; €3e39B36889\ =@A6, BTB) Ps1 29 Decenber 2003 DESCRI PTI ON REFRI GERATI ON
SYSTEM TECHNI CAL FI ELD The present invention relates to an oil return
arrangenent S for returning oil to conpressors in a refrigeration system
BACKGROUND ART There is a refrigeration sylstemvvith a plurality of
conpressors (for exanple, two conpressors) which are connected together in
paral l el and have different capacities. 10 In such a t@d@e@mb@fm@erati on
system there nay be produced a difference in donme internal pressure
bet ween conpressors when all the conmpEsREPTIANE i N operation. On the other
hand, the refrigerator oil at the done bottom of a conpressor whose
internal pressure is high noves, REFRGGERARIGN e&¥STER 15 equal i zation pi pe,
to anot her whose internal pressure is lower. If the operation continues in
such a state, the refrigerator oil TECHNICAR ghEw essure done i nternal
conpressor continues noving into the | ow done internal 20 pressure
conpressor. |f ghehpresémt einvastsont heldddh 1@omm ol erBahr P £S5 HRment
conpressor will hold no refrigerator oil in the end. This nay result in
produci ng dandge retiireiny ghldosecdnpressRals PieSS Wk rGQBRPAESSP systRgle IS an
oi |l equalization operation control neans as-a 25 nethod.of canceling the
af oresai d i nconveni ence, in which thackcrtyNpeaaber 2003 conpressors are
operated alternately at fixed intervals, to secure a given anount of
refrigerator oifrhéoe eachaconpfesfatatiBROBEFMER HATtEHE | NMEINEh QR | NTENDS
TO SOLVE However, if such oil equalization operation control is 5 carried
out, this all cwspsesadirisangdds opefaaiplen Oftwall ddr@ressPFE€sSoLsiconl yrdor a
fixed period of time. As a result, there will be produced such
i nconveni encecohrectce togpalélt in @auhl 261 f1d davel Bl geEAditORapust £fegaNNOt
be obtained. Bearing in mnd the above problem the present invention 10
was made. Accdndiumi v, tape obf estfragerhei@n aseileni, NYREEE Qihy Del BrEBSEE L
that, in a refrigeration systemwth a plurality of conpressors differing
in capacity faofibherenvet hior , domd r igesataar midssugepitiiedn| Yomptesswyd t o
each conpressor. DI SCLOSURE OF THE | NVENTI ON 15 The present invention takes
the fol | owi ngwirerardd 1i hhercerpressprovade in Splethitdont 0 dihahaf etrsaiKkhnd,
problem A first invention is intended for a refrigeration system
conprising a ¥k riefoiaaratinr aiilt aA hheidwmnen bplttoal of ya efompeBEPEES SaHdsd A,
1B, ..., wherein these conpressors |A 1B,

internal pressure is high moves, through a pressure

15 equalization pipe, to another whose internal pressure is
lower.

If the operation continues in such a state, the
refrigerator o0il in the high pressure .dome internal
compressor continues moving into the 1low dome internal

20 pressure compressor. If such a state lasts, the high dome
internal pressure compressor will hold no refrigerator oil in
the end. This may result in producing damage to the high
dome internal pressure compressor.

There is an oil equalization operation control means as a

3
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method of canceling the aforesaid inconvenience, in which the




20 are connected together in parallel and differ in capacity from one
another. The refrigeration system further conprises a distribution

mechani sm R capabl e of returning a refrigerator oil in a refrigerant
circulating through the refrigerant circuit A to the conpressors |A 1B,
... so that 25 the refrigerator oil is _distributed to _the conpressors |A
1B, 29 Decenber 2003 ... according td& the di fferenc@&@eaﬁlplaeriiqoaanong
the conpressors 1A, 1B, and so on. In the first enbodi nent, when the
conpressors 1A, 1B, ... are in operation, the refrigerator oil is

di stri but edoappegstie dreoopresedr 21tArndtely . at f fored hendiff8ENGg i N
capacity anong the conpressors 1A, 1B, and so on. This is unlike the
convent i onakcteehmiqgjuen ambhat oeffdfgeyatatonidilcadrbease et dsabreach
conpressor 1A, 1B, ... without having to performoil equalization operation
control to cause tRROBLEMS ITHA®SFBE SINVENIIONALRTENDSL TRISOLYE A Ssecond
invention is intended for a refrigeration systemconprising a refrigerant
circuit A hawvdweyer pl Uf alsuicy 0ilCOBRUEESMSIOhA opdration MHEESIMN ??ese
conpressors 1A, 1B, ... are connected together in parallel and differ in
capaci ty lbafrisa omer Aneieralitie refful@anhabhONopysieiBd Uss gy cogpri ses a
di stribution nmechanism R capable of returning a refrigerator oll 1n a

refri ger antomprredsoati, N@nlpr eoghat hexeef pdbyaants ¢imeyi t A8 10 LBE 1+
conpressors 1A, 1B, ... so that the refrigerator oil is-distributed from

t he conpr estsare WA 120 b tgrddueeanehbRS i n6aRe& tohcko thiae QBQerca§93P£}¢55°rs 1B
and so on. In the second invention, when the conpressors 1A, 1B, . are in

oper at i on, rédiei redf Foges atOfir iQelrat Sofli S§dddac@ednbt ope tdig sGaeRr essor 1A with
the smal | est capacity to the other 25 conpressors 1B, and so on. This is

unlike the mmardayi dhalmind?2%neecysher pOB3ehneChALABeesBnt NhvEsf{d per ator
oil can be secured for each conpressor 1A, 1B, ... wthout having to

per f or1d oivaseaadei. Z aA¢ WY APGLE, | O SOTHIOb £t OhE WS drte iROBRE ESSAS to
operate alternately. 5 Athird invention is intended for a refrigeration

syst em cortpr iensngeath#t 1 iigenapefeidentition baytag widl W ghikyl ofy Ganpressors
1A, 1B, ..., wherein these conpressors 1A, 1B, ... are connectéed together
in paral | glompmesdots er dififeppagi t ynf r empasetpnotthen. U I effd@riAtion
system further conprises 10 a distribution nechani sm R capabl e of returning
a refri gematfoigeratom cilr ébr pgeianielsi reuhahedtd Racugbohpred Rf.i ger ant
circuit Ato the conpressors 1A 1B, ... so that the refrigerator oil is
di stributed fromthe conpPESSLOSURE WFt FTHENENVENT®St capacity to the other
conpressors 1B, and so

15 The present invention takes the following means in order to

provide a solution to the aforesaid problem.

