and flows 9rPBlehe finerycit suffigestif stheebh deqrlets are guiglel¥ting

machi ne oi

is uséd, tRasPed thE

separate |
suspended

| whgse, specific weight is smaller than that of the refriger
‘?‘é?li‘n% ?%’F:FF?‘ﬁePQ)‘F‘Fl%esa%ta i HRERA TR CCWR‘?ﬂeé“g
state in which it

insid [ 54 b
?a%g{‘héglsﬁl‘ q%}‘tbgge%[ﬁ': %‘%/’g:ﬂé,‘y Jﬁ%t“s?%zu’?‘gﬁs"rgﬁ%‘r ating nmachine oil

also flows out with the flow of the liquid refrigerant. Consequently,
| arge anobunt of the refrigerating nmachine oil which flowed into the

recei ver

10

15

20

25

15th Embodiment

Referring now to Figs. 16, 17, and 18, a description
will be given of a 15th embodiment of the present invention.

Figs. 17 and 18 show examples of the structure o the
receiver 54 which is shown in Fig. 16 and is used in the
present invention. Reference numeral 41 denotes a
refrigerant inlet pipe for the refrigerant to flow into the
receiver 54; 42, a refrigerant outlet pipe; and 43, an
opening for communication between each pipe to the receiver.
In a case where a large amount of refrigerating machine oil
is transiently discharged from the compressor 1 such as
during restarting after the "“sleeping" of the refrigerant,
the liquid refrigerant and a large amount of refrigerating
machine oil which cannot be dissolved in the liquid
refrigerant flow, pass through the pre-stage pressure
reducing device 31, and flow into the receiver 54. However,
since the inlet pipe 41 and the outlet pipe 42 are shaped in
such a manner as to oppose each other as shown in Fig. 17,

most of the refrigerating machine oil flows out without being
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68 54 is returned quickly to the conpressor w thout being detained there.
It should be noted that, in order to make the oil droplets finer, it
suffices if the oil droplets are quickly passed through a narrow portion,
and a structural conponent such as a sludge filter may be used i nstead.
15t h Enbodi nent Referring now to Figs. 16, 17, and 18, a
description wll be given of a 15th enbodi nent of the present invention.
Figs. 17 and 18 show exanples of the structure o the receiver 54 which is
shown in Fegtaifedinth i tshelsssteivdihcs4 prasdruickbntieturiieftsy etlge nuner al
41 denotes a refrigerant inlet pipe for the refrigerant to flowinto the
recei ver ompiessor ef rimeadditinn, ein pilpe;exanp 8 shown dpeRigy fl&,
comuni cati on between each pipe to the receiver. |In a case where a |large
anmount of sirge dehetentyryreand raxidi |of ithe rkipiichtiteftigarantydetiwasn t he
conpressor_1 such as during restartlng after_ the "sleeplng" of the

refri ger arkhe RiRe |and)ithe gfeGeisamtSamre qfeﬁ%@ﬁr&hﬁ""eﬁ rtave i geratl ng

{nﬁ?glugﬁ ;)I| whi ch ca,nnotléiﬁ]d s's%dqétthe i qu ma(f;ﬁe;q% ra% Iow pass
éﬁéﬁgée{nst‘*mw“iiv%rpefﬁ%&i i drE sty e, Fere “w%aé’#ﬁ'rﬁtafsfdgpe 2 “st
of the refd| GiR} L AGJBENOF t‘i{é dnPFesdlr M HIPYW NS %here the
refrigerating machine oil whose specific weight is greater
than that of the liquid refrigerant is used, it suffices if
10 the communicating hole 43 is provided in such a manner as to
be oriented laterally or upwardly, while in a case where the
refrigerating machine oil whose specific weight is smaller
than that of the liquid refrigerant is used, it suffices if
the communicating hole 43 is provided in such a manner as to
15 be oriented laterally or downwardly.

The refrigerating and air-conditioning apparatus in
accordance with the present invention is structured such that
the inlet pipe opening and the outlet pipe opening are
opposed to each other at the bottom of the receiver, and the

20 influx of the refrigerating machine o0il which is nonsoluble
in the liquid refrigerant into the receiver is suppressed.
Accordingly, even if a large amount of refrigerating machine
0il is transiently discharged into the receiver, most of the
refrigerating machine oil flows out without being detained in

25 the receiver, and quickly returns to the compressor, by

virtue of the configuration in which the inlet pipe and the
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69 detained in the receiver 54, and quickly returns to the conpressor. In
addition, in the exanple shown in Fig. 18, since the entry and exit of the
liquid refrigerant between the pipe and the receiver 54 are effected

t hrough the conmunicating hole 43, the refrigerating machine oil flows

t hrough the pipe without entering the receiver 54, and quickly returns to
the conpressor. In a case where the refrigerating machine oil whose
specific weight is greater than that of the liquid refrigerant is used, it
suffices idutlée mipenate adppwsd|to 4acls gelwarded in such a manner as to
be oriented laterally or upwardly, while in a case where the refrigerating
machi ne oil whose specific weight is smaller than that of the liquid
refrigerant is used, it suffices if the communicating hole 43 is provided
in such a Matmdmbodirente oriented laterally or downwardly. The
refrigerating and air-conditioning apparatus in _accordance with the

present i nvention Refenning n1oay tudH-dehratl 6 @nd i1 erd deferdmidiong wddd t he
out et P! g PRI 212 ) AP Sl SRR E N el A, "
nonS0L 01 Skl B She o SR L AL R A e
Lo bSO (el et O o,
I“;lt g[ ”; i ngaﬁtﬁ}e@g P heriet i [dott indA1C LR d WYAldnP T d AP e
which claws 111 of a jig 113 for closing the discharge pipe
in an airtight test in the process of manufacturing the
10 compressor are caught at the reduced-diameter pipe portion 13
by pressing the claws 111 by means of springs 112. 1In a case
where a high-pressure refrigerant such as R.410A as an HFC-
based refrigerant is used, although the airtight test is
-conventionally performed under the pressure of 28 kgf/cm’G in
1s the compressor using R.22, it has been necessary to perform
the airtight test under a considerably high pressure of 45
kgf/cm’G when R.410A is used. By virtue of the arrangement
adopted in this embodiment, the jig is difficult to come off
even if the high pressure is applied, so that the airtight
20 test can be performed safely and reliably.
Conventionally, when the interior of the compressor
is set at a high pressure, the jig closing the discharge pipe
tends to come off due to the pressure difference, the
conventionally used jig is arranged such that claws are
25 pressed against the discharge pipe, and the jig is fixed by
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70 outlet pipe are opposed to each other. 16t h Enbodi nent

