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DESCRI PTI ON REFRI GERATI ON SYSTEM TECHNI CAL FI ELD 5

[ 0001] The present invention relates to a

refrigeration systemhaving a refrigerant circuit

including a | ow stage conpressor and a hi gh stage

conpressor which are connected in series to performa

two- st age conpression refrigeration cycle. In

particular, the inventDESCREPEIQN to a mechani smfor

returning refrigeration oil to the conpressor. 10

BACKGROUND ART [ O0BEFRIGEBARIONeXSNMPEM of conventi ona

refrigeration systens perforns a vapor conpression

refrigeration cycle by circulating a refrigerant in a

refrigerant circuit. Another known exanple of the
TECHNIGEk FIEBR system of this kind executes a two-stage

conpression refrigeration cycle by conpressing. the )
(009 r | Hea arsentninversion: riates ta B [eSORIption, SySieH- Ravipg @ refrigerant
_conpression refrigeration systemincludes a | ow stage
circgisrineladisg ¢ lew gtage Epgpressagad adugh @ggf‘o?qmmwsewwg@sagg Feunected
_ gaseous refrigerant froman evaporator, is SPC ed intq h
in gegies| WwpeHere & SWRBERES ofoTR BsSKnpiEgEEtoR Fycle. In particular, the
. internediate pressure. Then, the refrigerant
invegBIBES P A MSAPAREN (G HFRIERG ORI 1 B° QePYEREy

to the high stage conpressor for further conpression.

The refrigerant di scharged out of the 20 hi gh stage

| sth d . Thus, th
BALHCROMIDARTcycl e To performed. [0004] The
(00pF G AStsimon arpmple, ot Peenipht (ke RPt Sk applngisa vapor
IREGCTR St SRS .
ko RARAF o kR PRy ot TR KERE BlypteS .t B e cpmpression
_ . o

reﬁ%p%?og&%ggfe %c\%g&;‘é%gﬁr ?lﬁgegf;égﬁ ﬁgelﬁ :CIJIP BJIV% étggessp::ies: ;n ed for
[0062&%. T8 Uh-Ghod NG bssidh L RRicLAITA" &S0k iﬁ%lﬁdﬁ%' la low stage

fema i Roal ow pr t he

ns accunmurat ed i essure“part o

oSSR AT U ol B Py It gsghs o o
evab&%’f@r is sucked into the low stage compressor and compressed to intermediate
pressure. Then, the refrigerant discharged from the low stage compressor is delivered to
the high stage compressor for further compression. The refrigerant discharged out of the
high stage compressor is then sent to a condenser. Thus, the refrigeration cycle is
performed.

[0004]  The refrigerant used in the refrigeration system is likely to dissolve refrigeration
oil used for lubricating the compressors. Therefore, the refrigeration oil contained in the
refrigerant gas discharged from the compressor is dissolved into condensate in the
condenser. When the refrigerant liquid flows into the evaporator and evaporates therein,

the oil is separated. However, unless the piping is designed for easy return of the oil to the

compressor, the oil remains accumulated in a low pressure part of the refrigerant circuit. In
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[ 0005] For exanple, Patent Publication | discloses a
refrigeration systemwhich includes an oil separator
and an oil return path. The oil separator separates
the refrigeration oil fromthe refrigerant discharged
fromthe high stage conpressor and the oil return path
5 returns the refrigeration oil to each of the_ high
thisavask, theveomtaepsosanpnad delyicated[enoag], whigh lsads to peizingtol them.
Publication 2 discloses another refrigeration system _
[000&)i chFori mxdmples PategaPublicption & efiselagesr 2 akiiggration system which
return path. The gas-liquid separator separates the | .
inclndés dnges} separstorand an pdrrwnepa;tb-ffheg@} SERETAr SepAtpige therrpfigeration
the | ow stage conpressor and the oil return path |
oil fremuthe sefrigeranedischgegedifrayn thg high stage cREPERssQN gng fhe oil return path
separator to the |ow stage 10 conpressor. Patent
retuppasthp sefrigeratian oibtmeach &f therhigh andhloRasrgecOMPEFEEs e
Pat ent Application No. H7-260263 Patent Publication )
[0096] pakisticat Pateny Rublication of sAiseiss | aneihes refidgergimma gegam which
15 DI SCLOSURE OF THE .| NVENTI ON Pgoblen15hat t he
includesengasdifuid sepgrates|apd ap e oeirrEpath phiegasliquidseparator separates the

refrjgeration systens agcordi to Patent Publication .
refragesgfign0il from the TSTFig S hreBatEsd AN 1o WO AEESoMBE aps B the ol

oil accurmulated |nh the | ow_.stage conpressor to th
retu At FEAS QB PP EEBHON P fBTDAE, ERrILT RORARCE ) tos low stage
fill additional refrigeration oil to 20 prevent the
COMTERCst age conpressor from sei zi ng caused by the

deficiency o he. refri ation qil in th i gh, st
Patyg  brGaGEn 1 EPBssEn o TR R JrneBesee PeBal B REon No.
H7fih%9 the refrigeration oil, which is di sadvant ageous
i :%he aspect of cost. [0008] The present invention

h . i j ' f it f i I An
AL L L S S
structure that makes it possible to 25 distribute the

refrigeration oil between the | ow and hi gh stage

DISCIBSE TP OF Tiﬂﬁm{wﬂm cating the conpressors with
a mnimum-anount o he refrigeration oil and _

Pm?ﬂ%}{gg%gb@g}nn{@dolﬁrigtg g@woccurring. 2 Means of Sol ving

[0007]  For both of the refrigeration systems according to Patent Publications 1 and 2, it
is impossible to return the refrigeration oil accumulated in the low stage compressor to the
high stage compressor. Therefore, it is necessary to fill additional refrigeration oil to
prevent the high stage compressor from seizing caused by the deficiency of the
refrigeration oil in the high stage compressor. Therefore, time and effort are required to fill
the refrigeration oil, which is disadvantageous from the aspect of cost.

[0008]  The present invention has been achieved in view of the foregoing problem. An
object of the present invention is to provide a simple structure that makes it possible to
distribute the refrigeration oil between the low and high stage compressors, thereby

lubricating the compressors with a minimum amount of the refrigeration oil and preventing

failure from occurring.
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[0009] In order to achieve the above-described object,
according to the configuration of the present
invention, refrigeration oil is returned froma | ow
stage conpressor (55) to high 5 stage conpressors
(11, 12). [0010] More specifically, a first aspect of
the present invention is directed to a refrigeration
system (1) having a refrigerant circuit (6) including
a | ow stage conpressor (55) and high stage
Meanspff Sdvingdhé Bigblés) whi ch are connected in series to
performa two-stage conpression refrigeration cycle.
[000%) [ OidflerThachieve thgabave-descebest ehjedt,19ccoudingerthe configuration of
i ncludes an oil return nmeans (70) for returning
the paientgeveativnreligeratioo miltib ectitmed Soagelovostpgesgapre(sss§SSs) to high
to the high stage conpressors (11, 12). [0012] To be
stagemompsgseansfll 12).n the refrigeration system (1)
including the refrigerant circuit (6) which perforns
[00t®le tMorss tspesifieadlirprae Sisit orspeedt of deer @rasewt éyenidon tipglirected to a
refrigeration 15 oil for lubricating the conpressors
refrigemationzystem) (1) having &l sefrigerant cirguit 40)einchudingea Jaywstgge gempressor
conpressor (55) where the pressure is low. Wth_ the
(55 pod drighe s8¢ [SEBRPERSFATE g&l,alf)owbld]h@e Goaneqterh imeeidss (9 perform a
accunul ated, in the | ow stage conpressor (55) is
tworsiaggroearpressioniefrigegHoB €¥ele conpressors (11, 12) by
the oil return neans (71). [0Q013] ,According to a
[005Hc onbhes s3fEigeratipn tSbfaemndc)n r@lﬁr Apgludesqag @il pReumy mepns (70) for

aspect,..the.low. 20 stage conpressor (55) | .
retuERiAg | i esation il o e oo g F%}EPY%FFP% o) it fhe high stage

hi h_ﬁprﬁis e part thereof and the oil return nmeans
Contpf%’)so's§ igured to return the refrigeration oil

00T B B PSR Pl B, Bt
) SR A o P SRR R 8 prin
ot s ERAFBREp TF, 0S55 [ AT 0o s

comPrés: Eso%ﬂ)wr’he%éa)\ ﬁ‘geegértegﬁgﬁ R Wgh 3hd Qﬁci\g-c?eﬁgel?%dl &;nglg'ul%tion, the

Fnvent € secona aspec

reﬁ{gﬁé&f{oﬂ o'ﬁezi%gﬁm(ﬂ%@d ih %@fogxy%t%dcoglﬁgéﬁgr @55 12h S Slodfe Righ stage

ow stage conpressor
compressors (11, 12) by the oil return means (71).

[0013]  According to a second aspect of the invention related to the first aspect, the low
stage compressor (55) is configured to accumulate the refrigerant oil in a high-pressure
part thereof and the oil return means (70) is configured to return the refrigeration oil
accumulated in the high-pressure part of the low stage compressor (55) to the high stage
compressors (11, 12).

[0014]  With this configuration, the refrigeration oil is returned from the high-pressure
part of the low stage compressor (55) where it accumulates to the high stage compressors
(11, 12) by the oil return means (70).