A first invention is intended for a refrigeration system
comprising a refrigerant circuit A having a plurality of
compressors 1A, 1B, .., wherein these compressors 1A, 1B,

20 are connected together in parallel and differ in capacity
from one another. The refrigeration system further comprises
a distribution mechanism R capable of returning a
refrigerator o0il in a refrigerant circulating through the

refrigerant circuit A to the compressors 1A, 1B, .. so that

25 the refrigerator oil is distributed to the compressors 1A, 1B,




15 on . In the third invention, when the conpressors 1A 1B, ... are in
operation, the refrigerator oil is distributed fromthe conpressor 1A with
the |l argest capacity to the other conpressors 1B and so on. This is unlike
t he conventional 20 technique in that refrigerator oil can be secured for
each conpressor 1A, 1B, ... without hayging to performil equalization
operation control to cause the conpressors to operate@l@%ﬁﬁiﬁb@%@om fourth
i nventi on depends on the second invention, in 25 which the conpressors 1A,
1B, ... are |low pressure done type 29 Decenber 2003 conpressors. The

di stributien preehadingm Rd ndihsdeslidfesehcequat i zedpamiyy penddg i the

comuni cation with the conpressors 1A 1B, ... and an oil separator 116

di sposed onompreesHogyshdAgelBi dmmdofsot ke.conpressors 1A, 1B, ... for
separating a 5 refrigerator oil in a discharge refrigerant, and the

di stri buti onImedteadiizat Rensodigremtd wbel hidie tdomprefsoger B8 or1mi L. aepar at ed
in the oil separator 116 and a refrigerator oil contained in a suction
refri geraninobppeaticaonphessefrigerd®r .oil are disfrdbenetdakhpngetnened to
the conpressor (1A) with the 10 smallest capacity. In the fourth invention,
the ref¥i geomimgssors @RpellBed..f foomt hkecaipfessmes ihAcabdcity. ainéngecover ed
in the oil separator |116. The refrigerator oil of the oil separator 116 and
t he refri gerat opmprésddrat 1., baByughindask ba.t heTEust iien wildikeof tAd t he
conpressors 1A, 1B, ... are preferentially returned to the conpressor 1A

wi th the somalvesstionapactdshnibioer eaht ethat heefefigegetat oroiai | chf rigd ur ned,
via the oil equalization pipe 109, fromthe conpressor 1A wth the snall est
capacity tseduredcofqr esgoh s colipréssor . 1a0f 1BwerL ddmhount éfavdngpreassure, by
the 20 difference in donme internal pressure. Afifth invention depends on
the third penferm onil i rquhildhatien coppressot S cbAtréB, to . caneehi gie pressure
done type conpressors. The distribution nechanism R includes an oil

equal i Wat icmpriegecds to apemamipi shtéxmmteliyn t he conpressors 1A, 25 1B, ...
and an oil separator 36 disposed on the discharge side 29 Decenber 2003
of the conplesswosdlAnvédtion . i ointsmphrdatfiorg aa meffrriggeatian ©ydtdm a

di scharge refrigerant, and the distribution nechanismR is forned so that
the refri comarédsing| asepsficigedant tdigcoiit ephawnimgy 36 mincraditef rdfger at or
oil contained in a 5 suction refrigerant of each conpressor 1A 1B, ... are
pr ef er ent icompyepeexs nkal, t Bt he, cwhpressorhdse wignpressolrar dast 18apacity. In
the fifth invention, the refrigerator oil expelled fromthe conpressors 1A,
1B, ... ifreenr@estefin topetber dapaagadiel( add. difderefim geamsadrtyoi | of
the oil separator'36 and the refrigerator oil that is brought back to the
suct i dA sif@demopne anathesresThe srafixigegation systew duatbariedmprisesur ned to
the conpressor 1A with the largest capacity. Thereafter, the refrigerator
oi |l is refurn@Etribytine oimechgnismzatR oncapadele of returning a

refrigerator oil in a refrigerant circulating through the

refrigerant circuit A to the compressors 1A, 1B, .. so that

the refrigerator oil is distributed from the compressor 1A

20 with the smallest capacity to the other compressors 1B and so
on.

In the second invention, when the compressors 1A, 1B, .. are

in operation, the refrigerator oil is distributed from the

compressor 1A with the smallest capacity to the other

25 compressors 1B, and so on. This is unlike the conventional
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15 48, fromthe conpressor 1A with the | argest capacity to the conpressors
1B, ... of lower done internal pressure, by the difference in done internal
pressure. A sixth invention is intended for a refrigeration system which
conprises a refrigerant circuit (A) formed by 20 successively connecti ng,
through a refrigerant piping, a pluraljty of | ow pressure done type
conpressors 1A, 18, ... connected together in parall eR9Dutepiidregoag i n
capacity from one another, a heat-source side heat exchanger 2, a
pressurereduci ng mechanism 3, and a heat-application side heat 25 exchanger
4, and whi'GFhindaner wed thatbrefigi grr smird CANHAS Y SseciddDeeeMel 2003 1A,
1B, ... in communication with one another through oil equalization pipes 9,
9, and so “GFPIARSer| IkpardBor .16 eapedite OfawieRAr ald NG, £ ef i ggrator oil
in a discharge gas refrigerant is disposed in a discharge 5 pi ping 15 of
t he conpr @§§él$Z§m}0r;LB?peamtwn @ontkult Rer cadBelidhe &N, egggpgmt%m Z
capable of preferentially returning a refrigerator oil contarned n a
sucti on g&berete igdreamatedyt he conpressor 1A with the snall est capacity
anong tghe conpressors 1A, 1B, ... is disposed in a suction line X of the 10
conpr edsor sA 1ahifdd, inventiAadiid oneddntedaneg I I . e_17._, through
which the refrigerator oil separated in tﬁ% oai I]‘?ésfe&;)l regtggrEQ%GS?'gt?’Bturned to
t he conpreemprisifgni @ hreliei gemdntesti €apaci Ay nayeng the flpl[girie%ssorg 1A, 1B,
., Is provided. 15 In the sixth invention, when'the Tonpres or% 1A, 1B,
ar e i fPmpEsgoiren 1A, hasy ef.r,i g@kabdh @hbsse |} t.he ai] separator
16 and the refrigerator oil in the suction gagéﬁglftér‘s%gg%an]{h'aged’
pr ef er entdzd | gonmatredectdgethbe GOMEASIq] 1A t b syl Lest capacity.
Ther eaftceﬁ;, the refrigerator oil ggéi S suécgsfl\gi vﬁéﬁﬁet{ﬁngﬁpﬁ’o t he
conpr essofrorAonet anotteersmalrheste £ARAGIAY oh O Ct:,?l)ft oLs 4B, 1C ...
which are lower in done internal pressure, sb%'/gfehng orrgé?n%%‘r‘?ﬁlseﬁressur
di f f ellence (dbetmidmpriessomexhhAibit emnal cRsASSUT €07 the GeRpLEsSser' s 1B
internal pressure > the conpressor's 1C Zgéi nt ernal pressure 4.2 ). This
i s unlik&efhaégevarant pbhalin 29 éreierdiant23 d.aab ), uq:hgi,éu&patth
refrigerator oil can be secured for each conpressor 1A 90 N t hout
havi ng t &epEtgerantoidinemial iAzato QrheD Pnplre@Bo £ONLA Ol 150 caggethgg
conpressors to operate alternately. 5 A seventh i nvention depends on the
si xt h i n¥Bft Fehrigerativrcipitlheisoi distatibuk caechani ReZ dompPBYSo P R @ first
suction @lgllhnq] 25 which has a given length and is substanti acﬁjy ori zontal,
the firstrsucthod aspprhgcamdioyningtie patrterotohbeesssid Q| hRg ¥, and being
conn?gt eglnto t he

In the third invention, when the compressors 1A, 1B, .. are
in operation, the refrigerator oil is distributed from the
compressor 1A with the largest capacity to the other
compressors 1B and so on. This is unlike the conventional

20 technique in that refrigerator oil can be secured for each
compressor 1A, 1B, .. without having to perform oil
equalization operation control to cause the compressors to
operate alternately.