Referring nowto Figs. 16 and 19, a description will be given of a 16th
enbodi ment of the present invention. The structure provided is such that

t he di scharge pipe of the conpressor 1 is provided with a reduced-di aneter
pi pe portion 63 outside the hernetic container, and a systemis adopted in
which claws 111 of a jig 113 for closing the discharge pipe in an airtight
test in the process of manufacturing the conpressor are caught at the

r educed- di tivet Exigtienabrfoxged3 by pressing the claws 111 by neans of
springs 112. In a case where a high-pressure refrigerant such as R 410A as
an HFG- based refdn dheaather [, din Hhwypnesent Anvanticnst ingdented

conventi onal | erformed under the ﬁres ure of 28 kgf/cmerr]Gin the

conpr essorPREH PR a2e provided, K 4ge R4S R COMRESHROR est

S L A R o SR SR B e
SIS CRORSD 6 Ml I . Yo
pressure, P ]14) Tl HE AdidHe ngledl® IR MY ndde S AMAL |\
pressure did f&md e Witan GO I UiRtdnt i6iRd JdrFdrgeiidmloed such that
claws are pressed against the discharge pipe, and tthe jig is fixed by
Consequently, the airtight test of the compressor can
be performed safely and reliably.

10 In the foregoing description of the embodiments, the
receiver 54 is disposed in an intermediate pressure portion,
but the receiver 54 may be disposed at any position insofar
as the oil can be recovered. In the final analysis, if the
pressure and temperature of the liquid refrigerant in the

15 .receiver are set such that the rate of solubility of the
refrigerating machine oil in the liquid refrigerant becomes
higher than the o0il circulation rate of the refrigerating
machine oil which flows out from the compressor to the
refrigerant circuit during operation, even if a large amount

20 of o0il flows out temporarily, the oil can be returned
reliably. Incidentally, even if the suction muffler 101 is
provided on the suction side of the compressor as shown in
Fig. 11, and a noncompatible oil is adopted, the internal oil
can be recovered reliably by a conventionally known

25 recovering structure. Namely, in the present invention, if
the o0il is preferably allowed to flow after dissolving in the
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71 the frictional force. On the other hand, in the present

I nvention, indented portions are provided on the discharge pipe of the
conpressor as shown in Fig. 16. |If the reduced-di aneter pipe portion
(necking) 63 is provided on the discharge pipe, the claws of the jig can
be caught therein, and can be made nore difficult to cone off than in the
conventional arrangenent. Consequently, the airtight test of the
conpressor can be perforned safely and reliably. In the foregoing
descri pti oreffigémartrbonli thatwpstieam reixds \of thee isiisiosedd iis an

I nternedi ate pressure portion, but the receiver 54 may be di sposed at any
position ipR¥siple skotoktain adnighly esliahie apparatys nia whiigh dlods f

the pressure and tenperature of the liquid refrigerant in the receiver
are set suRh ehhtflowe tou cfor Lnatanget hy indoox amdyand ithe ddde &£ oi |
in the liqu d refrigerant beconmes _higher than the oil circulation rate of

the refrigettdHg © F N |anthithe g at Jhe raRidMATE SPasH t he
refrigerant_circuif, durjng operation, even if a |large anount of oil flows
§ trbed A

out t2npordt 1he %its _ OGHTTMAY. "I ncidental ly, even if
2s shown in Fig. L SHFLer RSHBRAR L 13RS e het Yena iR AR o1
el CoeHpLSSIAIL N S WA M ISR LT L e
after di sspigiif ddtdmifiating portion, in the case of a small-scale

circuit such as that of a refrigerator the liquid

10 accumulating portion may naturally be used for a portion
where the liquid refrigerant is detained such as at a dryer
or a filter device which is connected to the pipe.

By virtue of the configurations of the above-
described embodiments, since, for example, the range for

15 control of subcooling which is effected in correspondence
with the condition of the load of the apparatus can be
expanded in accordance with the present ipvention, the
efficiency and performance of the refrigerating and air-
conditioning apparatus can be improved.

20 In addition, since the surplus refrigerant can be
detained in correspondence with the condition of the load of
the apparatus, and a large amount of liquid refrigerant is
not returned to the compressor, the reliability of the
compressor is improved. Moreover, the apparatus in

25 accordance with the present invention is capable of coping

with the reversing of the refrigeration cycle such as by the
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72 refrigerant on the upstreamside of the circuit, it is possible to
obtain a highly reliable apparatus in which clods of oil flowto, for

i nstance, the indoor unit and the like of the air conditioner and the
clogging at the capillary tubes and the like is prevented from occurring.
I n addi tion, although a |arge-size refrigerating and air-conditioning
apparatus is used as an object for the |iquid accunulating portion, in the
case of a small-scale circuit such as that of a refrigerator the liquid
accunul at i chapgebwver ofythet foartyapevated, fhasaapsimpbe sthectutrée |iquid
refrigerant is detained such as at a dryer or a filter device which is
connect ed escehs pnpeost performapcejrand d@esheotoqatgeratdenbine ime
above- described enbodi nents, since, for exa the range for control
of subcool thg Eﬁréﬁrmén@eféﬁeeﬂoiﬁu@brﬂésbbﬁdggeﬁglnﬂtﬂlthed%%ﬁd|t|on of
the load of the apparatus can be expanded in accordance with the present
invention, the efficiency and performance of the refrigerating and air-
condi tionipg appar at us cg b -roved I n addition; since the
surplus re Feranes &8 n correspondence with the condition

not T8t urned to Eﬂsaﬁﬁﬁra‘ ?%@efewg%f?ﬁ o T
| mproved. MBRepuehe 1HCaRRBRERMS Lien ACROT FRIGE YBLLL Ne prgsent [ nvention

I s capabl e coprn € reversing of |gera i 6n cycl e such as
by the invention, since the liquid accumulatlng container for

allowing o0il droplets to flow out in suspended form is
connected between the condenser and the pressure reducing

10 device, the refrigerating machine oil which flowed out from
the compressor can be reliably returned to the compressor,
and proper lubricating and sealing functions can be
maintained for the compressing elements. Hence, it is
possible to obtain an apparatus in which the reliability of

15 the compressor is high. 1In addition, the structure is
simple, productivity and cost performance are outstanding,
and a decline in the performance due to the clogging with
dust does not occur.