[0015]  According to a third aspect of the invention related to the second aspect, the oil
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i ncludes a pressure reducing neans (71) and an oi

return path (72). The pressure reducing neans (71)

makes the pressure in the suction side of the high

stage conpressors (11, 12) Ilower than the pressure in

the hi gh-pressure part of the | ow stage conpressor

(55) and the 5 oil return path (72) is connected to
returh mehng{VOp isemrovided parthe dischange bidevos thegewcwagsreesapessor (55) and

(55) at one end and to the suction side of the high X
incladesgepressupr edscing meads (712 ndyn bif petumi path (139, Ty pressiFereducing

reduci ng means (71) at the other end. [0016] Wth this
meano 71 )guekesi the pressize pr deswcdon sideof ity highstage rompraskass (11, 12)

the pressure in the suction side of the high stage
lowenthpn dsspressugelin, thd Rightmessure pratot the lpw stage campressdidSs) and the

10 high-pressure part of the |ow stage conpressor

oil 1eB5h pathn(@? pissoanectdddoths higharessuispagiaf thrclowntipgs wamprgssor (55)
the high-pressure part_ of the | ow stage conFres§Pr )

at opg 8nd prd & e seefioncidenel the bitgh Breesiompressos L2 by Jyagssing the
conpressors (11, 12) through the oil return path (72)

pressyisarsduaing maanssy bt theothetdindi ng neans (71). [0017]
According to a_fourth aspect of the inven '&g@gel ted .

[001&] t hWithithisicopBgyuation, theePredmire lféu%lflég@a%a& &t a\eé%‘issure n
is configured to accunul ate theé{]ieglri qerati on oil i

: il in a.

the guetion; Hde obrthe by Bagh eOPPEEWNT B awefaﬂﬁnttﬁ% pgpseure in the
oS o et 5 o TS R bR egrsin o
acc%réli, teeil%j%qg% g@%reﬁ%pﬁ pg %OW gtagezgzﬁ?rggﬁegs?%nggﬁs%%ﬁescted to the
L SR <S80 L O BB iy B

hi gh st ~ 12) by the oil t
Copfsi e FOpiE GOHOT EALEBP TRy o a 111t aspect of the

' ion..rel at he f i
[OOE hgﬁ?ﬁqu%g%lhg ’u:‘éjl 78?“1%@&1 igtv?fggég%ﬁﬁﬁﬁ;g&g?%% Ragtrhg '.eﬂrgtl agpect. the low
e e TN T N T S

dyci; h '

YR KL 90, JEJP ) USSPyt R oo

refrils_pt%}aﬁolnotyi'[3 Ec&fﬁﬂﬁatta{%é@eg%aﬂé Sflifk FJW s %Eﬂ?:oﬁlfpréshgcﬁ( d%}vtci) éhe high

age conpressor the oi[ return pat

m%&qgﬁﬁgggggRghgbﬁodone of the | ow stage conpressor (55)

at orie end "a the 4
[0018]  With this configuration, the refrigeration oil is returned from the dome of the

low stage compressor (55) where it accumulates to the high stage compressors (11, 12) by
the oil return means (70).

[0019]  According to a fifth aspect of the invention related to the fourth aspect, the oil
return means (70) is provided on the discharge side of the low stage compressor (55) and
includes a pressure reducing means (71) and an oil return path (72). The pressure reducing
means (71) makes the pressure in the suction side of the high stage compressors (11, 12)
lower than the pressure in the dome of the low stage compressor (55) and the oil return

path (72) is connected to the dome of the low stage compressor (55) at one end and to the
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suction side of the high stage conpressors (11, 12) by
bypassi ng the pressure reducing neans (71) at the
ot her end. [0020] Wth this configuration, the
pressure reducing neans (71) nmakes the pressure in
t he suction side of the high stage conpressors (11,
12) lower than the pressure in the dome 5 of the |ow
suctiomgislecaf1the digioptags Symprenwre{h d2) thiyebypassing theaprsiyre reducing
oi | accunulated in the done of the |ow stage
me@@r(ﬁl)e%ﬁ@rfﬂb@@dl s ejected to the suction side of t he
gh stage conpressors (11, 12) through the o
[002% ur Withathis confipunsijom dhe prgssoreredpeiag sreans S émqlfes the pressure in
nmeans (71) [00211 According to a_sixth aspect of the
the syeontsidsrofites highdtags cewer%uf@hld 12hiowgr thag the pressige By the dome

fifth aspect, the |ow sta corrpr essor (5 i nc

of the lgva Fiags cPPIEaNr {33g &b eger%tsshm?mm“&e}e the dome
connected parall el tg_each other he oil re

: (hFO)OWSSt%GnF‘"PIﬁBWéFd“t@S) ABtUeHE [ i’%f%uicﬁ%"rét oﬁ{J &He high stage
from on t | ow stage conpr 55a 0 the

COMPIEOB Gide 2} g‘fﬁ%‘éé‘&ﬁ el ryigim PQ@ O rbiitsr errSTagyy reducing

stzgﬁ conpressors (55a) being in charge of returning
efrigeration oiI to the high st age conpressors

[Ooéh dép?q;%l?lg the ?t gghﬁ)my oggr?%@](qagtz)t eg(s:ec%g third, fourth
or 1§ i te'flf‘e’%ﬁ?ﬂgﬁ@%lpﬁes?ml(%% fofyBE ERPLEEERY {aompressors
<55fo%‘3?zfgf?‘ﬁ”°ﬂ5?h“ﬁ?(’sp%rsﬁ?ﬁ§&?w Wi i b, 11 ired
retvgrg(flim}i’]eﬁr aé]eef‘% 1?)\%%8 élgegsté Jg%»gt g%g% ct)gvg)?%gg&@ %5’%22 tg %?c? high stage

T e IR B s
retu%lln 'He tré}flgjsr% gﬁ 1‘f19 'Hﬁ’g%egtg%p c&ﬁé@ssdr{‘ ﬁh"’lﬁ?eaddsthe oil return

ret rned sta ressors

medri} (t79} ﬁﬁ}{ldeél%ﬁq{eﬁ'v&g' ofths! Sﬁﬁ)hfoi?@@rﬁﬁﬁgnﬂfe ﬂeﬁrfgeration oil to the

I nvention, the refrideration oil Is gathered In th

low &%éE&ﬁﬁre%’ﬁRfv@ﬁsﬁrc}{aﬁaﬁomﬂhG Rad9owadd 1Jb%gbressors (55b, 55¢)

returned to the high stage conpressors

tth9@3&%sé%ﬁ@ﬁﬂ@ﬂﬁmkqsﬁnﬁﬁvﬁﬁk@ aspect of the |nvent|on
related to the first aspect, an oil separator (64) is

[00RZOVi Wath B} donBigHabiehahgeeffiblatied ofl Aecunfiated @gthe other low stage
conpressor (55) to trap the refrigeration oi

con%rlésébﬁ:r(SSH $3Qthihthel 10W stdprgRnRER6ESSAY i BRfgalitkehh® the low
stag?el conipe;'tesus:);] (55a) through the oil delivery paths (67a, 67b). Then, the refrigeration
oil in the low stage compressor (55a) in charge is returned to the high stage compressors
(11, 12). That is to say, according to the sixth aspect of the invention, the refrigeration oil
is gathered in the low stage compressor (55a) in charge, and then returned to the high stage
compressors (11, 12).

[0023]  According to a seventh aspect of the invention related to the first aspect, an oil

separator (64) is provided on the discharge side of the low stage compressor (SS) to trap

the refrigeration oil discharged from the low stage compressor (55) and the oil return
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5 neans (70) includes a pressure reducing neans (71)
and an oil return path (72). The pressure reducing
nmeans (71) is closer to the high stage conpressors
(11, 12) than to the oil separator (64) to nake the
pressure in the suction side of the high stage

eGSR e B PRI SgRL B0 i g . o
eSSl AR P Bed S o RS SILEI on
ot R USR8 05 45k PRSP o 1,
) BRSPS, HECURUR FFRRE o koctod Pngsapenits )
onf B RURE 1B, 7 3PUGECE oo Tl sy SRRSHAS st s
cnfeRSUEL 227y Gt RSERSE i e o s

[OO%@t urWz’tﬁ? i cgﬁ%%urat?%ﬂ AShBGul R JREIRS Méaks (MY takBOthe pressure in

ans (7 T e refrigeration oil is returned
the SEHBh NG of MY H3ERGS & SUTRERSBRY Og(ﬁiiE) foQvel Mian¥he ré&sk@@en the oil
compressors (11] 12%. EFFECT THE | NVENTI ON 15
separioL 84) Ph&leRed, R HAROMBN ALEAHRULNE tHeQuil EPaRE@ 64 is ejected to
invention, the refrigeration system (1) including the
the k&dtiondRAABE 116 higHi stageomiaésebrsanf P2y mhréuph thvwilsieags path (72)
conpression refrigeration cycle is configured such
byphdiaig thb prdsQire réRiciig eSO (71). Vhiss thel réfrl gekatloy oilds returned from the
accurmul ate in the | ow stage conpressor (55) where the
low3t8 SoimPrdssorl (88) toitBe high ytage dorhpssors (1d, IDw st age
conpressor (55) to the high stage conpressors (11, 12)
by the oil return 20 neans (70). Therefore, the high
stage conpressors (11, 12) will never be short of the
EFFECT QEBHEANVENTIONer eby el im nating the need of
filling additional refrigeration oil and saving tine
[00261d eAs described Alhdvie, adverdieg toi the patsenirinpéntion e trgigigeration system
since the refrigeration oil is prevented from being X
(1) docdudimgathed réfrigeraet Icoenis t(@) evivohppestosws thgshwo-stage compression
rotational resistance caused by the refrigeration oil
refrigeration cysle sis agpnfigoredr sechothat She fefrigesetirme @il Tigh i plikely to
25 systemis operated with inproved efficiency. [0026]
accyypulaiedinnie dowstagetaempiessepG8) Where the Dresseistis dow, is returned from
descri bed above, the pressure reducing neans é?l) IS,
the dow\Atagecommpresser B3 dndhedigh saeorompesiosnikl, dgé by’ the oil retum

conpressor (55
meansr?)m). Theref(ore, )the high stage compressors (11, 12) will never be short of the

refrigeration oil, thereby eliminating the need of filling additional refrigeration oil and
saving time and effort to fill the refrigeration oil. Further, since the refrigeration oil is
prevented from being accumulated in the low stage compressor (55), rotational resistance
caused by the refrigeration oil in the low stage compressor (55) is reduced. Thus, the
system is operated with improved efficiency.