A fourth invention depends on the second invention, in

25 which the compressors 1A, 1B, .. are low-pressure dome type




10 conpressor 1A with the smallest capacity anong said conpressors 1A, 1B,

., and second suction pipings 26, 26, ... which branch from upper
portions of the first suction piping 25 and are connected to other than the
conpressor 1A with the snmallest capacity anong the conpressors (1A, 1B,
...), i.e., to 15 the conpressors (1B; 1C, ...), respectively. 1n the
seventh invention, in the first suction piping 25 th89r[&qqr@®ram93 oil is
separat ed because of the difference in specific gravity between the
refrigerator oil and the gas refrigerant. The separated refrigerator oil
flows in corpEEsgrge bdtheordistrdbutibe pDephamissd R efnchedest oxn oplli s
brought back to the conpressor 1A with the smallest capacity fromthe first
sucti on pe@algiza%ioAcedpdi By inbyommenigHtacar nertfertbet aoinpreksogsa change
in the piping structure, it is possible to secure refrigerator oil for the
conpr essolx, 18, 25 abB, an. oiht s¢émwadwst $16ndiswadesutont Hdreddapchargewer . 29
Decenber 2003 An eighth invention depends on the sixth invention, in which
the oil reide n ofechde sewodpressede ulA,of 18,verti dalr pispeadtwng chaforns a
part of the suction |[ine X and has a downwardl y-opened | ower end, a pipe
body 28 towaridjeshteh aobl| ower pordischaiget heeferiyecaht pi pen®7 tiees and
whose hori zontal cross-sectional area is larger than that of the verti cal
pi pe 27, @didftmiduitiontnechyriiEm® 25 wimdedi $ocahaectthe, retfrageraensk t her eof
to a lower end of the pipe body 28 and, at the other end, to the conpressor
1A with tdid Eeparatédsin acapaoilyseparaorhe16oand es yefxrigdratidt oil , and
second suction pipings 26, 26, ... which are connected, at one ends
t her eof , damtsiidedalh panictdns oéftiweninpeochodyc Fanpatesabrt he, der ends,
to other than the conpressor 1A with the snallest capacity anong the
conpr essor sarkApréBerentialilyerettondd tioheheoopnm@ssaox YBA) 1Cith .the
respectively. In the eighth invention, the suction gas refrigerant flows,
fromithe srexlfliesal capqueityZ, into the pipe body 28 where it rapidly expands
and, as a result, the refrigerator oil is separated fromthe suction gas
refrigerantin The SepaiatiededOiomf rilgerafoigerdtars didoeghel batkifrdom t he
conpressor 1A with the snmallest capacity fromthe first suction piping 25
by gravi tbheamdmpressoizs WRGCOBI nglis rerozesedplir the angbneepamftoraki ng a
change in the piping structure, it is possible to secure refrigerator oil
for each 1dénpr &heorefaigdBitor, oidt dfowhg5oddsssparatas t hidutandhechgr op in
per f or mance. 29 Decenber 2003

refrigerator oil that is brought back to the suction side of

15 the compressors 1A, 1B, .. are preferentially returned to the
compressor 1A with the smallest capacity. Thereafter, the
refrigerator oil is returned, via the oil equalization pipe
109, from the compressor 1A with the smallest capacity to the
compressors 1B, 1C, .. of lower dome internal pressure, by the

20 difference in dome internal pressure.

A fifth invention depends on the third invention, in which
the compressors 1A, 1B, .. are high-pressure dome type
compressors. The distribution mechanism R includes an oil
equalization pipe 48 in communication with the compressors 1A,

25 1B, .. and an o0il separator 36 disposed on the discharge side




A ninth invention depends on the sixth invention, in which the oil return
mechanism Z is nade up of a horizontal greatdi aneter pipe 29 which forns a
part of the suction I[ine X and whose vertical cross-sectional area is

| arger than that of 5 the suction line X, a first suction piping 25 which
is connected, at one end thereof, to agpipe-wall portion of the horizontal
great-di ameter pipe 29 and, at the other end, to the E9Recamler 2003y th the
smal | est capacity anong the conpressors 1A, 1H, ..., and second suction

pi pi ngs 26, 26, ... 10 which are arranged to concentrically face the center
of the hor¢fohhal cgreressfirsnet®er IH.pe- 200manseparatdognactraf rtigeseher t han
the conpressor 1A with the smallest capacity anong the conpressors (1A 1B,
...), 1.e.9it0 thme sompisdsone (Hdfri@erant ), ambpeadid velistribukmohhe ninth
invention, the flow velocity of the suction gas refrigerant flow ng through
t he hori zomchargrsgaR- dsaffermed Bpec2Y ither glefixtgderaftora aidsseparahede i s
created an annular flow of the refrigerator oil at the pipe-wall side where
t he fl ow v ddid piilssepanetrqor d8datfieareffiigerator @il danta@nsdpanated from
the suction gas refrigerant. The refrigerator oil thus separated is
returned tsudthenf i reffrigeparessarf 1Aawnht hcompressid edh,capieity faoent he
first suction piping 25. Accordingly, by a sinple arrangenent of nmaking a
change i n prefegrepitngl ¢ rustturmed to tise poswgireseot o1& ecithe thef Laggest or ~1
29 Decenber 2003 oil for each conpressor |IA 1B, ... at |low costs and

W t hout t heapdicdpyi.n performance. A tenth invention depends on any one of
the seventh, eighth, and ninth inventions, in which the oil return passage
17 is 5 conmectuhe tfaftheifverstioyctthenrptpigerador loilt eepekhéd fioeention,
the refrigerator oil separated in the oil separator 16 nerges with the
refrigeratwre cidmpgepaoas ethf r1mwn t.heisucddarergds inethegeiansepatwreaft er
being returned to the conpressor 1A with the smallest capacity. As 10 a
resul t10 t #r.e | Sheorefeihdmtouk®id cfange ioil heeptrnagotrurdé aind hehe
conpressor 1A (for exanple, the casing structure thereof). An el eventh

i nvent i on nefriigeeatied ¢d0F thatefisi epaghorbaistteamtbenpncsiony sideefafi ger ant
circuit Awhich is formed by 15 successively connecting, through a

ref ri ger artthepicompygessopmi ¥A,0f1Bhi ghapeepsefereionmaliypeetenmperdssorthel A and 1B
connected together in parallel and differing in capacity fromeach other, a
four-way swompeessoyallde witha theatlanueste ipbeit¥at cRedrandder3, the
pressure-reduci ng nmechanism 4, and a heat 20 application side heat
exchanger ®fragarapeehoils ifvryekhunedsr ivigi ket dlceapabizdiion piped 1B in
conmmuni cation with each other through an oil equalization pipe 48. An oil
separ dfor 486 EapmbltieofoRpIREsmy A & itéf thgedareeshi faparigyditeoctdege gas
refrigerant is disposed in a discharge 25 piping 47 of the conpressors 1A
and 1B. F@pm§§p§sgpﬁopp, .. of lower dome 1internal pressure, by the

difference in dome internal pressure.
A sixth invention is intended for a refrigeration system
which comprises a refrigerant circuit (A) formed by
20 successively connectinq, through a refrigerant piping, a
plurality of low-pressure dome type compressors 1A, 1B,
connected together in parallel and differing in capacity from
one another, a heat-source side heat exchanger 2, a pressure-
reducing mechanism 3, and a heat-application side heat