In the refrigerant circulating apparatus in

20 accordance with the second aspect of the invention, since the
structure provided is such that the refrigerant is
accumulated on the flowing side where the surplus refrigerant
occurs, and the liquid accumulating container allows the oil
droplets to flow out in suspended form. Therefore, the

25 refrigerating machine oil which flowed out from the
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73 changeover of the four-way valve, has a sinple structure, excels in
cost performance, and does not cause a decline in the perfornmance due to
such as the clogging with dust. Advant ages of the Invention As
descri bed above, in the'refrigerant circulating apparatus in accordance
with the first aspect of the invention, since the liquid accunul ating
container for allowing oil droplets to flow out in suspended formis
connect ed between the condenser and the pressure reducing device, the
ref ri ger atdompragstmean beyrediiahlyvaetonned o thee compressay, @d be
reliably returned to the conpressor, _ and proper lubricating and sealing
f unct i ons REgPe¥e luhninahing angd sepd ingnfuasdiifnse Cane hes magat@dned | s

possi ble to obtain an apparatus in which the reliahility %;y_the conpr essor
"s high. IPEdd FOTPHERS G slementas  Hangey, i dduBORRIBISR® cost

performance .ar.e oqutstanding, .and.a decline i,n_the .perf nce due to the
cl oggi ng \ﬂe‘{tﬁil’}j@g{ agg&ra%gx[s (}&ﬁ?‘.m‘;‘ ‘tne relllr?i’t“‘ﬁ'é' e1°:}ir ant circulating

apparat us ddhe ALEALAUCH LD irhe SRGISASHSCE Qhl Gl RO ifge e

structure pr i S Suclt t'hat i'derant i's —accumu

([ u s Sidizahach the o b b ca by coab e LS

form Therﬂﬁri%efdﬁ% iseholtd Al aFReN iR thled cWAtal nbiroWegeout fromthe
refrigerating machine oil is nether accumulated, so that the
refrigerating machine 0il can be returned to the compressor.

10 In the refrigerant circulating apparatus in
accordance with the third aspect of the invention, since the
liquid accumulating container is interposed between the pair
of pressure reducing devices, the refrigerant can be
accumulated irrespective of the flowing directidn of the

15 refrigerant, and since the container is disposed in a high-
pressure liquid section, the refrigerating machine oil is
dissolved in the refrigerant, and can be returned to the
compressor without being detained in the liquid accumulating
container.

20 In the refrigerant circulating apparatus in
accordance with the fourth aspect of the invention, since the
refrigerant from the inlet at a lower portion of the liquid
accumulating container flows toward the lower surface of the
oil layer, and the o0il layer is agitated by the flow of the

25 refrigerant, the dissolution of the refrigerating machine oil
in the refrigerant is provided. Further, since the oil flows
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74, conpressor can be reliably returned to the conpressor, and pr oper

| ubricating and sealing functions can be naintai ned for the conpressing
el enents. Hence, it is possible to obtain an apparatus in which the
reliability of the conpressor is high. In addition, in a case where the
fl ow ng direction of the refrigerant is reverse, since the refrigerant
I's not accunul ated in the container, the refrigerating machine oil is

net her accunul ated, so that the refrigerating machine oil can be returned

to the congiesfesm the outlet natt the ciowegerporttion cutles ioil agyrarss us in
accordance with the third aspect of the invention, since the liquid
accunul at i rgtwomedii teerthes conmrexsar wicthwee rs ingel @ carrandeneres,s el rigdeici ng
devices, the refrigerant can be accunulated irrespective of the flow ng
directi on veliakility rofcthamtcompresion cathde @nhanredi s di sposed in a

hi gh- pressure liquid section, the refrigerating machine oil is dissolved
in the refrigerantIn dhe cefrigerant fdFadating ARRATEWHT i t hout bei ng

detained in the_ liquid accynulating container. ] .In the refrigerant
circufati r@c%fb‘b%?%ﬁ%?’rﬂ’ "Lall“’cofr’cﬁ%%é‘ﬁﬂeﬂ?: e thadwentjan, #ingg the

| Tquid  aRSERAdRTHE R e GoRiaieR A tiadiel SRR (he of |
LS o alfode [ e Y U R B SR L A 1
provi ded. éﬂgtégﬂtafﬂégniﬁfgifﬂéhéIﬁ%%ing of the interface between the
refrigerant and the refrigerating machine oil is promoted,
10 thereby promoting the dissolution of the refrigerating
machine o0il in the refrigerant. Consequently, the return of
the refrigerating machine o0il detained in the container to
the compressor is promoted, and the reliability of the
compressor can be enhanced.
15 In the refrigerant circulating apparatus in
accordance with the sixth aspect of the invention, since the
liquid accumulating container is interposed between the pair
of pressure reducing devices, the refrigerant can be
accumulated irrespective of the flowing direction of the
20 refrigerant, and since the container is disposed in a high-
pressure liquid section, the refrigerating machine oil is
dissolved in the refrigerant, and can be returned to the
compressor without being detained in the liquid accumulating
container.
25 Since the pressure reducing device on the low-

pressure side is controlled, it is possible to obtain
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75 out fromthe outlet at the | ower portion, the oil can be returned to
the conpressor with a sinple arrangenent, and the reliability of the
conpressor can be enhanced. In the refrigerant circul ating
apparatus in accordance with the fifth aspect of the invention, since the
refrigerant in the container is agitated by inparting a change to the
state of the refrigerant which flowed in from the container inlet, the

m xi ng of the interface between the refrigerant and the refrigerating
machi ne oiteqwirgdmuperheating cmand rthetdegreach o fisspenheiadingf inhdéhe
refrigerating machine oil in the refrigerant. Consequently, the return of
the refri guehion bindtheconpresacn ean he ventasilgdetherebyt makdsgpr essor
is pronoted, and the reliabiljity of the conpressor can_be enhanced.