[0026]  According to the third aspect of the invention described above, the pressure

reducing means (71) is provided on the discharge side of the low stage compressor (55)
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6 and the pressure in the suction side of the high
stage conpressors (11, 12) is made |lower than the
pressure in the high-pressure part of the | ow stage
conpressor (55). Further, the oil return path (72) is
connected to the high-pressure part of the | ow stage
conpressor (55) at one end and to the suction side of
and tthe presgine &t thgeuctiompsids ebthe High stage porbpressopnéidi, Ag) ishmade lower
pressure reducing neans (71) at the other end such
thart thatpredsereriefthé Qimhapressnreopdrt et therfowatags dompresser (55). Further, the
hi gh- pressure part of the | ow stage conpressor (55) is
oil reatru pathd72 )is tchendgtegho shealjeh-poessyre @oy of she( low, stage) compressor (S5)
such a sinple structure, tinme and effort to i
at opeleind Awhtl thy shétion sidecof the highgtagstdompresisers 41 b 124 by dyasssing the
the refrigeration system (1) is operated efficiently .
presgimelreducing means(7 Bras e othér andesuelethet therafrigsretionoil apgamulated in
0027] According to the fifth aspect _of the inventian,
the thigh-piesstise pert rafdibei lay stege somprepsori (§5hivistwagd dp thpdigh stage
di scharge side of the | ow stage conpressaor (55). and
compﬁ@svﬁégbd@- Witht seeh a siveple stuetiese tigre andetiarigle addiipmally fill the
compressors (11, 12) is made |ower than the reﬁ§yre .
refrigeratige oikaeesayed pnd theowftigessgionceysisme b8 ds opsmed efficiently with a
.Further, the oil_return path (72) is connected to the
mInyaHeE aﬁouph%f‘]héﬁ\‘?f@gg@%mb%‘ﬁpr essor (55) at one end and

00} "Sespripe &) paabingren o eS0T Be R anang g 71
s PRV g schireR SR TP Hids SRt Sob (BTl SiigRisure in the
suclioy Yiaypt edieh SGes poppresers B TR RIBARER R pporu n the
dorft i e BT e farbpretSfE (T e 4 88 ol USRI o o the
conff R R SR (85 o 05 CELELIEA L b e s
confio ') B B L s A8 SR PR (O . s
sl o 6 SRS B oS RTAR shllcheser 59

returieh toll%h ahrl egtggé] Sofbrebddts kftl\ével%.?g?th%@ raes?ﬁ@[esstﬁﬁtﬁg}, time and

IS In_CcC returning rigeration oi |

effd® HaHbralif96 @8 '}Pfigél%%ﬁ ofllabe sdveldl-andRd rdffigerhfiod ;.a}ysmn (1) is

'onger necessary to 25 return the refrigeratron oi
opefa&&ﬁfﬁefeml?twmemimtﬁgﬁme OfRE fSBigEGti6PER, 55b, 55¢)
0

e high stage conpressors (11, 12). Thus, the oi
[0028 Ur RedRdifg td The)sikih agsddt sVed ilvdntion, defipf @e plurality of low stage
compressors (55a, 55b, 55¢) are provided, the oil return means (70) returns the
refrigeration oil from one of the low stage compressors (55a) to the high stage compressors
(11, 12). The one of the low stage compressors (55a) is in charge of returning the
refrigeration oil to the high stage compressors (11, 12). That is, it is no longer necessary to
return the refrigeration oil from each of the low stage compressors (55a, S5b, 55¢) to the

high stage compressors (11, 12). Thus, the oil return means (71) is achieved with a simple

structure.
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structure. 7 [0029] According to the seventh aspect of
the invention, the pressure reducing neans (71) is
provi ded closer to the high stage conpressors (11, 12)
than to the oil separator (64) and the pressure in
t he suction side of the high stage conpressors (11,
12) is nmade lower than the Pressure‘in the oil .

(00283 parAcordiig 1) theFagrerite mspachef diel mmt@nnthganrhssgmzx)edugng means
connected to 5 the oil separator (64) at one end and

(71)tis pthedesideseoty tieddghostageeoniriregsorst(ilel 20 dhanrte dhopid s¢prtator (64)
12) by bypassing the pressure reducing neans (71; at

and threprssives irethd . sugtiorasifie ofithe, highstage empigesoat (1dn 18 15 made lower
trapped in the oil separator (64) is returned to

thanhihg Ipressergdn dlemeil separater (64 Furthen, theypil Fetemaratiy () ﬁ*bP@meCted to
structure, time and effort to additiqgnally fill the

the piéfenagaipn6idat onsi endzand te shecsnctipw sidnof ther hitly stage P%tﬁpressors 11,
system (1) is operated eff|C|entI with a m

12) dobypasong ttlmfe PFeSFUIE Jeduping meany (7THrgtpipe mﬁu @uacﬁﬂsult the
DRAW NGS [ 0030] [Flgure 1] Figure 1 is r ef er ant

refn(gmfaélen wildrapgedin B oAl JeerpidgdpRtS SHUTFE e 3?%1&'& SEER gompressors

nbodi t of th t
gl o o T i
e 3.s a Ml ljer chart

oil ?féf 531"5 raatiﬁgﬁ TElgerRtin P DS qnrERted ﬁﬁ%‘?w npith a minimum
) re, 4 is arefrigerant circuit diagram

mn&ﬁ“%ﬁ%@ﬂ?‘é@?ﬂ 8 system according 20 to a first

nodi fi cati on of the enbodi nent of the present

invention. [Figure 5] Figure 5 is a refrigerant

' j ' I jgeration system accordi ng
BW&%MW%&W@% t he enbodi nent of the
[OOLﬁf esent invention. [Figure 6] Figure 6 is a

éfri gerant circuit diagramof a refri gerati on system

RS Db % AR R P B o IR SAGFRA ocorting
toaﬁg&%g%&pgf{&%rﬁ&hﬁ im%gigﬁm of a refrigeration system
I'ng 0 the %lr

accor nodi fi cati on of the enbodi nent

[Fig%t'e i]he prl;(}‘gﬁﬁgh id By glﬁgljggfﬁent of an oil return means.

[Figure 3] Figure 3 is a Mollier chart of a refrigeration cycle according to the
embodiment.
[Figure 4] Figure 4 is a refrigerant circuit diagram of a refrigeration system according

to a first modification of the embodiment of the present invention.

[Figure 5] Figure 5 is a refrigerant circuit diagram of a refrigeration system according
to a second modification of the embodiment of the present invention.

[Figure 6] Figure 6 is a refrigerant circuit diagram of a refrigeration system according
to a third modification of the embodiment of the present invention.

[Figure 7] Figure 7 is a refrigerant circuit diagram of a refrigeration system according

to the third modification of the embodiment of the present invention.
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8 EXPLANATI ON OF REFERENCE NUMERALS [0031] 6
Refrigerant circuit 11 First conpressor (high stage
conpressor) 5 12 Second conpressor (high stage
conpressor) 55 Freezer conpressor (low stage
conpressor) 55a First freezer conpressor (low stage

conpr essor 55b Second freezer conpressor (|low stage
Ex}l‘l@%ﬁé@ﬂﬁ OF REFERENGENUMIRALSpr essor (I ow st age
conpressor) 10 64 O separator 67a First oil
[00%dual i zi ng pipe (oil delivery path) 67b Second oil
equal i zing pipe (oil delivery path) 70 QI return
6 medfefTiparaph @yl e regul ati ng val ve (pressure reducing

means) 15 72 return h BEST MODE FOR CARRYI NG

11 QHPIMEOIFIRR@QF ?@'ﬁh[sﬁé%?‘]’m Whaf ter, expl anation of
an enbodi nent of the tpr esent invention is provided

12\ ¢ pecong é?"éﬂ‘i?ésolr&hlghéag? EHAEESDrhe fol | owi ng

errb dinment is nas a preferable 20 exanple of the

53 p f@ﬁ%“i"ﬂ’%‘@??tsgoéﬁb&hﬁa@o PHEFVinit the invention and
SSat gte Fﬁ%&%?éer&fvm@%?wg@tr :fref CpEEac shown in FlG 1.

ccon] B PRRERIF Uoontirdh SIS o: el T as. col d
55°2tx§ agifg%%f?éfgff?%%’ OB SRS e The

ref %era i on system (1) includes a refrigerant
cir E}F tf reali zed by connecting an outdoor unit

673'(Z)Fléérz]oél:ﬁ%?}gﬁ{méjﬁbpg(6@2161“%13‘:84’@) storage unit (4) and

67b  Second oil equalizing pipe (oil delivery path)

70 Oil return means
71 Pressure regulating valve (pressure reducing means)

72 Qil return path

BEST MODE FOR CARRYING OUT THE INVENTION

[0032] Hereinafter, explanation of an embodiment of the present invention is provided
with reference to the drawings. The following embodiment is given as a preferable
example of the present invention and does not limit the invention and the scope of
application and use thereof.