25 exchanger 4, and which is formed by bringing said compressors




29 Decenber 2003 return passage 37, through which the refrigerator oi
separated in the oil separator 36 is returned to the suction side of the
conpressors 1A and 1B, is provided. Additionally, an opening/closing valve
39, which is closed when both the 5 conpressors 1A and 1B are stopped, is
di sposed in the oil return passage 37.,1n the el eventh invention, when both
t he conpressors 1A and 1B are in operé{ion, the refrig@Pacsmbari2088par at ed
in the oil separator 36 and the refrigerator oil in the suction gas 10
refrigerant are returned to the conpressors 1A and 1B through the oi

return passegelB/. .Atin habmhiunkcataidrar gétrh appantamafthiclre tefduggeraiopr oil is
returned to the conpressor 1A with a |larger capacity. The internal pressure
of the | argpraddpatidy wigrgs 05501, dAd i hkingher than that of the smaller 15
capacity conpressor 1B. As a result, the refrigerator oil travels fromthe
| ar ger - capaaint Yoidongepasaeor 1A6t aaphdlenslfl eepaapathyyacaepregseitdB t hr ough
the oil equalization pipe 48, thereby ensuring that the refrigerator oil is
posi tivel yiletinr aedidchdiye gaspressiferabd apddildpostl Thi & Gssemdridee the
conventional technique in that refrigerator oil can be secured for the
conpr essornfipliAgans dB thé hamipreasbrg 18, pES,f n@ @bl caquakihzehé®ON Hperation
control to cause the conpressors to operate alternately. Further, during
the peri odifthaethoh hnédieaicmpzesapas14d Ao ANz rane 13216t opPechidha
openi ng/ cl osing valve 39 is closed, thereby 13 29 Decenber 2003 pl acing
the oi |l reledfirigpassageoBl/ ¢dntidlitdd0Nrt Mkid€dn Ogh St BéLrigHHantPrRvents the
refrigerant fromflow ng toward the suction side of the conpressor 1A from
the oil separ atefipsolteniA hesieper 8hé Orsriad 1860PPEsbadhi th t WRbAd h vhavent i on
is intended for a refrigeration systemconprising a refrigerant circuit A
which is, chapreslsdns aacassi veliy aospeadd NG at Buevgbnal 1ef rik g8 aMe Pi pi ng,
a pair of high-pressure done type conpressors 1A and 1B connected together

i n panal | ebmppéssbdfs exa,ngd,n .capanddik ibhall gACkn 18i Dt heturm dasayeay

sel ector valve 2, a heat-source side heat exchanger 3, a pressure-reducing
mechani smiz, ahdoagh edtiiampltineatient igedatdeasd i Xed@gaiedS,inatteWdiigh i s
formed by bringing the conpressors (1A, 1B) in comunication with each

ot her t hr saparatooi h6eqisml reatined pitpe ¥ite tbmPnesidr saparaith 3Becapabl e
of separating a refrigerator oil froma discharge gas refrigerant is

di sposed smahlektscleapgeipy piamprdy/ ahet heommrgasessor saA1A myd 1B. Esrt her,

oil return passages 37A and 37B, through which the refrigerator oi

separ at edprovidesd.oi | separator 36 is 20 returned to the suction side of
each conpressor 1A and 1B, are provided. Additionally, opening/closing

val ved5 39A EmctIBOB ixwhi dhveneiwl ogdndwhengonbeegmyisod A, has, bot Aré he
conpressors 1A and 1B are stopped, are disposed in the oil return passages
37A and 3¥B, apegptionveltpe rdfridkgaPecertiidr 2008rdted hént wdld tbil nventi on,

when both the conpressors 1A and _
separator 16 and the refrigerator oil in the suction gas

refrigerant are preferentially returned to the compressor 1A
with the smallest capacity. Thereafter, the refrigerator oil
20 is successively returned from the compressor 1A with the
smallest capacity to the compressors 1B, 1C, .. which are
lower in dome internal pressure, by the dome internal
pressure difference (the compressor'é 1A internal pressure >
the compressor’s 1B internal pressure > the compiessor’s 1c

25 internal pressure > ..). This is unlike the conventional



1B are in operation, the refrigerator oil separated in the oil separator 36

and the refrigerator oil in the suction gas refrigerant are returned to the
conpressors 1A and 1B through 5 the oil return passages 37A and 37B. At
that tinme, a larger anount of the refrigerator oil is returned to the

conpressor 1A with a |larger capacity. glhe internal pressure of the

| ar ger - capacity conpressor 1A is higher than that of ZH&esembes2003pacity
conpressor 1B. As a result, the 10 refrigerator oil travels fromthe

| ar ger - capacity conpressor 1A to the snaller-capacity conpressor 1B through
the oi | ed®RNPZdEfoARpithat48ett ket remsidr idap thmatsediradeffidmesatior oil is
positively returned to the conpressors 1A and 1B. This is unlike the
convent i oifQPPEEERRY qudArin 1Bat 15 Vébhoyer ataring | tean prrfeewour edilf or t he
conpressors 1A and 1B wi thout having to performoil equalization operation
control t&WaLizatIRN cOPRFLSSHr SANGIepertat eaalseertiewt etgmpragsolrer todur i ng
the period that both the conpressors 1A and 1B are stopped, the

openi ng/ cPBSFAEE vl baxfagghvand 39B are cl osed, 20 thereby placing the oil
return passages 37A and 37B in the non-comunication state. This prevents

t he rePri geRafevensm finysintgonoweprgntibe cguctheonsikte dhveathonf tikhe
conpressors 1A and 1B fromthe oil separator 36 when the operation is

st opped. whigh2&hpecdidberePO0O8 mechanismenth iisnveade onpdeyfenals fdmsany one of
the el eventh and twelfth inventions, in which the oil equalization pipe 48
is provi dEECHeh animigeni AP clvwisichg Vmalsve a49 gdtvieoh ilengtbsednduriisg t he
period that either one of the conpressors (1A, 1B) s is stopped. In the

t hi rt eent Rubsvatiaddy herizrntalye thRehirst lvmctdpe pipime 250fprassgrs 1A and
1B is stopped, the opening/closing valve 49 is closed, thereby inhibiting
the refrigePafdr ofi |the ofvetiarel 1 hee t Ar angh beiai ¢orerpediedz atd onhei pe 48.
As a 10 result of such arrangenent, the novenent of the refrigerant from
one c&fpre/RIeSSeropddat ivoikht o thee cimedidedfii clrapschby ngasongpedais

i nterrupted, whereby the conpressor in operation is not starved of

refri ger afPPIASISOTA 1Bur EBent-h fRYepetUM |sndtdpandédings 26re26) geration is

system conprising a refrigerant circuit A which is forned by
which branch from upper portions of the first suction piping

25 and are connected to other than the compressor 1A with the
smallest capacity among the compressors (1A, 1B, ;), i.e., to
15 the compressors (1B, lc; ..), respectively.