In the ref¥t RASHPLS it RtHP AhAPRATATYS havddha s¥celdent cRerating
aspect of the invention, since the [liquid accunulating container is

i nt er pose® PRI he pair of pressure reducing devices, the refrigerant

b I [ [ f f.l ow ' Iy f.th
Cerriherant . ana. S ASERES Ry FIrRE e AROHBLLTH RO BBRER br essur e
i qui d : | fr . ) . e : :
rla]glrj: ge?grcﬁd, ar}ld.lF carf{ ?‘é{ Ltg{%?‘t#élg:%tlo g]hl?[h%cg%oer g}gggjq%?ghﬁﬁgeg‘gﬁkg%&gfai ned

in the | i quid anfBRld,"¢he We¥diGtion of the FetlgblatRhgSAdERIREIUCI Ng

device on the | ow
0oil in the refrigerant can be promoted.

Since the pressure reducing device on the high-

10 pressure side is controlled, it is possible to obtain
required subcooling, thereby making it possible to obtain an
apparatus having excellent operating efficiency. 1In
addition, since the amount of refrigerant accumulated in the
container and the refrigerant temperature are controlled, the

15 dissolution of the refrigerating machine oil in the
refrigerant can be promoted.

Further, since the pressure reducing devices on the
low-pressure side and the high-pressure side are controlled
in an interlocking manner, the degree of superheating and the

20 degree of subcooling can be simultaneously controlled to
appropriate values. Hence, the apparatus is able to fully
demonstrate its capabilities, and an apparatus having
excellent operating efficiency can be obtained.

In the refrigerant circulating apparatus in

25 accordance with the seventh aspect of the invention, since

the pressure reducing devices are controlled such that the
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pressure side is controlled, it is possible to obtain

76 required superheating, and the degree of superheating in the suction
by the conpressor can be controlled, thereby making it possible to obtain
an apparatus havi ng excell ent operating efficiency. I n addition,
since the anmount of refrigerant accunulated in the container and the
refrigerant tenperature are controlled, the dissolution of the
refrigerating machine oil in the refrigerant can be pronoted.

Si nce t he ldpsislre firdgeriang devithe oontiadnergbecopess Sempogsagd 1ys
controlled, it is possible to obtain required subcooling, thereby naking
it possi bleBpty olevem ifh a dargesamoundy ofg refrdigerat ingemachigeepilcisncy.
In addition, since the anount of refrigerant accunulated_ in the_ container

and the rdetaddeddn Sheecontadngre the retrdgerakdnggmashinei 8alokst he

refrigerati chine_oil in the refrigerant can be onot ed.

Furt her, ?#ﬂ%@g%h§°b&&§?hpgtréﬁﬁﬁ ed@%?&@%“&ﬁ Fﬁglagéxbp%§§§ﬁP¥ si de and
the hi gh-pressure, side are contraoll.e i n_an_interlockin er, the

degr €e of 8ﬁhé§tpﬁﬁsé%§et%€ T &dngYbFegﬁﬁgoganﬁe%ﬁﬁgﬁggg?ﬁﬁltaneously
controlIegmhgéngpgﬁgpriate val ues. Hence, the apparatus is able to fully
denonstrafe its capabilities, and an apparatus having excellent operating

cho o) o " aee b S onpant chRe LISy LOBEALaRl UL OO
accordance with the eighth aspect of the invention, since a
control valve which is controllable is used as the pressure

10 reducing device, and the control valve is controlled with the
lapse of a predetermined time after starting, the refrigerant
which is temporarily detained after starting can be
discharged, and it is possible to cope with a malfunction
such as the "sleeping" of the refrigerant.

15 In the refrigerant circulating apparatus in
accordance with the ninth aspect of the invention, since the
refrigerating machine o0il can be reliably returned to the
compressor without detaining a large amount of refrigerating
machine oil in the liquid accumulating container, proper

20 lubricating and sealing functions can be maintained for the
compressing elements of the compressor, and a highly reliable
product can be obtained.

In the refrigerant circulating apparatus in
accordance with the 10th aspect of the invention, it is

25 possible to obtain an efficient apparatus which does not

cause a decline in the efficiency of the heat exchanger and
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the pressure reducing devices are controlled such that the

77 liquid refrigerant in the container becones tenporarily enpty, even if
a large amount of refrigerating nachine oil is detained in the container,
the refrigerating machine oil is allowed to flow out fromthe contai ner
reliably, thereby meking it possible to reliably return the refrigerating
machi ne oil . In the refrigerant circul ating apparatus in
accordance with the eighth aspect of the invention, since a control valve
whi ch i s cehicbl fababkléestasexpandtthke prestol rangeci tifedehy cssakimgl ithe
control valve is controlled with the |apse of a predetermned tine after
starting, P%%si%$$iB@r%h@aimhﬂ%hefgiQ%%%gr%PP4yaﬁ%$ained after starting can
be discharged, and it. is possible to cope with a mal function such as the

"sl eepi ng" of the }erthecrefgigerant cirqylating APRYeAHRE I rcul ating
apparatus in accordange with ct, of,the inpvention, since the

(el 11 ger andTEPHIEAALER Ea %ﬂ&%%fﬁ??ﬁﬁ%ﬂnﬁnﬁwf Ry

. J . : : int
QUi 8 acctihi 18 1 FeetEhite FEFSS R Y T PR Lh Tt HhRAT ons
can be m'%%:cgff ég% %%eregg‘g%f%%%%%ﬁupnts of the conpressor, and a

hi ghly rel produ can In the refrigerant

Ic![ ricgl ating appar 3{Ssejd r@ﬁclogtéiaaﬂﬁ? é’!f&féﬁfp&té{bms ofy the invention,
accordance with the 12th aspect of the invention, since the-
efflux of the refrigerating machine oil used in lubricating

10 and sealing the compressor to the condenser, the liquid
accumulating container, and the evaporator'is suppressed, the
refrigerating machine 0il which flowed out can be reliably
returned to the compressor, and the heat exchange efficiency
of the condenser and the evaporator is prevented from

15 declining. |

In the refrigerant circulating apparatus in
accordance with the 13th aspect of the invention, even in a
case where a large amount of refrigerating machine oil is
transiently discharged from the compressor, the refrigerating

20 machine oil can be reliably returned to the compressor
without being detained in the receiver.