[0033]  -Structure of Refrigeration System-

As shown in FIG. 1, a refrigeration system (1) of the present embodiment is used
for room air conditioning, as well as cold storage and freezing of food and drink. For
example, it is used in convenience stores. The refrigeration system (1) includes a
refrigerant circuit (6) realized by connecting an outdoor unit (2), an indoor unit (3), a cold

storage unit (4) and a freezer unit (5).
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9 [0034] The outdoor unit (2) includes first and
second conpressors (11, 12), an outdoor heat
exchanger (13) and a receiver (14). The first and
second conpressors (11, 12) are connected parallel to
each other and serve as high stage conpressors. The
first conpressor (11) is an inverter conpressor
[00%3palilte autdooamyiti(d) inbladenfiest and/secTnd cempisawre Grip A 2k 48 outdoor
(12) 5 is a non-inverter conpressor whose capacity is
heatf éxchengea (1Huandpaseceivar (i e fistyand 3o5pnd sompressqrg b, 12) are
on the discharge side of the conpressors (11, _12).
conBicsclhzaralle] po gresd offfer ah@ serye g hizbstags compresiors. irst compressor
connected to a first port of the four-pass sw tching
(11)\ia ke énvetts) compressor ¢apsblsif aaming the papagity chiseseaens gompressor (12)
sensor (81) and a pressure _sensor (82) are provided .
is amenvieetter emprasT adnse sagacity 19 fixed Y foyfeasy pipiiching valve (15) is
sw tching valve (15). The discharge 10 pipe.of the .
provifleds onc bapdischsrge pide)ofhthe eorprgssopy bl Fox iwqhelrge( pigss of the

The first and second _ conpressor 1, 12) have a
comprRsses i bilgb arecPpmeckl G 1 %be?fs@(é l]f?‘é"'@é%é‘ﬁ?&t‘%yaﬁ’%(ls)- An
_provided. An oil return pigf 18) connects chS ded
oil sgparatem (Mpd ternpgratuge SpRsOB;( )sé?fgraa?rﬁsufelé‘?nsgﬁ RHadge provi

H it (g A I e
e U e A AL e
comgSrensi G2 vevoaion pERSED. in i Bligh R S5 89 s provided
o BB ) e SRUBRY 2R PRt 15 o s

vl GO S0 BT RGO ot e e
the f,uz 5)rolf glféer e?]:gn% ?%@br\(/eggﬂ Q%‘fll)éat gﬁg%gg gf;f(‘l: %(I?glgts?%té(§lhﬁl?ﬁ é22) of the first
corfXBRREIE Ry oy o TP BRI PG Rar, ST Bre @b

0oL TR}l () o qBRETE9 ol Suonts o e s

swi{oc?x)ngh\)—eﬁ@e P%f) i § L ie%é??ig&?%) dtSoreaemiad the rékivet () via a

the refrigerant cl oser to the receiver

[ fikd BiRRid fib (250 the RE&iver1aNts connected to
mﬁ%%%%gﬁg%f?4gﬁéﬁigﬁ%ﬁg?énbpggig%d(x?th checﬁ %ggvgsconn

the c&Wbefallf pi?%_%@*)i A8 aébyi)h@vysﬁ (26?.51"166969‘11'&1@@15@6 t(26y ioprévided with an

receiver respéctive 0037] The suction pipe
eledidoflc Slpahdien ¢AMP(BIsors (11, 12) is connected to a
f

third port o
[0036]  The liquid pipe (25) of the receiver (14) is connected to a refrigerant pipe (35)
extending to the outside of the outdoor unit (2). The refrigerant pipe (35) is connected to an
end of the refrigerant pipe (24) closer to the receiver (14) via a refrigerant pipe (41). The
refrigerant pipes (41) and (24) are provided with check valves (CV) for blocking a flow of
refrigerant from the receiver (14), respectively.

[0037]  The suction pipe (17) of the compressors (11, 12) is connected to a third port of

the four-pass switching valve (15). The suction pipe (17) is provided with a temperature
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the four-pass switching valve (15). The suction pipe
(17) is provided with a tenperature 10 sensor (37). A
refrigerant pipe (38) extending to the outside of the
outdoor unit (2) is connected to part of the suction
pi pe (17) between the four-pass sw tching val ve (15)
and the tenperature sensor (37). [0038] A fourth port )
sensof (3Te A oefrigpasts pipei (B8hextgnding ve tifel ytside ofotha eptdagr tupit (2) is
arefrigerant 5 pipe (39) extendin? to the outside of
contidveedomtdetort thesuction)pipertld) betweep shesfosmpassrivitphingl vadve (15) and
(15) is swtchable between the first and second states
the Weyeratwredernset B¥). In the first state, the first and
second ports are communi cated with each other, and so_,
[00¥]e thdourth patt afitheffourpdss syisehing valve (KD is cewnegteditapgefrigerant
the first and fourth ports are comuni cated with each
pipeof39¢ exteadivg te cheapetsidnef dhe outdoemenit ()r Hhe fyurPassi gwitching valve
[0039] The outdoor unit (2) further includes an
(15)js swisehabledbetyes) the dirstraad gpaeyd atatesidgsqrihed belomy s pherfisgt state, the
exchanger (13) and a tenperature sensor (50) for .
firstsandsieaend perts @ppermueatest with gaeh giherjand spsadie third and fourth
i ndoor unit (3) perforns_indoor air conditiopin aqg
ports | thel sapond stafse Hisr fingeand fousth RT3 ate comypunicyie W&gé‘%ﬁc other, and
el ectroni c expansi on valve (43) and an i ndoor fan
so areqthy secppd and 1ifqRAIBr heat exchanger (42) is connect ed

[00?:93]: tr P’lg}@:é{;ééc%mn(t@é%:ﬁ% gg’qf?édeg{aﬂgﬁ?@ﬁg ?érﬁ-@?if?t)]rg%tsai%g air to the

ouost Pegarsiancel b @by mpgargmEonElh R ERang B Epprare of
and .the refrigerant pipe (39) are provided with

mn?@%ﬁ%rature sensors (45) and (46), respectively. A

e TR T T e—
TS AT by 10 i
ol g bl TR U BRI e
oy 4 (19 UG, e ALY
o 1 31408 95 20 i 28O s
pipf.iS g? ngg%\e’ﬂrg%Ge& YithRedn @ra&%@)ﬁ Edn9&s %) RARAB6Y, 3&bectiVeR. A0lethperature

cooling coil ( and theé refri‘gerant pipe
sendo3 31) is provided to sense the temperature of indoor air.

[0041]  The cold storage unit (4) is used to keep food and drink in cold storage and
includes a cold storage cooling coil (47), a cold storage electronic expansion valve (48)
and a cold storage fan (49). The cold storage cooling coil (47) is connected to a refrigerant
pipe (36) which is joined with the refrigerant pipe (35) at one end, and to the refrigerant
pipe (38) at the other end. The cold storage electronic expansion valve (48) is provided in
the refrigerant pipe (36). The cold storage cooling coil (47) and the refrigerant pipe (38)
are provided with temperature sensors (53) and (54), respectively. The cold storage unit (4)

further includes a temperature sensor (52) for sensing the temperature in a cold storage
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are provided with tenperature sensors (53) and (54),
respectively. The cold storage unit (4) further
i ncludes a tenperature sensor (52) for sensing the
tenperature in a cold storage 11 chanber. [0042] The
freezer unit (5) is used to freeze food and drink and
i ncludes a freezer conpressor (55) serving as a | ow
chargbesge conpressor, a freezer cooling 00|I (56), a
freezer electronic expansion valve and a freezer
(0042 (13.) fecrRounitdSb i vk © {18926 908 i kizBianch s el e
refrigerant pipe (59) branched fromthe refrigera
compregeor((38) sexviarg 5 raclom %j@geammwﬁ@r,(aa@?ezeb Fegitngckpik GSé?n a freezer
t he refrlgerant g 53 The freezer electr0@
electapis $EPHSIOPaYAlEE 555 ynd g figezer fapR8). Ehsofrergt wyjf (3) 15 ggnnected to
and the freezer conpressor (55) are cg ected i.n this.

a refiageant Pis59) brashad fspadhe srimecTanioRRe (3N apd 3 1sttigprant pipe (60)
braq(;ggc{; %gtpggleéggl@g?@[t E)I}Qrgl (ggéga@gi%ﬁbélég (H]?Q gggﬁ%miog valve (57), the

er ant

frecgeh R0Bl B ‘éwi?ééi%ie&ﬁ{ Besier §°@P€e&$§é§§)%{ e CARRISgpdpis order. The
e ias g 57 Gk SCERALELD 4R ARl o o
dischigr g dohe f%s%%r &mrﬁsﬁfgaqs%z%qn%%%%? thegfitdeff Bloe (60). &
emgsine S5 @15 duiond hliee{frghzzei |45 2o SGBEBAL Y Ermperature
st BB Pl s et b EA o T ﬁf%?é&é%ﬁ@éﬁ Bl o vee
betsgien $RY ¥eDd; LOSin V%'ng?s) Jl'aqhésv REAT Lo RRMLATSG) | eg%eeti@lsumt 5)