In the seventh invention, in the first suction piping 25
the refrigerator oil is separated because of the difference
in specific gravity between the refrigerator oil and the gas
refrigerant. The separated refrigerator oil flows in the

20 pipe bottom. Then, the separated refrigerator 0il is brought
back to the compressor 1A with the smallest capacity from the
first suction piping 25. Accordingly, by a simple
arrangement of making a change in the piping structure, it is
possible to secure refrigerator oil for the compressors 1A,

25 1B, .. at low costs and without the drop in power.




successi vely connecting, through a refrigerant piping, a pair of

hi gh- pressure done type conpressors 1A and 1B connected together in
parallel and differing in capacity fromeach other, a four-way sel ector

val ve 2, a heat-source side heat 20 exchanger 3, a pressure-reducing
nmechani sm 4, and a heat application sjde heat exchanger 5, and which is
formed by bringing the conpressors 1A and 1B in co Regaraberngdd3 each

ot her through an oil equalization pipe 48. An oil separator 36 capabl e of
separating a refrigerator 2s oil in a discharge gas refrigerant is disposed
in a di schaxgeeighpth Dévesrieion20@8pends ngn4Zhef dih@ncomprassions 1, and 1B.
Further, an oil return passage 37, through which the refrigerator oil

separ at edvli¥rht hehepidils eptanomeshaind snezurisehalde tiie Stichi earside of each
of the conpressors 1A and 1B, is provided. 5 Additionally, an

openi ng/ adigs Ay wdlice 40rmehachars ofoske st g thimeper i o that £ither one
of the conpressors 1A and 1B is stopped, is disposed in the oil

equal i zatdoymwpirgdy 4@rened tlvarefrownidgert Ipiipav @nldyorzs Wik daoth itthe a
conpressors 1A and 1B are in operation, the refrigerator oil separated in
10 thé oilowsgpapation36ofinctHehe veet Lt gEr glipe 021 ifaddie sHE! iwHbQAS
refrigerant are returned to the conpressors 1A and 1B through the oil
return passdagentayl AtoddialectibRalaakasges ageyst ehahhenkef birggrator oil is
returned to the conpressor 1A with a larger capacity. The internal pressure
of the 15eraigel- qeipaci 2y, conpreissar dctfohi ghginghapst hatief tke

smal | er-capacity conpressor 1B. As a result, the refrigerator oil travels

f rom t he cbangetedapsici érye condr eRsHso LA €0 4 heoserl Led - sapagit %i @npressor
1B through the oil equalization pipe 48, thereby ensuring tha he
refrigerabdy 29 and, iax paei btket yerd! Wdetet BohPLeSHPIBSSAR +Aeand 1B.
This is unlike the conventional technique in that refrigerator oil can be
secud@d smallést phepatityonprawesar StHA aomipddsskirshouA, hawi ng, t 0,pgr f orm oi |
equal i zati on operation control to cause the conpressors to operate

al t er nat ebgond A@-tDevepbpin@)(®H, 26, .. which are connected, at one

ends thereof, to sidewall portions of the pipe body 28 and,

at the other ends, to other than the compressor 1lA with the

smallest capacity among the compressors 1A, 1B, .., i.e., to
15 the compressors 1B, 1C, .., respectively.

In the eighth invention, the suction gas refrigerant flows,
from the vertical pipe 27, into the pipe body 28 where it
rapidly expands and, aé a result, the refrigerator oil is
separated from the suction gas refrigerant. The separated

20 refrigerator oil is brought back to the compressor 1A with
the smallest capacity from the first suction piping 25 by
gravity and inertia. Accordingly, by a simple arrangement of
making a change in the piping strucﬁure, it is possible to
secure refrigerator oil for each compressor 1A, 1B, .. at low

25 costs and without the drop in performance.




At the tinme when either one of the conpressors 1A and 1B is stopped, the
openi ng/ closing valve 49 is closed, thereby inhibiting the refrigerant from
traveling through the oil equalization valve 48. As a result of such
arrangenent, the 5 novenent of the refrigerant from one conpressor in

operation to the other which is beingg§topped I's interrupted, whereby the
conpressor in operation is not starved of refrigeratof9Becemieri20f8ent h

i nvention depends on any one of the eleventh, 10 twelfth, and fourteenth
i nventions, in which a suction pipe 38 of the conpressors 1A and 1B is
di sposed beRownistktimverdpgeni dgpedbdA emdE0B ioftht Haveonjsressior svhlidhand 1B
In the fifteenth invention, when one of the conpressors with a | arger
capacity itbesbdppeetwin Imechheishhzrisompleesiponflad Wokhzentsamldreyatcapaci ty
s in operation, it is possible to avoid a flow of refrigerator oil into
t he | ar gedigmpber tpipeoRPr essah . fdERBESTRa £F JHE HeNYEMEE 6N Waromxdiang to t he
present invention, by use of the 20 difference in capacity anong the
conpr essowBoddé\, véBtical ,ctdms—sebtigraht aredi isi Sargétir BRsnt @nhbheop! ur al
conpressors 1A, 1B, and so on. This is unlike the conventional technique in
that r#frther auctionl ldae e, secufiatst osudttiorcOpRpEESORS IbhidkB, is. -
wi t hout having to performoil equalization operation control 25 to cause
the conpresswectedd) apebateendteligraiodl,y toSdChipe-wall portion of the
horizontal great-diameter pipe 29 and, at the other end, to
the compressor 1A with the smallest capacity among the
compressors 1A, 1B, .., and second suction pipings 26, 26,
10 which are arranged to concentrically face the center of the
horizontal great-diameter pipe 29 and are connected to other
than the compressor 1A with the smallest capacity among the
compressors (1A, 1B, ..), i.e., to the compressors (1B, 1cC, )y
respectively.
15 In the ninth invention, the flow wvelocity of the suction
gas refrigerant flowing through the horizontal great-diameter
pipe 29 is relaxed. As a result, there is created an annular
flow of the refrigerator oil at the pipe-wall side where the
flow velocity is slower, and the refrigerator oil is
20 separated from the suction gas refrigerant. The refrigerator
0il thus separated is returned to the first compressor 1A
with the smallest capacity from the first suction piping 25.

Accordingly, by a simple arrangement of making a change in

the piping structure, it is possible to secure refrigerator




29 Decenber 2003 arrangenment therefore allows the refrigeration systemto
constantly provide necessary refrigeration power and, at the sane tine,
makes it possible to positively secure refrigerator oil for the plural
conpressors 1A, 1H, and so on. 5 According to the sixth invention, when the
conpressors 1A, 1H, ... are in operation, the refrigerator oil separated in
th(rarpoil separator 116 and the re]l‘ori gerlgtor oil in tgezglpﬁqetﬂ'r'pﬁj 03
refrigerant are preferentially returned to the conpressor 1A with the

smal | est capacity, thereafter being returned 10 successively fromthe

conpr essoroillA far tdeehcamppesssrs 18, 1B, ... atthav apet$ oamd witklone
internal pressure by the done internal pressure difference (the

conpr essortie BAopnierpedfopmaasacte > the conpressor's 1B internal pressure >

the conpressor's 1C internal pressure > ...) . This is unlike the 15
conventi onala teahbnhi tteertiohhatpesds | geraalyobnei df care eveachy edidioth t he
pl ural conpressors 1A, 18, ... without having to performoil equalization