In the refrigerant circulating apparatus in
accordance with the 14th aspect of the invention, in the
manufacture of the compressor, an airtight test can be

25 performed safely and reliably.

In the refrigerant circulating apparatus in

- 78 -
This Sheet Has Been Reﬁaced

ARAMER




possible to obtain an efficient apparatus which does not cause a decline
in the efficiency of the heat exchanger and
78 which is able to expand the control range, thereby making it possible

to obtain an efficient apparatus. In the refrigerant circul ating
apparatus in accordance with the 11th aspect of the invention, since the
oil is caused to dissolve by making the oil droplets finer, the oil can be
recovered reliably. - In the refrigerant circul ating apparatus in

accor danceaatcdidatmee M2t th adpeciSti ddpecthwehttilem, inventeidine evdd |1k aof t he
refrigerating machine oil used in lubricating and sealing the conpressor
to the condefsigeratiing inpdhine criimwhitdnhasmanswlubiliky ox ea@giorator i s
suppressed, the refrigerating nachine oil which flowed out can be reliably
returned tePluRikibpriyshe refrigerantundemh arpdetermingd conditinns
condenser and the evaporator is prevented from_-declining. |, In the
ref ri ger ankts 4994 dthe Fefpganatding maghigi) fide Gan be e listhi®ispect of

the invention, even in case where a_large anqount of refrigerating

machi Pie. 0i TERUINed e &G ety T schBARRERYS Ha Pehfhrass ARPaTHws 1
refrigerati,n chine oil_can Je.reliably r.eturned t he .conpr essor
without bETHERICHE CRPERESSaE o gty rerianled dnd tror Sorilll 50
CirCLHEHirﬁbéﬂg§ﬂéﬁé55i%lfég§¥¥€§%gaq\M th the 14th aspect of the invention,

in the manufacture of the conpressor, an airtight test can be
In the method of assembling a refrigerant circuit in

accordance with the 16th aspect of the invention, since the
10 temperature or the pressure of the refrigerant in the liquid
accumulating means is set such that the rate of solubility of
the refrigerating machine oil in the liquid refrigerant
inside the liquid accumulating means becomes approximately
equivalent to or higher than the oil circulation rate of the
15 'refrigerating machine o0il which flows out from the compressor
to the refrigerant circuit during operation, it is possible
to simply assemble the refrigerant circuit which facilitates
the recovéry of oil.
In the refrigerant circulating apparatus in
20 accordance with the 17th aspect of the invention, as a
measure against the ozone-layer destroying Freon in air
conditioners, refrigerators, and the like, it is possible to
provide a measure by performing the operation of replacing
only the refrigerant and by changing only the settings of the
25 controller without changing the refrigerating machine oil.
Thus, since prbcessing can be provided simply, it is possible
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performed safely and reliably. In the refrigerant circul ating
apparatus in 79 accordance with the
15t h aspect of the invention, even if a refrigerating nachine oil which
has nonsolubility or weak solubility in the refrigerant under
predeterm ned conditions is used, the refrigerating nmachine oil can be
reliably returned, so that it is possible to obtain an apparatus i which
the conpressor is highly reliable and for which maintenance is
facilitateto provide an reffectistd onbasiuiss stoxh|they envieforimgntak circuit in
accordance wth the 16th aspect of the invention, since the tenperature or
the pressupeotgctiensefrigerant in the liquid accunulating neans is set
such that the rate of solubility of the refrigerating machine oil in the
liquid refrigerant inside the Iiquid accunul ati ng neans becones
approximately equivalent to or higher than the oil circulation rate of the
refrigerating machine oil which flows out fromthe conpressor to the
refrigerant circuit during operation, it is possible to sinply assenble
the refrigerant circuit which facilitates the recovery of oil. In
the refrigerant circulating apparatus in accordance with the 17th aspect
of the invention, as a neasure agai nst the ozone-|ayer destroying Freon in
air conditioners, refrigerators, and the like, it is possible to provide
a nmeasure by performng the operation of replacing

i



only the refrigerant and by changing only the settings of the controller

w t hout changing the refrigerating machine oil. Thus, since processing can
be provided sinply, it is possible 80
to provide an effective measure for the environnental ngg%&ﬁ&gé&hR o

81 What is clainmed is: 1. Arefrigerant circu

having a refrigerant circuit in which a conpressor, a % ﬂ!
pressure reduci ng device, and an evaporator are consecu ed by

refri ger arthat pigs clemimed dfgd gerant circul ati ng apparat us conpr|3|ng

a liquid accunul ati ng contai ner connected between said condenser and said
pressure reduci ng ldevik gsfaigeraati g regilatdngplapparatus| daving ian
suspended form by using a refrigerating machine oil which exhibits
nonsol ubi IFefrigerant; ¢ igead ts dinuwhicly 8 FOMPIRSSOT ra & HORAGRSKTIgik  of
solubility of the refrigerating machine oil in a liquid refrigerant under
condi ti oné"iﬁsmm‘w@% SeVI e /o fBd B BITABOTG eg LYRL¥N

i gt of CRRARAd (57 AR ERTaRn BIERRn g Ak FORFISRE Y FAEIgEARS

apparatus comprising:
a liquid accumulating container connected between

said condenser and said pressure reducing device for allowing
0il droplets to flow out in suspended form, by using a

10 refrigerating machine oil which exhibits nonsolubility or
very weak solubility in terms of a rate by weight of
solubility of the refrigerating machine oil in a liquid
refrigerant under conditions of condensing pressure and
condensing temperature and which exhibits nonsolubility or

15 very weak solubility in terms of a rate by weight of
solubility of the refrigerating machine oil in the liquid
refrigerant under conditions of evaporating pressure and
evaporating temperature, and which has smaller specific
gravity than the refrigerant.