SEp arg

furtl\ql—ﬁ%(ﬁb(!legsae( nec e%r:@l?’ér @gf‘fo? @e&'ﬂgp@@ E&l?ﬂééWQn @GRkezer chamber.

sucti on

[0013lrjeez le dﬁ%ﬁ?ﬁ@&ﬁ% F’ ?35;:))/&?13%%11-' éﬁ[s W d3nfd §fe Qr@%}tef Sompressor

serving as a

capegﬁ@ 8?9%1’9%:{%6&1? GbRcheS YAE %bze?%ﬁﬁfp&%&ﬁﬂSS) ﬁéé%e&l ééﬂyh&tdrr(ﬂ) on a

reezer conpressor rough

dlsc'ﬁ!ﬁ%t‘: Pe Rh&&of. 6Be b %Qaﬁ%fp(@§5}fég zthy ofl féﬁﬂ‘ﬁr}ﬁ§§c(55) which is

sm (not shown) in the done and discharged in

con§&?&ieto d ﬁéhgﬁ Iﬂ%Q69ﬁ5ﬁhe HReslcomprestdiqSsio The BEGORBS pide (65) is
hi gh pressure part ‘as the high pressure refrigerant

provided 'vﬁﬁlhﬁ”cgfﬂjlafﬂ“ﬁib@' (169) $Rinly! £LE YPreBORPIESENY sySibrh. Refrigerant
configured to accunul ate refrigeration oil at the

suclet i@t dbive df @b fRdeass usBp@esde . (55 (digh A theshation ipipe (68) is
an enl argenent of Figure 2, a pressure regul ating

compids¥&l by 4 compressor mechanism (not shown) in the dome and discharged in space
inside the dome. Therefore, the dome becomes a high pressure part as the high pressure
refrigerant is discharged therein. The freezer compressor (55) is configured to accumulate
refrigeration oil at the bottom of the high pressure dome.

[0044] As shown in an enlargement of Figure 2, a pressure regulating valve (71)
serving as a pressure reducing means is provided in part of the discharge pipe of the freezer

compressor (55) downstream of the oil separator (64). This configuration is a characteristic

feature of the present invention. Refrigerant discharged from the freezer compressor (55) is
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25 serving as a pressure reducing neans is provided in
part of the discharge pipe of the freezer conpressor
(55) downstream of the oil separator (64). This
configuration is a characteristic feature of the
present invention. Refrigerant discharged fromthe
freezer conpressor (55) is 12 reduced in_ pressure
reduded in iptespars vehentih pasehthronghghe prageure regpiating vagve, iyl herefore,
(71). Therefore, the pressure becones |ower in the
the pressure heasimbs lowertih ghef suction side of thediat andrpsrangcompressars (11, 12)
12) than in the done of the freezer conpressor (55).
tharTfre ther dayneoé theefiaeden gompEssor 85). bkhe Presure Bxdlupipg megns may be
exanple, a capillary tube, an oil separator, filtgr
realigeghby fos pzcarapléh’e%apﬂi:ﬂay ube, 2 ¢l separpton palten ampEtles. pghpgk valve,

NUE AT L TINE IO ARG NE ST e
flow [0045] An qil return path (72) is connected to a

as resistangeepias’ the igrraRt{oWone of the freezer

10078 11 aroak FegRmcteth (TR EOHEHED loch PELIBRISTPG of The WOfhe of the

oSSR e L 0 4 TOE LR 08,1 0 1 e o

e e FRRRE S 3  FELAETPh U s

oe G TRRORESSS EOHEH SATE R CEA APy, e

SRR RS S M 08 e o

B BB S R PSEATOPE BBl S Hblon

(0058 P pifie TG Bl ALl vplvES nd RS S Botvely

008} e Sicp M Ref e A2 60 T O0 £l opened.

ACC ﬁ{ P(l) V\gllg?pg{]aﬁ)ﬁi 4€ ?&ﬁ%};ais@s@i , ir{gege{ﬂfcg 858 Bhtefs th:SL ﬁkét state where

(6) 0 g the arrows depicted in i gure

| \ | Qih i caclP BiHet, shdf 0Bl R third and
the?égﬂc?‘%ﬁcgﬁqq’f%g[%géolﬁgl]%%@%&gp‘ggifigal|y, t he e

foulftgfp'b}tg.efﬁé‘lzlegtir&ﬁ@ 2k Sdioh valpet ?Q) PR &ﬁ&ﬂfr%nﬁtl@? isl&lly opened.

condensed in the outdoor heat exchanger (13) and

Acddr@WBlyl E‘éfﬁﬁéﬂﬁﬁt eGRir¥@igefabf Lircdib €6) s bwapahé atrows Riepicted in
recerver (I4) flows out of the outdoor unit (2), and

Figin® 10EapRAGG0H GXtiRatifopdrtaas othiitdd frSh thd decrmtkah.
storage unit (4) and the freezer unit (5). The _

[00B&] T | BRE@Bheceidatly ethetibRigerant discharged from the compressors (11, 12) is
condensed in the outdoor heat exchanger (13) and flows into the receiver (14). The
refrigerant in the receiver (14) flows out of the outdoor unit (2), and is branched into the
indoor unit (3), the cold storage unit (4) and the freezer unit (5). The refrigerant entered the
indoor unit (3) is reduced in pressure as it passes through the indoor electronic expansion
valve (43) and then evaporated in the indoor heat exchanger (42), thereby cooling the

indoor air. The refrigerant entered the cold storage unit (4) is reduced in pressure to first

predetermined pressure PL1 as it passes through the cold storage electronic expansion
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indoor unit (3) is reduced in pressure as it passes

t hrough the indoor electronic expansion 25 valve (43)

and then evaporated in the indoor heat exchanger (42),

thereby cooling the indoor air. The refrigerant

entered the cold storage unit (4) is reduced in

pressure to first predeterm ned pressure PL1 as jt
valvg44®)dsee Figotegh), andshermevaperataddigdhesadd siomeecoalingeri] (). thereby

13 valve (48) (see Fi ure 3), and then evaporated in
coolingethe @irdn g goxagorhambeEoi | (47), thereby cooling

the air in the cold storage chanber. &$049 Furt her,
[004% e rfather sheareirigarentreaterechherfpesgstainit) is yagpcedsin Pfessme down

reduced in pressure down to second predeterm ne
to semogg pradstepnmed wrespure PL2gvkieh isqpyer than ftlilerirtst predetenmned pressure

AL DS TR i S BB TR i
redc EXBPE g p%?aééffn“%é%;e%%%?éﬁgﬁg B S dherana sapfing e air in
the frpiger Sharitge THigeBFat Spytom HE fiogestpiing aﬁﬁ?%@ e sz
BRET e o A e
Pres&f{e#ﬁﬁe‘?ﬁ%l by EEghePiant O iy T4 SHRPT (3 S5LEG vt e
s G 5l TSl AT O Mo e
oudhit i G f cfis e g ﬁ%ﬁli’%eis%%” LB BanBE ! B B igeran
flowige b3 gt i Bl Aok FRORERERSS (10t o it

[00§f@ aﬂ{’"fefxqgesr‘&ﬁt {h%ﬁe&'lﬁt‘éuéh@tdo rés%mrseﬁqaﬁﬁf is B Pms&d by the

sta conpression re ger at

com%}(e%kc?rsa@ ?QXMAHQI Eﬂa? ?% Qéﬁlﬁ\ﬂearduﬁhtlobhﬁ repeated. In this

rcul In the freezer unit

opefaidn, :IRI?O Et?%! g&ﬁé@gﬁ&f‘reﬁﬁéaﬁt{&p@%ﬁ ds"shbRf iR Fligure 3 is achieved in

separ at or returned to the suction pipe (68)

th &he bt (@t urn path (65), and then collected in
eﬁﬁﬁg ?ﬂéﬁzeﬁ onpressor (55). 20 [0052] By the effect

[00%f} t flﬁ tRE %%E%r%nlitegyl b irB@ig¥akive dil7ikappel e thy 618 SEpRatos (64) is
in the suction de of the high stage conpressors

retufnkd, toldb sﬁ@t@tﬁf@@e' (@9FWial M bil Padbrni path eS)dend® tiadn tdlkected in the
| ow stage conpressor (55). Therefore, when the

freeS& RRPreksAlsse (73) is opened, the refrigeration

[0052] By the effect of the pressure regulating valve (71), the pressure is in the suction
side of the high stage compressors (11, 12) becomes lower than that in the dome of the low
stage compressor (55). Therefore, when the solenoid valve (73) is opened, the refrigeration
oil which is accumulated in the dome over the predetermined height H is ejected to the
suction side of the first and second compressors (11, 12) through the oil return path (72)
bypassing the pressure regulating valve (71). Thus, the level of the refrigeration oil in the

dome of the freezer compressor (55) is maintained not to exceed the predetermined height