oper at i on am@ntmriaktht Ancansoddie ioonpriehsahe balopetate padergeat¥ yis
According to the seventh invention, in the first suction 20 piping 125 the
refri ger atd@nnecked st amar &t edt becatisen @fipihg 28 f ference in specific gravity
between the refrigerator oil and the gas refrigerant. The separated
refrigeratonnoithef tewshi Anv&et e trd trxafrifbeasepas i egepfdtcgeriat or oi |
i s brought back to the conpressor 1A with the smallest capacity 25 anong
the conprasgor 8i1A séfdrator via tierddsr stvishctilon piefiriigeratdr 2 idecenber
2003 125. Accordingly, by a sinple arrangenent of making a change in the
pi pi Ng st rsphthed i frdns MRS Suklk@oh0gaeCcHé fr igfrainger aherediter bdiigy
conpressors 1A, 1B, ... at |low costs and wi thout the drop in power. 5
Accor di ng rie@ukhed etgitle coMphéssy, IAh&isHCthersmgaddesefl capes ait. flagws, from
the vertical pipe 127, into the pipe body 128 where it rapidly expands and,
as a rnesulat reshety efkd@geriat @b aekdi so sefier at ethahgemihhehés uct furt ugas
refrigerant. The separated refrigerator oil is brought back 10 to the
conpressoflAivé t boinpeesdtad | @At Cpacekym@lmngthée caeipyessrw-thAe 1B,
via the first suction piping 125 by gravity and inertia. Accordingly, by a
si mpl e ar raegeoent of making a change in the piping structure, it is
possible to secure refrigerator oil in the conpressors 1A, 1B, ... at low
15 costs an#nw d¢levehthheirdreopxiom pbserinténdeddi fuy t @ t hefmigdrdatiipwent i on,
the flow velocity of the suction gas refrigerant flow ng through the
hori zont abygtemt chmprEisdngpapeeipdyémantelcdixedit A8 whidsuilst forlmedebgccurs an
annular flow of the refrigerator oil at the pipe-wall side

15 successively connecting, through a refrigerant piping, a pair

of high-pressure dome type compressors 1A and 1B connected

together in parallel and differing in capacity from each

other, a four-way selector valve 2, a heat-source side heat

exchanger 3, a pressure-reducing mechanism 4, and a heat-

20 application side heat exchanger 5, and which is formed by

bringing the compressors 1A and 1B in communication with each
other through an oil equalization pipe 48.

An o0il separator 36 capable of separating a refrigerator

0il in a discharge gas refrigerant is disposed in a discharge

25 piping 47 of the compressors 1A and 1B. Further, an oil




20 where the flow velocity is slower, and the refrigerator oil is separated
fromthe suction gas refrigerant. The refrigerator oil thus separated is
returned to the first conpressor 1A with the snallest capacity anong the
conpressors 1A, 1B, ... via the first suction piping 125. 25 Accordingly,
by a sinple arrangenent of naking a cq nge in 29 Decenber 2003 the piping
structure, it is possible to secure refrigerator oil 29Decembem20essors 1A,
1B, ... at low costs and without the drop in power. According to the tenth
invention, the refrigerator oil 5 separated in the oil separator 116 nerges
W th the regftiger ®B6page| Ibpartdiredghr owhidie StHd | R rYAgerSESF 964 gt and
the nmerged refrigerator oil is returned to the conpressor 1A wth the

smal | est cigPAdiated AB the esidl tsephiater i 36 NDs NeatrhedMRK et fe CHANGE, { N t he
structure of the conpressor 1A (for 10 exanple, the casing structure

t her eof ) . SAc€oPdi hle tapnpresebey i lridnuent i onprevigalot Rad he; ressors 1A
and 1B are in operation, the refrigerator oil separated in the oi'l*’

separ at or 36 pedingéclef ingeradiver 38, wWhichhe sSualds@l IAS ebihogrant are
returned to the conpressors 15 1A and 1B through the oil return passage 37.
Then, &l tkeuphessdmy gbk amdumB atet Beoppéd) 985 ak9Epoid if rgLurRgd to the
conpressor 1A with a larger capacity, the refrigerator oil travelS to the
smal | er - cipaern yasmagee3zor 1B t hrough the oil equalization pipe 48 because
the internal pressure of the 20 | arger-capacity conpressor 1A becones

hi gher t hanI heite eflevhetsnivenrticapashdy KEHHORASSOSmdBessHYisS ﬁ”ﬁées that
the refrigerator oil is positively returned to the conpressors and 1B.
This is ulBiReet he opavantimnathd ecdiyigeeatdrt Bai gg&g}g@&gtﬂ ﬁ“" can be
secured for the conpressors 1A and 1B 21 2g Decenber 2003 wi t hout having
to perfor@ibiseraqasbirzai and oger aldrangeoatsPloi0 GAYSE gggtﬁgﬁ’rp%gsssors to
operate alternately. Further, during the period that both the cOnpressors
1A anl 1H el asreppeare tie urpeni g/ €l Hongreabyes 3% imaCh8Sehrob, her eby
placing the oil return passage 37 in the non comunication stat e This
prevent s ¥ife oddf regeranpassayn fBrowi ng traareidd)e asuat-hep sholend the oil
separator 36 when the operation is stopped. According'to the twelfth

i nvent i orthensefrboenatdr dil denpeessosd toA tard cbRpab8sbP QPEI@AL gn. the
refrigerator oil separated in the oil separator 38 and the refrigerator oil
in the sUGEEEH geapacdftyi-ger diite aistestalr nettebsutde SFONPRESSA LA and 1B
through the oil return passages 37A and 37B. Then, although a arger anount
of the r EAPRGEFHt BPMRIESSOr rldk ursnduighert o:Halne th@RPIES e Jhatiilh_a | ar ger
capacity, the refrigerator oil travels to the snmaller-capacity conpressor
1B t HP ouGRPRALLYD| FomREiRsOratliBan PAper 4Behelausthd hiee f rilRra@br Pbggsur e of
the larger-capacity conpressor 1A becones higher than that of the

smal | er - E5puEtE y EGWpr dd6or lapyerfitiapagrisyr esompadssdie AR rebri ggeat or 0i |
IS positiveﬁ/ returned to the conpressors 1A and 1H This is unlike the
convent | SAAT T EEIIRRGEEY | FORREESTT riByettmghoithecanlbedrauredidr t he
conpressors 1A and 1B without having to performoil equalization operation
control PHPadtla t HRex&pr €85e¥ing o thper athe alredrngesdtor oil is

positively returned to the compressors 1A and 1B.