20 2. A refrigerant circulating apparatus according to
claim 1, further comprising:

means for changing over a flowing direction of the

refrigerant, said liquid accumulating container for allowing
the oil droplets to flow out in susgended form being

25 connected between said condenser and"said pressure reducing

device on a flowing side where the refrigerant becomes
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refrigerant under conditions of evaporating pressure and evaporating
tenperature, and which has smaller specific gravity than the refrigerant.
2. Arefrigerant circulating apparatus accordlngg‘ﬂ claim1l, further

conpri si ng: means for changi ng over eén of the
refrigerant, said Iiquid accunulating containe ] t he oi
droplets to flow out in suspended form being en said
condenser and said pressure reducing device on a flownng S|de where the
ref ri ger antSurRIdfes surpl us.

3. Arefrigerant C|rculat|ng apparatus having a refrlgerant circuit in
whi ch a conpressor; ‘neén§e¢6#géﬁaﬁ§|ﬁngEQéFlagfPﬁﬂﬁﬁgtﬁﬁrbéVRag éf a

refrigerant .condenser,, a, pair essure reduci ng devices, and an
evapor at or lﬂﬁﬁiﬁ&c&ﬂFF€P§ &BnW@éngab§°N?FP§§8FanFeBPﬁe§°rs&P&nglng
refrigerant C|rcu ara ys co

accunulatlﬁa Ebﬁt Fﬁﬁgéﬂnbegaéeﬁegg&BErBPﬁssGrE°ngﬂ5ﬁﬁg Bevi ces,

b |, which hi,b I b
woak S0 ube o 2R ?%seofeg'u?ipﬁ' B akRgn: 288 B GRAPPERERE pRE |
refr1 ger &t LaRsHRaRINE1Y LohlieRebiduyI-CoLE LasRAN pUpder Lhgg condi tions of

condensi ng pressure an ondensi ng eérature gxhi bits

1ol ebpeapeny skaatahy e sentsemethasgin v o1 o
under the conditioas19quid accumulating container interposed between
said pressure reducing devices, by using a refrigerating
10 machine oil which exhibits nonsolubility or very weak
solubility in terms of a rate by weight of solubility of the
refrigerating machine o0il in a liquid refrigerant under the
conditions of condensing pressure and condensing temperature
and which exhibits nonsolubility or very weak solubility in
15 terms of a rate by weight of solubility of the refrigerating
machine oil in the liquid refrigerant under the conditions of
evaporating pressure and evaporating temperature.
4. A refrigerant circulating apparatus according to
claim 3, wherein refrigerant pipes at an inlet and an outlet
20 of the refrigerant into and from said liquid accumulating
container are inserted into said containér from a lower
portion thereof, and the refrigerant inside said liquid
accumulating container is allowed to flow from below to above
and is agitated.
25 5. A refrigerant circulating apparatus according to

claim 3 or 4, wherein the refrigerant inside said liquid
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evaporating pressure and evaporating tenperature. 4. A refrigerant
circul ati ng appar at us mgg{egi}ﬁ@m p‘ﬁcéli m 3, wherein refrigerant pipes at

an inlet and an outl et R? rant into and fromsaid |iquid
accunul ating contai nerlmgu[lmg ﬂﬂﬁfnt 0 said container froma | ower
portion thereof, and th nside said liquid accunulating
container is allowed to flow frombelow to above and is agitated.

5. Arefrigerant circul ating apparatus according to claim3 or 4, wherein
t he refri gecawmlatdinge coatdaineguiig agitated by changing a state of a 83
accunul ating container is agitated by changing a state of a phase of the
refri ger aPhage gfstheerefrigexapteorhar s6atg: Of Pressurenthecesfipt a
refrigerant flqows in froman inlet pipe qof said Iiguid accymul ati ng
containerFP@Ft&8€uW895Fiﬁ&esEPgF&QerPéFrﬁéQVEnFP from an iglek Pipe Q&r ant
circul ating .apparatus _according to claim3, 4, or 5 urther conprising:
ot eact ShddhRighsdssPERRHaELpel RhKAIRET: SPT AGFRBPLAG A% AHEBOFFNG
char%pterE%Ekﬁggggﬁg corresponding to a degree of subcooling of the
refri‘gerant at “an outlet of said condenser and superheating detecting

e o “Chmce A B FUPE fERbhpocSPELIEL L hpbtaL U SoELERRRNCEDD o o
cal cul ati ggaiRA8s 9T op2bGUkALLREracHfpLabing:W th a
at least one of subcooling detecting means for
detecting a subcooling characteristic value corresponding to

10 a degree of subcooling of the refrigerant at an outlet of
said condenser and superheating detecting means for detecting
a superheating characteristic value corresponding to a degree
of superheating of the refrigerant sucked into said
COmMpressor;

15 | calculating means for calculating a deviation with a
targeted value corresponding with at least one of a result of
detection by said superheating detecting means and a result
of detection by said subcooling detecting means; and

controlling means for controlling a control valve of

20 at least one of said pressure reducing devices on a high-
pressure side and a low-pressure side on the basis of the
result of calculation by said calculating means.