H. Further, the first and second compressors (11, 12) are prevented from being short of the
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oil which is accunulated in the done over the
predeterm ned height His ejected to the suction side
of the first and second conpressors (11, 12) through
the oil return path (72) 25 bypassing the pressure
regul ating valve (71). Thus, the level of the
refrigeration oil in the donme of the freezer
refriggrappeotor (55) is maintained not to exceed the
redeterm ned height H Further, the first and second
(003 npr-Effsefraf the Embedimeate pr event ed from being short of
the 14 refrigeration oil. [0053] -Effect of _the
Enbdesaiding tse\élaeopr@ﬁm empodimenp the ol retarmbEeReP) mah%S lt possﬂaie
oil return nmeans_(70) nmekes it possihle to return
to retamy the e geraporpeil a%f@eru%ﬂbtnéée dpmeqé tlwér&ezwcompéessor (55) to the
freezer conpressor % 0 5 first and second
ﬁrsf@é#ﬁﬁ%@cﬁo@pm%orsﬁf h%feﬁeethetfﬁét andsggondromymesseng (11, 12)

Wil g Rt 08 heoefrEckHIon bl WEF o SUgt PR (o nFRekif fing additonal
refr%%'z#n'e?x?%f £, vl i (a8 oL G RReo T atiGR i igyeti, since the
el e oA s et g égﬁg%céwnw.a éﬁﬁ?ﬂ? BS57eh oamprepti (55) over
the B R t@%@#r‘?g@ﬂiﬁgmamﬂf R e Tguterots IS 3&%%5@033911 in the
free??%p%wi%frsedﬁﬁsgﬁ%v”‘? TR S %ﬁe%ﬁ?@}tﬁw%"eﬂ gfficiency.

[OO%J‘ﬁee?Qfe?1%?531?%22@&?“%3@5%&1’“{2;1%' B LR s Gifipatdt®side of the
focPY LRSS0l abd'Sud Lhak® Y, BECHMon SOIDLEIRL o . sccond

pressure N _
con{p%%?&@ r(légﬁ%rigsxg&? (1(?\&21" t a#; {Héfeﬁfeﬁ%ﬂ? rlgle{zhg;&%_é NofP e freezer
ST, B TT1 S e s
e (iggjjat eld aRE W fhe sh‘?ﬁ)%s?cﬁé ?ﬂtﬁ& frdt QRd Sddond compressors (11,

ccunul ated in the donme o reezer conpressor

12) (a5 Qﬁe bﬁlef %B&' r ﬁ?% i;e@uﬁ e rlefrﬂera%’@ﬂ AL e EREP 'ix?%l?é) d8me of the
) such ‘a Slnp e structure, tinme and

free@érfc%?ﬁprés@mf 05'53 istrB@rdedlth kigkefiat ANseebnd @Jrﬁpr@@ﬁﬁd(limfh)t W&th such
refrigeration systemis operated efficiently with

a siffiplei stfuttusd] @it andfeffoero BT the 9EfkigblaBibn 6illare sA0ed SRDHE refngeratlon
irst Mbdification of Enbodi nent Expl anati on of a

systéllnﬁs bpera@d efftoirtgrvit a hiiginfixb aflbaRIvf thesreRIRYAtRAGDI.
bel ow. Figure 4
[0055]  -First Modification of Embodiment-

Explanation of a first modification of the embodiment is provided below. Figure 4
shows a refrigeration circuit diagram of a refrigeration system (1) according to the first
modification. The refrigeration system (1) of the first modification is different from that
the above-described embodiment in that the oil return path (72) is connected to a different
part of the freezer compressor {(55).

[0056]  More specifically, the oil return path (72) is connected to the oil return pipe (65)

connected to the oil separator (64) at one end and to the refrigerant pipe (60) by bypassing
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shows a refrigeration circuit diagramof a

refrigeration system (1) according to the first

nodi fication. The refrigeration system (1) of the

first nodification is different fromthat the

above-descri bed enbodinment in that the oil return path

(72) is connected to a different 25 part of S, . .
the presayeregulsiipe yalye (756 he C[“@R?f%ﬂl Tsraill whup pathdd#) is provided with

oi | return ath (72) is conn gd to the oil _return

a SOAﬁq@ed (%59 dhHhecerg mamenes %\éep%ﬂl‘aq eptgFyrihgr, geil retum

and to the refrigerant pi by by sin
pipg fﬁé) Bt alsg urevidedyiithed srjenpid \Yéﬁﬁgg) Athighh s @ﬁ%’&m Lo ! the above
The oil return path (72) is provided with a solenoid
It 73) in the same nmanner as the above enbodi nent.

Nt L IR R C N e -
0 PR TS o e 03 ORI LT b 48 e 0

return pi

fgeietpg et e b | %quséagz 85@6???3?% 'J§ ﬁm{:ﬁ% Pl Compressor
R il A
oil 1§6gét§he gﬁc o%ﬁsgﬁgr@nﬁué ?643(%? ﬁbe( &#ﬁ%@ﬂpr%&e gSS t?e solerépld valve
(66£ %gt)@e oﬁl g% Pi)%gﬁ%) er(e 1%Adt(l§%§&§?&§ %SK,Sr Odmﬁg ﬁﬁ QLturn path

ve he oi retu

(72)0 910 glo@% )Oﬁ %he? Bﬁﬁ?%@@d tl’?eok' %nrg? r?lo\i'fle ﬁi{néﬂ‘ foBE the oil

urn OSG

sepeﬁlgﬁ,? r(&p rtf(?JG As@%ﬁ@"s%c%ﬂgl binp eéscgsgyf rng tflé 95{131&31& livk (66) of the

sepa edond conpressors
oil Ge‘c&m }%éé (65)“1% el dth %b}éﬁo{dﬁ@e)lv 27:4)*@ th@'dﬂ fe@ﬁrﬁrﬂbth (72) is
ose and the sol enoi d val ve
opefl éd return path (72) is opened. 15 [0058] -Second
Modi ficati on of Enbodi nent Expl anation of a second

[005@_|d' f ise8dddMo8itichtidh S EaBsHimeAodi ment is provided
bel ow. Figure 5 shows a refrigeration circuit diagram

of @xpIafatibeerf AkécRRd SbHi uMibA bf A GRéEsdhianticdihé® is pRelied below.
nodi fication. In the refrigeration system (1) of the

Fig@R®dMdwiRdtfrigetiof Rirclih@iafiam of Liefigera®angsterbl) according to the
includes a first oil return path (72a) and a second

secétid nfo@ifitatioRalinhthé TeRigeration Bysteini (13tofahé se@indrmodifitition, the oil
(72a) is connected to the freezer conpressor (55) in

retulri éncaAsTET0) includes a first oil return path (72a) and a second oil return path (72b).

The first oil return path (72a) is connected to the freezer compressor (55) in the same
manner as the oil return path of the above-described embodiment, while the second oil
return path (72b) is connected to the freezer compressor (55) in the same manner as the oil
return path of the first modification.

[0059]  According to the second modification, the refrigeration oil is usually returned
from the freezer compressor (5) to the first and second compressors (11, 12) through the
first oil return path (72a) as the oil return means (70). That is to say, a solenoid valve (73a)

of the first oil return path (72a) is opened, while a solenoid valve (73b) of the second oil
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manner as the oil return path of the above-described
enbodi nent, while the second oil return path (72b) is
connected to the freezer conpressor (55) in the sane
manner as the oil return path of the first
nodi fication. [0059] According to the second
nmodi fication, the refrigeration oil is usuall .
reture pathn@ab) d6clpsedmlhh sedandedib reterangpatie ST i syseg whepdhe solenoid
first and second conpressors (11, 12) through the
valye (732) ofithe first oM metpen path (72a) fails t@ pRergfe ProRsElyr n neans
é?O). That is to say, a solenoid valve (73a) of the
[006Q]r st-Third Medifieatiopa{Engbogliments opened, while a
sol enoid valve (73b) of the second oil 16 return path
( 72Bxplanationgd edhird rodifacating obihe epbodimens is proyidog)Figwre 6 shows
used when the solenoid valve (73a) of the first oil )
a refgigaratiop sgirpuity diagrany ofsa (igtrigsetione Systesm ) yaccpigingoio the third
-Third Mdification of Enbodi nent Expl apation of a
modifipatiprrdifterenh frophthsr ahone egrhogumeRtnthe; reirgerAfiogetystem (1) of the

thirf o einp GIO4G)<R BIHATEY OLdieBr CREPPESE 45 0 Ao, 558 as th low

segDipesaidons B (LeLent {1 om the 2boue, snba Ient L1° fecser

COmEER e e SPovesQ g PRUHET S84t TOTEERE FrRds - fiever, the

g U et BB B sh s 052, A SRSl Thereore o

or 1%?1{‘3 r8|§ eornza: ; %:eié g@%ipies%g% ésgﬁg\é%\ﬁ? rgg%); rrr]lgg Jbglegxﬁl g 1 irg E]het &?rigerant
WO

dn?ﬁ | e. Therefore, t or four or nore freezer
¢ 2gfessors (55a, 55b, 55c) may be provided in the

[00%}?}]f ri MiLéy tecifﬁ:hl{lﬁ%% fr(:@ ] l‘fglgg%‘]“f’i.y‘?éﬁea ?iPﬁCﬂ‘efeE&at!O%ressor (55a),

e freezer uni I nc reezer

< SRR Oy P RISk PRt SRR 8K g prte
P10 LGRS BT A r (6 K

pipésir %ﬁtﬂ@ ek HIRLADPESE s gﬁ"? 55B285¢) BrGhe BRchdse Sls Qféajl'bﬁﬁd together

are Joined toge and connected to the oi

ande&HfﬁEaE@% GR4i1 sEfRatbo @&%.ggieﬁigﬁﬁt Fvﬁa's,cwhﬁsh ardbamehedfrom the

romthe suction pipe connected to the freezer

sucﬁ@t’i‘?ﬁ:‘és(%)_ éonfctdd (PR RRGer @h8erk@N(F8Y bEshd énd, AR connected to the
suction side of the freezer conpressors (55a, 55b,

sucB&§ Yide of the freezer compressors (55a, 55b, S5¢).