20 This is unlike the conventional technique in that
refrigerator oil can be secured for the compressors 1A and 1B
without having to perform oil equalization operation control
to cause the compressors to operate alternately. Further,
during the period that both the compressors 1A and 1B are

25 stopped, the opening/closing valve 39 is closed, thereby




~2 29 Decenber 2003 Further, during the period that both the conpressors 1A
and 1B are stopped, the opening/closing valves 39A and 39B are cl osed,

t hereby placing the oil return passages 37A and 37B in the

non- communi cation state. This prevents the 5 refrigerant fromfl ow ng
toward the suction side fromthe oil sgparator 36 when the operation is
stopped. According to the thirteenth invention, at th29Decembes2068t her one
of the conpressors 1A and 1B is stopped, the opening/closing valve 49 is
closed, thereby inhibiting the 10 refrigerant oil fromtraveling through
the oi | edqUa5iPgt itde Siige MBI urAs passegal B7ofinsutle atdrargemantcat ¥, NOvenent
of the refrigerant fromone conpressor in operation to the other which is
bei ng sto&ﬁ@(g}ei-s Thirpugyesds vheredir idezandnPras SlowihgOpekatd Ofhd S Not
starved of refrigerator oil. 15 According to the fourteenth invention, when
both the E8FbAe8sside 19f abhe I®mpmESsOropar drb@nthé heil ef&pHestaor3¢i |
separated in the oil separator 36 and the refrigerator oi’]b in the suction
gas refri g8eantharepgratipneds t stagpedconpr essors 1A and 1B through the oil
return passage 37. Then, although 20 a |arger anount of the refrigerator

oi | is3retuBntdelfth Hoveatrpoesssr idtemddd far ar gerredeast ioh i en
refrigerator oil travels to the smaller-capacity conpressor 1B through the
oi | equal FeBPFbNiNYE pe 48ebebpursatt heirotuet nal RWhassUr €sOf fd hARg by

| ar ger-capacity conpressor 1A becones higher than that of the 25

smal | er - cApeeedsivedypressertiy, Thirsughsaras tiharahbepipdy,2g ngenber 2003
refrigerator oil is positively returned to the conpressors 1A and 1B. This
i s unli keof hBighripesssugealdomec iypguesdmprebsabrs eini gaAANSI Rinhes8Bgbe
secured for the plural conpressors 1A and 1B wi thout having to perform oil
equal i zat ¥egrtdiear ain opabatbelt r ahdt alifFesend hanC FBEREIQY Sridh ORSLAL €
alternately. Further, at the tinme when either one of the conpressors 1A and
1B i sl&t opfet - thefcowemangbelesiog wvalwe 49 d sheltosedrcbhgigbyniphi bi ting
the refrigerator oil fromtraveling through the oil equalization valve 48.
As a resuitchangsych 1(r apresyeremeduttieg mmeeneniswf 4t hanuefs i gegat or oi |
fromone conpressor in operation to the other which is being stopped is

i nt errupta®PligRéiepyside beapr essbanger oper andowhishnals Stamegd
refrigerataor oil. According to the fifteenth invention, when one of the 15
conpr essFENGLPE Bhe fQRRTesspasi (FA s1Bki iy cimoupddavhbh ewihe &idier
conpressor Wth a smaller capacity is in operation, it is possible to avoid
a flow ofPtPEfr FREPUAbANOPRL| gwatiration pipe 48.

15 An oil separator 36 capable of separating a refrigerator
oil from a discharge gas refrigerant is disposed in a
discharge piping 47 of the compressors 1A and 1B. Further,
0il return passages 37A and 37B, through which the
refrigerator o0il separated in the oil separator 36 is

20 returned to the suction side of each compressor 1A and 1B,
are provided. Additionally, opening/closing valves 39A and
39B, which are closed during the period that both the
compressors 1lA and 1B are stopped, are disposed in the oil

return passages 37A and 37B, respectively.




| ar ger-capacity conpressor. BRI EF DESCRI PTI ON OF THE DRAW NGS 20 Figure 1
is arefrigerant piping systemdiagramof a refrigeration system according
to a first enbodi nent of the present invention. Figure 2 is a piping system
di agram showi ng an arrangenent of a suction line section in the
refrigeration system 25 according to t,he first enbodi nent of t r esent
i nventi on. 29 Decenber 2003 Figure Yisa pi pi ng systdecemp %'?%Q\&Show ng
an arrangenent of a suction line section in a refrigeration system
according to a second enbodi nent of the present invention. Figure 4 is a
pi pi ng syst &m chagamfshowhnentaiomgr megebenh thefcanmueskioon LAnendecti on in
a refrigeration systemaccording to a third enbodi nent of the present
i nventi oniBFagdr énSopérat pmi nches yisd Amgéiragoanpihowkepgratedr imngreent of a
suction line section in a refrigeration systemaccording to a fourth
enbodi mendiDf sdgurapbesent ahdveid itstriferktgurei irs ther eictgenagascircuit
diagram of a refrigeration systemaccording to a fifth enbodi nent of the
present i pyernidedantFagereethrnnedatpi phegapsieesods agrk amnds hewkthgoagh
arrangenment of a suction pipe section in the refrigeration system 15
accor i§ nogth® die rdthikrh pabegiaEntzaohnihe7pr esenttidtvasimegna Faggee 8 is a
tabl e providing a description of the operating state of conpressors and
sol enoi d gRaN@Clhasi RErYader@orn odll ehr rgeiBidd oS thkeFLAFEOSSHhAY L0 a
si xt h enbodi nent of the present invention. 20 Figure 9 is a piping system
di agr am sfwwyigh aa aErgagerRphcotya sumd ointini@ls gaidsenren dfhethe
refrigeration systemaccording to the sixth enbodi nent of the present
i nvent i onia RSl cplEi fFORCEMADENE O TSE R INAENTI €Madleerabablterthe
enbodi ments of the present invention will be

smaller-capacity compressor  1B. As a result, the

10 refrigerator oil travels from the larger-capacity compressor
1A to the smaller-capacity compressor 1B through the o0il
equalization pipe 48, thereby ensuring that the refrigerator
0il is positively returned to the compressors 1A and 1B.

This is unlike the conventional technique in that

15 refrigerator oil can be secured for the compressors 1A and 1B
without having to perfofm 0il equalization operation control
to cause the compressors to operate alternately; Further,
during the period that both the compressors 1A and 1B are
stopped, the opening/closing valves 39A and 39B are closed,

20 thereby placing the oil return passages 37A and 37B in the
non-communication state. This prevehts the refrigerant from
flowing toward‘the suction side of each of the compressors 1A

and 1B from the o0il separator 36 when the operation is

stopped.




25 described in detail with 25 29 Decenber 2003 reference to the

drawi ngs. FI RST EMBODI MENT Figures 1 and 2 show a refrigerant piping system
of a refrigeration systemaccording to a first enbodi nent of the S present
invention. As shown in Figure |, the present refrigeration systemis
provided with a refrigerant circuit A;sThe refrigerant circuit A is formed
by successively connecting, through re?rigerant pipin§9[¥%@"38ﬁﬁﬂﬁgkors 1A
and 1B connected 10 together in parallel and differing in capacity from
each other, a condenser 102 which is air-cool ed operating as a heat
exchanger o tthdriheahtlsoimeosntsiogie dependgpansany vad vef 10Be opkewentiy as a
pressure reduci ng nmechanism and a pair of evaporators |04 and 104

connect ed and paedftel irrhtdpes at imgetlichasha diehtewradliaagéon opipdel8

heat - application side. In the present enbodi nent, the capacity of the first
conpr essorisl Arioy idetiRyithemeapeniegéapacingy vaflvehddsebdoll toHnpressdr 1B i S
5 HP. An oil sunp part of the first conpressor | A and that of the second
conpr essordutBngr eh@ paxtimde chetl ¢ Dgeihenebyf atheidompaeakbrzat {w, pigge 109.