7. A refrigerant circulating apparatus according to
claim 3, 4, 5, or 6, wherein a control valve which is |

25 controllable is used as said pressure reducing device, and an

area of an opening in said control valve is controlled such
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targeted val ue corresponding wwth at |east one of a result of detection by
sai d superheating detecting neans and a_r L&gtion by said

ul B%ctil
subcool i ng detecting neans; and h ans for controlling a
control valve of at |least one of said p Ehmmlm ng devices on a high-
pressure side and a | ow pressure side on he result of

cal cul ation by said cal cul ati ng neans. 7. Arefrigerant circul ating
apparatus according to claim3, 4, 5 or 6, wherein a control valve which
is controlthat ethe Lispid sresfat iegaraasts Uire sadidl ontaimar decviesan area of
an opening in said control valve is controlled such t hat the
liquid ref rierperarily smptxont ai ner becomes tenporarily enpty

8. Arefrigerant circulating apparatus according to claim?7, wherein said
control val ve whi cB+ s & &ffrdigenant circydatiag appargtussaceorddog tg

devi ce, and .sai d.control valve is controlled with the | apse of a .
pr edet er ni e zﬂthteé?eu%tsz?r‘tq Gentrol valvegwhichods gentmoldiabdel dsi ng

appar at us g@%ﬁ | NQ:. a_refri,gerant .circuit, in which a conpressor,
a co?lgdensglr, aa;gai%%‘l& BEeSS erreéﬂi‘ﬁ ; g%t?é(\?f’@es and, § COPLEOLavavEr e
consecuti val t refrigerant. pigpes; ..aJiquid
accunulatiﬁﬁycon{algégg%$é§whg&e?§aggfbgfrgfPF&gpgﬁFm&PFQUFngOFfter
accunul ati g a3-tigly,i gerant and a refrigerating machine oil which exhibits
nonsol ubility or “very weak solubility in a liquid refrigerant under

condi tions 9. A refrigerant circulating apparatus comprising:
a refrigerant circuit in which a compressor, a
10 condenser, a pair of pressure reducing devices, and an
evaporator are consecutively connected by refrigerant pipes;
a liquid accumulating container provided in said
refrigerant circuit for accumulating a refrigerant and a
refrigerating machine oil which exhibits nonsolubility or
15 very weak solubility in a liquid refrigerant under conditions
of condensing pressure and condensing temperature and under
conditions of evaporating pressure and evaporating
temperature with respect to the refrigerant which circulates
in said refrigerant circuit; and
20 . olil-solubility-rate setging means for setting at
least one of the temperature and pressure of the refrigerant
in said liquid accumulating container such that a rate of
solubility of the refrigerating machine oil in the liquid
refrigerant inside said liquid accumulating container becomes
25 approximately equivalent to or higher than an oil circulation

rate of the refrigerating machine oil which flows out from
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of condensi ng pressure and condensi ng tenperature and under conditions of
evaporating pressure and evapor aftid¥heet HRHE! HES wWth respect to the

refrigerant which circulates in t circuit; and
oil-solubility-rate setting means Mm | east one of the
tenperature and pressure of ther said liquid accunul ating

container such that a rate of “solubility of the refrigerating machi ne oi
inthe liquid refrigerant inside said |iquid accumul ati ng cont ai ner
becones anpidxiompréysertioaseid refnigéraiercitantduringiopartation
rate of the refrigerating nmachine oil which flows out from

85 said conpressok0i o Aarefriderant airaikating Apparptyse@adanding to

10. A refrigerant circulating apparatus according to claim9, wherein
pressur e r‘égikl\" n Feexein presure eduding Aepiees axe Fespartivelyr said

liquid accupul atin refrigerant circuit for

cont ai ner I sposed.in, saj
accumul at | HFRIRLd a¥?$9’§%r%ﬂ ,a’g‘?ﬂ)‘ptsrﬂa‘-q i AeF HridE R F e

Feduchng. FAIRRAS i TS SRR S AR R Yt tad Rl ng
hi i ot , A Lt Lati
Cont ai ner TRiisads Tt ORABENLL i Wdeaddh BT 7 1
. | ati + , - , . ;
ai d comprmisiding 1 d I RRENIE Bl CSHERAG e e By
said pressure reducing devices such that the rate of

solubility of the refrigerating'machine oil in the liquid

10 refrigerant inside said liquid accumulating container becomes
approximately equivalent to or higher than the oil
circulation rate of the refrigerating machine oil which flows .
out from said compressor to said refrigerant circuit during
operation.

15 11. A refrigerant circulating apparatus according to
claim 9, wherein means for making oil droplets finer is used
as at least a pre-stage pressure reducing device of said
pressure reducing devices disposed respectively before and
after said liquid accumulating container.

20 12. A refrigerant circulating apparatus comprising:

a refrigerant circuit in which a compressor, a
condenser, a pressure reducing device, and an evaporator are
consecutively connected by refrigerant pipes;

a liquid accumulating container provided in said
25 refrigerant circuit for accumulating a refrigerant and a

refrigerating machine oil which exhibits nonsolubility or
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11. Arefrigerant circulating apparatus according to claim9, wherein
means for making oil droplets fingg;ks.458 s at |east a pre-stage
pressure reduci ng device of said cﬁb devi ces di sposed
respectively before and after sai mmgug | at i ng cont ai ner.

12. A refrigerant circul ating appar g: a refrigerant
circuit in which a conpressor, a condenser, a pressure reducing device,
and an evaporator are consecutively connected by refrigerant pipes;

a liquid agsmtbesdk N NIBE B HErimrao Vi g d neefit tjerait igalantcondglidnd or
accunmul ating a refrigerant and a refrigerating nmachine oil which exhibits
nonsol ubi lof ywandensing pressure and condensing temperatifre arei yundeak
solubility in aliquid refrigerant under conditions of condensi ng
pressur e amhditnidensiof) ewaprating pressuierand eyaparatingf evaporating
pressure and evaporating tenperature with respect to the refrigerant
whi ch ci r cigmpesatune, widih regpaqferthithe xefrigerant which Ciﬁquglﬁi’@ti/eri ng
means di sposed jn an interior of said conpressor or on a discharge side of
sai d Tonprids KAid Frefnigrratdy GiFitciandi ation rate such that the oil

circulation rate of,.the refrigeratin chine pil which flqws t f.rom
sai d conpr essor t @HakPIOYERING Ieard GAFRORAS (1M Al JAERTLAT Hde SRl
appr oxi mat el uj val ent _tao oyf, | r th a t. which the diguid

O e o RS i ar 1o chiad e, o€ Hetid eobirebadic sodlh,

refri geratf%m@ia}p o:ﬁi It':;i.::'culation rate such that the oil
circulation rate of the refrigerating machine oil which flows

10 out from said compressor to said refrigerant circuit during
operation becomes approximately equivalent to or lower than a
rate at which the liquid refrigerant inside said liquid
accumulating container dissolves the refrigerating machine
oil.