[0062]  Referring to Figure 6, the first freezer compressor (55a) on the left side has a
refrigerant pipe on the suction side thereof connected to a dome of the second freezer
compressor (55b) located in the middle with a first oil equalizing pipe (67a). The second
freezer compressor (55b) has a refrigerant pipe on the suction side thereof connected to a
dome of the third freezer compressor (55¢) on the right side with a second oil equalizing
pipe (67b). The oil equalizing pipes (67a, 67b) function as an ocil return path for returning
the refrigeration oil from the second and third freezer compressors (55b, 55¢) to the first

freezer compressor (55a). The oil equalizing pipes (67a, 67b) are connected to certain
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20 [0062] Referring to Figure 6, the first freezer
conpressor (55a) on the left side has a refrigerant
pi pe on the suction side thereof connected to a done
of the second freezer conpressor (55b) located in the
mddle with a first oil equalizing pipe (67a). The
second freezer conpressor (55b) has a refrigerant )
posigppeoigthe dpmes oicthe second @ad tHed eszeremmrIetsers &SgbaSSCMP@ectlvely,
of the third freezer conpressor (55c) on the right .
suchs thag the lemelzofsthe gefaigesationr @ilain; the dgmescosiepronds 1o e mgdetermined
.oil equalizing pipes (67a, 67b) function as an oi
heightHy F he pd eaualzing rpes RTH$ 7h) A nrevidedywithsplsnoidivalves g7fa, 74b),
the second and third freezer conpressors (55b, 55c) to
respedfvely.rst  freezer conpressor (55a). The oil
equal i zi ng pipes. (67a, 67b) are connected to certain
[00699 pdsh Pl gpary path{d2 Hisrroanegted pa damsRf tp firsthirgeger compressor

freezer. conpressors (55b, 55c), respectively,_ .such
(S5 aPichtig 3 18 Vitiags cumreRat in @125?‘&? P FFRmIn the (i garshgn oil to the

mghzgla.éﬁes@ﬁ&gssa%&g%ﬂ% e %%%EérméasPl ° 3betA Satediert. §aﬂ|@h gty path
A 74a, 74hb), r. [ . 5 [10063] An_oi
Bl chaines SRR g et Tt b age end such
that e oS B R op R T i e Pt S B heigbt .
heSikr ' G AL bREF PSP RS th B adEe TBRRRD an
conS célied h-? a ct‘ertea('gﬁ) position of the first freezer
még%rgf _olig %pg{'l e end such that the |evel of
001 TAOSE LD i Ok BT TR ERICRRPRDY gl L on e
e G2 LRlr OGS BB S50 RU8HRY 08 rtrieran i

the é]ﬁ Qépar%tgxo isT Shit R‘Jé{éle gﬁfrfiéﬁ%ng B@t@ dnGRe _sﬁ&ioﬁ%ﬁ[‘e ﬂ-’ltg I}}llﬂifﬁd freezer

e refrigefant pi ion side of t

. (i . . _
com@é%g%gqsgmlﬁﬁt £ of19Rfukn gg(%ﬁ@glﬁ aﬁlﬂgﬁér?&hcl‘kgd Qhtb the third freezer

e refrig n the oll separator

compfAdor (858 88%ethe? Wilteht fdtfipgah@nt pi pe on the suction
Side of the third freezer 15 conpressor (55c) through

[oodﬂ,e Adcof@hg! f R AR (eRificaA0d, Qe ethi #eRigkREion oil in the
third freezer conpressor (55c) together with the

freez @ don@RERBis. (SERO$KH, 5568 eredéqfilﬁliie‘d sy tHei Joknoid valves (74a, 74b).
nodi fication, the amounts of the refrigeration oil in

Whéthehe $dl@mi@vaBenaBr 6Pt tkbad 0515@%15155@ Fip€ (€Th)akiapesled, the
usi ng the sol enoid val ves (74a, 74b).
refrigeration oil accumulated in the dome of the third freezer compressor (55¢) over the
predetermined height H flows into the refrigerant pipe on the suction side of the second
freezer compressor (55b) through the second oil equalizing pipe (67b), and is sucked into
the second freezer compressor (85b) together with the refrigerant. On the other hand, when
the solenoid valve (74a) of the first oil equalizing pipe (67a) is opened, the refrigeration oil
accumulated in the dome of the second freezer compressor (55b) over the predetermined

height H flows into the refrigerant pipe on the suction side of the first freezer compressor

(55a) through the first oil equalizing pipe (67a), and is sucked into the first freezer
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When the sol enoi d val ve (74b) of the second oi
equal i zi ng pipe (67b) is opened, the 20 refrigeration
oi | accurmulated in the done of the third freezer
conpressor (55c) over the predeterm ned height H
flows into the refrigerant pipe on the suction side of
the second freezer conpressor (55b) through the
comypeessoniSoa) together With thy rpirigerahb7b) , and i s sucked into
the second freezer conpressor (55b) to ether with the
[0066df r i Kpathgntacc@dinghie tbe Heird lcatip@nin héalélélféﬁmie’d as the above
valve (74a) of the first oil anI|2|ng plgg (67a) is
embndément, theheolerdid ivghiea(™Bdmwiche cplsreqwraipaih 472115 nsedhie return the
done of the second freezer conpressor (55b) aver the
refrigestionsilfrore dhe fitst Gpzereampragsor (159) thide fisstang spepnd compressors
e on the suction side of the first freezer
(llcbﬁpﬂé}@@dhe sqlemg vekye 4TdHs opened; thereigeratipnanil %qcrelgmlated in the
pi pe (67a), and is sucked into the first, freezer
domeopithe g’%rﬂqeseaaompé@sé@rr{éﬁamqﬁ thenpredetermiges Bﬁﬁh‘ I[Icﬂ?e’e] into the
Furt her, accordlng to the third nodjficatiaon,
oil ighra Pﬁ‘ﬁlr{ﬁ%)r ypgsingathy prrpeire é?%’@?dﬁn&é/ﬁl"e (¥ 'ﬂae Suction side
of the oil urn path (72) is used to
qu‘ee{:‘{ﬁ And Wé°n4%qI?Pr§§P%§t@i142a1 | fromthe first freezer

oo A5 inba qungcf)he lf %ﬁé%?%gd%%? f @b@%‘gﬁieﬁrse?waﬂon ol
scolieled rEscorttn of ilgfs:g”?w?é tﬁvérﬁ?%sr SPebttatn Ry 559 i
collfg 338 ﬁ?gﬁfsﬁi@s%egiéﬁfpégfe vk ) Gl Fattpsd 10 gt second

of the first and second

°°“§%ﬁ%$§éigﬁ? fiﬁmlﬂéhsm%ﬁﬁ8€$T ﬁ%gordlng to the third

N T N
refr{é[%karn? pgﬂee e SUMBS SR Oorfsthé ??z%ggﬁfe%%erncg)rwﬁ@gs&e ?S%S ghown in

rst reezer conpressor enr

Flgl?{.g ‘{1hﬁ1 fhk "ot &%p%t QP ?6) %%g@]r ﬁfﬁ&tﬁﬁeeelﬁye sjea)ndaﬁn& RGird freezer

tage c ressors. resent

co gés&‘s‘@g %'3(: :%r@%oﬁ’ét tls éédrd%nﬁir%o&@osg'@bﬂu% is fixed. Falrther an

onnect'e erant pipe on the suction si

endQ)ff tﬁehﬁcétﬁl:&[‘ Q%Jaﬁlﬁt?)é%ﬁpe‘:(qvpj’ &?ﬁ:@fdlsfcﬁé%é S% 1§ bR cted to Pt of the

|gure he refrlgerant circuit shown in

fsFg eai@ah%ingtﬂ}ﬁe &PR P BSwARFbak b e fscﬁl%ﬁ‘e’a& Waﬁ@'(ﬂﬂ&)s $0HeS: the solenoid

are constant-speed conpressors whose vol une
valve8(7&h)<@1dthe lﬁﬂéttdwlea uanﬂng pipd (8Fa)tib egeeqomé refrigerant oil accumulated

equal i zi ng pi pe on the discharge side Is
in the® BHA6 oE thel echd ﬁ‘eéﬁer t&@pressor (55b) is sent to the suction side of the first
freezer compressor (55a). On the other hand, when the solenoid valve (74b) of the second
oil equalizing pipe (67b) is opened, the refrigeration oil accumulated in the dome of the
third freezer compressor (55¢) is sent to the suction side of the first freezer compressor
(55a). Further, the refrigeration oil separated from the refrigerant in the oil separator (64)
flows into the refrigerant pipe on the suction side of the second freezer compressor (55b)

through the oil return pipe (65) and is sucked into the second freezer compressor (55b)

together with the refrigerant.
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first oil equalizing pipe (67a) downstream of the

sol enoi d val ve (74a). Wen the solenoid valve (74a)

of the first oil equalizing pipe (67a) is opened, the

refrigerant oil accunulated 20 in the done of the

second freezer conpressor (55b) is sent to the suction

side of the first freezer conpressor (55a). On the
[006]nher-QibgrdEmbgsémentsre sol enoi d val ve (74b) of the

second oil equalizing pipe (67b) is opened, the

r ef Thg@bexe-dasciabad erpladiment; @fdthe Presgat mypRilqs may be configured as

third freezer conpressor (55c) is sent to the suction
follewgle of the first freezer conpressor (55a). Further,

the refrigeration oil separated fromthe refrigerapt )
[007¢] ¢ Ha toe mr@érﬁaﬂllammré4§'ezsﬁ?aemniSﬁ%‘f@nt(ﬁémdudeS ¢ refrigerant

refrigerant pipe on the suction side of the

: d
circpit d@leplizedript eawertings e putdeer Wb+ e tegoer ek (P H’ﬁi o storage