15 13. A refrigerant circulating apparatus according to
claim 4, 5, 9, 10, 11, or 12, wherein an inlet pipe for the
refrigerant to flow into said liquid accumulating container
from said refrigerant circuit and an outlet pipe for the
refrigerant to flow out from said liquid accumulating

20 container to said refrigerant circuit are arranged with their
respective pipe openings disposed in a lower portion of said
liquid accumulating container, and are arranged to allow the
refrigerant to flow directly from said inlet pipe into said
ocutlet pipe.

25 14. A refrigerant circulating apparatus according to

claim 3, 4, 5, 9, or 12, further comprising:
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13. A refrigerant circul ating apparatus according to claim4, 5 9, 10,

11, or 12, wherein an inlet pipe for th rigerant to flowinto said
liquid accunulating containélns rigerant circuit and an outl et
pipe for the refrigerant to said liquid accunul ati ng
container to said refrigerant rranged with their respective

pi pe openi ngs disposed in a Iomer portion of said liquid accunul ating
container, and are arranged to allowthe refrigerant to flowdirectly from
said inlet pipe i exgagingtpertivmpalisposed on la dischdrgeresixie pipe
circulating apparatus according to claim3, 4, 5, 9, or 12, further
conpri si ngef said compressor and having a change@TOutSLde dlame@ﬁgagtng

portion disposed on a di scharge-side pipe of said conpressor and having a
changed outR® RiRFanmeter of the pipe. 15. A refrigerant

Cefrigerat ?@Eﬂ:ﬁ?&:ﬁ; Ko fuldhans, LO. fﬁqquw@l@?ﬁﬁ%ﬁkg lr G rdtR esir/eﬁ'nnL h'e
ir.eZE.e "ottt bt dmder 1ned cotiiH o %’rge § e o oftatie Harrdhd "
Sol ubi 11 1 3°’if T ORIy b veif Med€ kol i Ay whehadlfedt to o
pressure aih %é dik, Wrﬁé”faﬁ@'ﬁig whigitt b#Md81ubility in'&nd

met hod of asse a refrigerant circui
liquid refr;gerant under the condzt;ons of condensing

pressure and condensing temperature being 0.5 - 7 wt%, and

10 its rate by weight of solubility in the liquid refrigerant
under the conditions of evaporating pressure and evaporating
temperature being 0 - 2.0 wt%.

16. A method of assembling a refrigerant circuit,
comprising the steps of:

15 providing in said refrigerant circuit liquid
accumulating means for accumulating a refrigerant circulating
in a refrigerant circuit in which a compressor, a condenser,
a pressure reducing device, and an evaporator are
consecutively connected by refrigerant pipes;

20 sealing in said refrigerant circuit a refrigerating
machine 0il which exhibits nonsolubility or very weak
solubility in a ligquid refrigerant under conditions of
condensing pressure and condensing temperature and under
conditions of evaporating pressure and evaporating

25 temperature; and

setting at least one of the temperature and pressure

- 87 -

llIIIIIi iIIIIi IIIII ||I|| Ii lIlI



conprising the steps of: providing in said re r.i erant CIrCUIt
liquid accunulating neans for accumulating a refrige in a
refrigerant circuit in which a conpressor, a condenser,

reduci ng device, and an evaporator are consecutively

refrigerant pipes; sealing in said refrigerant CIrCUIt a
refrigerating mnachine oil which exhibits nonsolubility or very weak
solubility in aliquid refrigerant under conditions of condensing pressure
and condensf nghe ergfrigerantinin usalbd 1igwid t acesmelatingoneansgspekssur e
and evaporating tenperature; and setting at | east one of the

t enper at urthatda prate g solubility of the refrigeraningmachineieid din
accunul ating means such_that a rate of solubjlity of the refrigerating

machi ne oi ¥he nliqwid | refxigerant gwen%me i $1%+‘éle135%‘il%ld | FeNTmu R ELRG | BRARY

means becones appr oxi naj el U|vaJe to or her t han an oi

circul ati TR oﬁpﬁﬂx%g?b‘gr%ﬁ‘fh‘ﬁa HhitR ?ﬂ:l 1%}P?ﬁvsano‘h’tlf rom
d t t t. . d

A et hod (TLERUABHTA Fate it SIS Faftgetas ind b@%w@%ﬂ gl oy

changi g il kgl 414 tRleddL 6 ngf&'féfplq,%%t (ELEd O Al g oul

in which a conpressor, enser, a pressure evl ce,
gygporatoropéggkidﬁpu d accunulatlng nmeans for accunulatlng a refrlgerant

17. A method of assembling a refrigerant circuit,
comprising the steps of:

10 changiﬁg a kind of refrigerant to be circulated in a
refrigerant circuit in which a compressor, a condenser, a
pressure reducing device, an evaporator, and liquid
accumulating means for accumulating a refrigerant are
consecutively connected by refrigerant pipes from a sealed

15 'refrigerant to another refrigerant;

continuing to seal in the a refrigerating machine oil
sealed in said compressor even if the kind of refrigerant is
changed; and

setting at least one of the temperature and pressure

20 of the refrigerant in said liquid accumulating means such
that a rate of solubility of the refrigerating machine o0il in
the changed refrigerant becomes approximately equivalent to
or higher than an o0il circulation rate of the refrigerating
machine oil which flows out from said compressor to said

25 refrigerant circuit during operation in a case where the rate

of solubility of the refrigerating machine oil is lower than

lIlIIIIl IIlIII il lIIII il
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consecutively connected by refrigerant pipes froma sealed refrigerant to
anot her refrigerant; continuing to seal in the a refrigerating
machine oil sealed in said conpressor even if the kind of refrigerant |s

changed; and setting at |east one of the tenp&righeetdlag
of the refrigerant in said liquid accunul ati ng neans su
solubility of the refrigerating machine oil in the cha

becomes approxi mately equivalent to or higher than an oil C|rculat|on rate
of the ref rihferall irawl@tiion aatenhi ch flows out from said conpressor to
said refrigerant circuit during operation in a case where the rate of
solubility of the refrigerating machine oil is |ower than
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