.(65) and iis sucked_into the second freezer . c resso

uniy @3 jgnd the;Feezse pniki(Pn Home Ve ths Brepensinvepyon m@%? aE@iOﬂ@P to any
Embodi ments The above-descri bed. enbodi nent, .of e

refrigeation: systset 1098 agdy i Tides s e igFTRY Sk ¢f) W@ng a low stage

0070 t he .present enbodi ment, .t.he, refrigeration. .
COD@%%QT{%&Q%EM%HWWFWS L) gich arg Fopigeisd in series to
ealjzed b connectl%g_fhe qutdoqr unit (2), the
PETORH JBF MAPTEET POPPHLTSI ISP ESE unit (4) and the
freezer unit (5). However, the present invention is
al so applicable to any refrigeration systemas |ong

R RAAPBEGREL Y OSL™ Tt (9 e v ng
00f By YA AL GORSHLAT AEFRH) 55l oRFHONIADR s

Whi%%l%ﬁlﬁgdﬁé fg‘fr@lsegagf[%ﬁ! ditelit LB of Eéﬁ?ﬁnﬁ'g% dcliﬁ%—%i@&@ compression

ove, inventron 1s u
' 08 ; | HlLohPGlie Stcfed i/ suigGhki )
refr{é%?agfl??t%&gﬂggggﬂig%l%l%ggﬁ%drIrqul r?g 2 TWo- St age cso ression
refrigeration cycle and is generally used in
conveni ence stores and supermarkets. 15 20

20



! CLAIM5 1. Arefrigeration systemhaving a refrigerant

| circuit (6) including a | ow stage conpressor (55) and

‘ hi gh stage conpressors (11, 12) which are connected in

| series to 5 performa two-stage conpression

| refrigeration cycle, wherein the refrigeration system

| (1) conprises an oil return neans (70) for returning

| refrigeration oil from th€UAMStage conmpressor (55)

| to the high stage conpressors (11, 12). 2. The

| refrigeration systemof Caim1l, wherein 10 the | ow

| stage conpressor (55) is configured to accunul ate the

; ref £i ger ahtelpperation system baving e sftiseapiaitcutt krigindigg @ low stage

| the oil_return neans (70) is configured to return the

| compEessply £33t angnhigh |stage compresserg (1in lgﬁwyhrﬁhgm (FoBBESR N series to

art of the |ow stage conpressor, (55) to the high

Pergrﬁgé“@omﬁeé@wr%smomaf,rlgzl)aﬁloasycé.@ wWhigeifef ri ger at i on
systen1%t Claim?2, wherein the oiI,Feturn neansﬂb?ﬁ? )
i s Protrliesdation srder; Ao rapweises 4 It reth msans (HYefor returning

conpr esso 55), and includes a essure. reduci ng nean
refriegiation, ol fioh 54 loPE48e, FOBIFSPIASF) (o 1 il LAg8 pmPressos (11, 12).

reduci ng neans (71) nmaking the pressure in the suction

side of the 20 high stage conpressors (11, 12) |ower

thag the pressure.in the hi -pressure part of the | ow
st ag’e corﬂﬁ?ergéwra{lgg)gy%ﬂﬁotfﬁm&f’%ﬁ?ﬁ path (72)
bei connected to th i. gh essure part, of .the.low . ...
10 LR SRONGR Coni b e bl o rneP b bip ok et oil in o
- Si of the hi tage compressors (11, 12 b
hlg%;‘?%%%‘%‘?ﬁa“t fe° pragésu?e regﬁci ng rreags (71))at %/he

o 8, g g 1, SLAASBERL) BB S AL gt

in %g%ﬁ%ﬁﬁ Q%ts Efgﬂeglg%asﬁﬁgéﬁoébrﬁrlessbp (5%) t6 ]chedﬂlréﬁ s&%@rc%ﬁ'rpressors
(11, 12).
15
3. The refrigeration system of Claim 2, wherein
the oil return means (70) is provided on the discharge side of the low stage
compressor (55) and includes a pressure reducing means (71} and an oil return path (72),
the pressure reducing means (71) making the pressure in the suction side of the
20  high stage compressors (11, 12) lower than the pressure in the high-pressure part of the low
stage compressor (55) and
the oil return path (72) being connected to the high pressure part of the low stage
compressor (S5) at one end and to the suction side of the high stage compressors (11, 12)
by bypassing the pressure reducing means (71) at the other end.
25

4. The refrigeration system of Claim 1, wherein

the low stage compressor (55) is configured to accumulate the refrigeration oil in a
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the oil return neans (70) is configured to return the
refrigeration oil accunulated in the done of the | ow
stage conpressor (55) to the high stage conpressors
(11, 12). 5 5. The refrigeration systemof Caim 4,
wherein the oil return means (70) is provided on the
di scharge side of the | ow stage conpressor (55) and
domm@pméyhareﬁh@wsﬁu@e bsddghandg means (71) and an 0|I
return path (72), the pressure reducing neans (71
mak theee f hegoit Frsurprraesng (#0)i i condeured £a tiursithe reffigeragompi wccumulated
stage conpressors (11, 12) lower than the pressure in
in Thfh@amﬂ%) pethedow slage enmpressge (55) ¢ tehpetesags copgmyssarsd ).
oil return path (72) being connected to the done of
the | ow stage conpressor (55) at one end and to the
suction side of the high stage conpressors (11, 12) by
bypassi ngth etfﬁ%lgﬁfa@ggaysgemééﬁfmﬁlg‘* MESFEN (71) at t he
other end. 15 6. The refrigeration systemof, Caim
3, Iheopil getugm gncang (YHels Bipvidedgen dhsdisehargs sidsset the”low stage

i ncl ud lity of |ow stage co ors, (55a,
conﬁ%ﬁ,sors@% %@Wﬁ@?%grﬁm e Ple%%?a% 55@? an ?lhée%wpath (72),
retyrn neans gured to retur

IS CO n.t
r ef eg@F%?WeoFF%B?I £ {RG3RY ZIH@ pking the prsgpuce g@@iﬁ suction side of the

higﬁ%ﬁéfcﬁﬁl%%%é 1t ) e Sl i P g ¢ low sage

ein charge of returnlngthe refrlgeratlon oil to
CO“HWESS%GE) cg conpressors (11, 12), and the oil

R ShE S LT G FlBly comore
5T SR R el SRS AL P i

the @‘%é%ﬁeo%?&&%g'?%}‘iﬂ%ﬁmg Ofier a0y /- The refriger at i on

erein an oil separator (64) is
provi ded on the discharge side of the | ow stage
conpressor 22 (55) to trap the refrigeration oi

0 e Dty T bAORIROTE S5 STufgE) o 1o
Meap? 16wistagdtdnipRestdr! (558 Udes a plurality of low stage compressors (55a,
55b, 55¢) connected parallel to each other,
the oil return means (70) is configured to return the refrigeration oil from one of
the low stage compressors (55a) to the high stage compressors (11, 12), the one of the low
stage compressors (55a) being in charge of returning the refrigeration oil to the high stage
compressors (11, 12), and
the oil return means (70) includes oil delivery paths (67a, 67b) for sending the

refrigeration oil to the low stage compressor (55a) in charge from the other low stage

compressors (55b, §5¢) than the low stage compressor (55a) in charge.

7. The refrigeration system of Claim 1, wherein

an oil separator (64) is provided on the discharge side of the low stage compressor
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path (72), the pressure reducing neans (71) being

cl oser to the high stage conpressors (11, 5 12) than
to the oil separator (64) to make the pressure in the
suction side of the high stage conpressors (11, 12)

| oner than the pressure in the oil separator (64) and
the oil return path (72) being connected to the Qqi

(SSktegepabereifigerption oibdischargeddrem thy lophdags sompassses @8) ard

the high stage conpressors (11, 12) by bypassing the |
pr e ierern Waﬁb% ep ?Pfesé'ﬂretrﬁ@%%gd@?al’ér(aﬂ ag appil return
path (72),

the pressure reducing means (71) being closer to the high stage compressors (11,
12} than to the oil separator (64) to make the pressure in the suction side of the high stage
compressors (11, 12) lower than the pressure in the oil separator (64) and

the oil return path (72) being connected to the oil separator (64) at one end and to
the suction side of the high stage compressors (11, 12) by bypassing the pressure reducing

means (71) at the other end.
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