| nt er posed between the condenser 102 and the expansion valve |03 are a
recei var l@5seeppedted to the outlet side of the condenser 102, a first
super cool i ng heat exchanger 106 which is air-cool ed for supercooling of

l'i qui d refrirgetnat tRxrtdedfhaihventibphasetpartinaf whba eetkévesnel@F with

out door air, "6 29 Decenber 2003 and a second supercooling heat exchanger

107 for fuwhehefonfpitees6o9| 1Ag adll tie Sspeteppedd theubdenehdidieysmg from t he
first supercooling heat exchanger 106 with vaporization |atent heat of a

gas- | i qui Ganveed9r akr icgesad} . thdsins echfibhit bng hehe ondensgeratd?z aid t he
first supercooling heat exchanger 106 is an outdoor fan 108. A portion of
t he |iqui drbaf kirgeedig f tiradghe dhequiid phaatipatiowfpipe 4®cei weral 05 is
pressure-reduced by a tenperature-sensing expansion valve 110 and
t her eabt eresilt of such arrangement, the movement of the refrigerant
from one compressor in operation to the other which is being
stopped is interrupted, whereby the compressor in operation
is not starved of refrigerator oil.
A fourteenth invention is intended for a refrigeration
15 system comprising a refrigerant circuit A which is formed by
successively connecting, through a refrigerant piping, a pair
of high-pressure dome type compressors 1A and 1B connected
together in parallel and differing in capacity from each
other, a four-way selecfor valve 2, -a heat-source side heat
20 exchanger 3, a pressure-reducing mechanism 4, and a heat-
application side heat exchanger 5, and which is formed by
bringing the compressors 1A and 1B in communication with each
other through an oil equalization pipe 48.

An o0il separator 36 capable of separating a refrigerator

25 o0il in a discharge gas refrigerant is disposed in a discharge



10 supplied to the second supercooling heat exchanger 107. A

t enper at ure-sensi ng tube 110a of the tenperature-sensing expansion val ve
110 is disposed in a gas piping 112 which connects the second supercooling
heat exchanger 107 and a suction pipe 111 formng a part of a suction |line
X of the 15 conpressors 1A and 18. |In.other words, t te rature sensing
expansi on valve 110 is designed so thnlgt it is opencoﬂg}:)(ﬂcﬁl e&@tbggdi ng to
the tenperature of a gas refrigerant flow ng through the gas piping 112.
Provided in the refrigerant circuit Ais a hot gas bypass 20 circuit |13 by
whi ch t heptbhchatYeosi dbeardmphiessoct i dA einde 18+ t hBucrthmr.essor 9ilA and 1B
are connected together. Disposed in the hot gas bypass circuit 113 is a

sol enoi d vpenimg/pelsesgag Yal vethirbhghhi ghifck opehedrdfo igegwenat vatlium
operation when the | ow | evel pressure excessively drops. 29 Decenber 2003
An oi | seperaataded]116, tbepabl esafarsgpar 361 hg petwfnedgaoattbe euttiomt ai ned in
a gas refrigerant, is disposed in a discharge piping 115 of the conpressors
1A and 1Bsideheof efeacyercft othei tomppessdmsd 1k &hé diH, sipapaboeiddds is 5
returned to the small er-capacity conpressor 1A through an oil return
passage IKdHitdenwilly, bendepenibgdclatiory ivaldet aid,. Whiposid eDosdd Oi
return passage |17 are a sol enoi d opening/closing valve 118 which is opened
when t he dwefimiggehat perdod tisat e¢itvhead caed of adpi icbapyessdres 110. add The
evaporators 104 and 104 are each provided with an indoor fan 120. In the
refrigeraB isi stopped, ix diephseadl ire thizl oiid equal dedt ian phpeddEchar ge si de
of each conpressor 1A and 1H. Further, disposed in the refrigerant circuit
A are sol ena chepdourgéehtsi gverad vems 1d2nf bothonheokbnpgeddrersl amuppl y of
refrigerant to the evaporators 104 and 104, a sol enoid openi ng/cl osing

val ve 12&nidorlEcater aid i sygerdtdonypphy afefréfergesmndil osépeer se@ionich

supercool i ng heat exchanger |07, and a shut-off valve 124. Further, as
showl0i n thiegoié Bepatmtcaudtt andl ithe Reffiddmaatd@ odalpiessihe ssudtiand 1B i s
provided with an oil return nmechanism Z by which the refrigerator oil,

separ at edyabr gmafirfigesant i enegastuehed géparthe icompreseoent Lal landr aBurned to
the smal |l er-capacity conpressor 1A. The oil return mechanismZ is fornmed of
a first gshebigh phei agl126twin chasmegea Ifi-.verASthangtimeand ilargyeyst antial |y
hori zontal, form ng a part of the 29 Decenber 2003 suction line R and

bei ng commeonedof otheerasfirdigesatenpatl tis cegragineg tonphessampri&socand a
second suction piping 126 which branches off from an upper portion of the
first sudfi ofithi ;@ naresr arapasityonne&hed ingernal | argesuxreapati theconpr essor
5 1B. Moreover, the oil return passage 117 extending fromthe oil separator
116 il§ cdangereepRrasittiye ¢9npyessQEt i ¥ pf pihdghpps than that of the

smaller-capacity compressor  1B. As a result, the
refrigerator oil travels from the larger-capacity compressor
1A to the smaller-capacity compressor 1B through the oil
equalization pipe 48, thereby ensuring that the refrigerator

20 o0il is positively returned to the compressors 1A and 1B.
This is unlike the conventional technique 1in that
refrigerator oil can be secured for the plural compressors 1A

and 1B without having to perform oil equalization operation

control to cause the compressors to operate alternately.




In other words, the refrigerant circuit A has a distribution nechanismR
for returning the refrigerator oil 10 to the conpressors 1A and 1B. The

di stribution mechanismR is arranged such that the refrigerator oil in the
refrigerant circulating through the refrigerant circuit Ais distributed to
t he conpressor 1A and 1B according to.the difference in capacity between
the conpressors 1A and 1B. The distributi on 15 mecha®9desenaber 2@0%r esent
enbodi nent operates so that the refrigerator oil in the refrigerant
circulating through the refrigerant circuit Ais distributed fromthe

smal | er capast tyhe aipeessen dikherhenéi 6 5ttoRPMEEessdrs AL ardotibelis
conpressor, i.e., the second conpressor 1B. 20 Mdre concretely, the

di st ri but sesppe@t,habhe mdgennalyebss ile valvequal i vat coBsed pe th@2eblyhe oi |
separator 116, the oil return passage 117, and the oil return mechanism Z.
The di str i byt Oiingectiani 88T R dexatiesi oad sthellihgt th@ugdf rigerator oil
separated in the oil separator 116 and the 25 refrigerator oil contained in

the sucti equgbBszdtabhi gelvata®df as2a 2@sbeeesbesudV i ddigemenp) esgors | A and
1B are preferentially returned to the smaller-capacity conpressor | A As a

resul ts of nSwerdr INGBBERES r Mt & reANMBHESEOKSrdsSANd nl Bpak 8t i dn
operation, the refrigerator oll separated in 5 the oil separator 116 and
the refrigerefd®ro@idr iwhildhe isUBkiag g8spp&d rigelimtr rAipRchft WhBLEh$ O the
smal | er-capacity conpressor | A Thereafter, the refrigerator oil is
returned £ROMéhrddsbst iGOMYPY2a896n! Ast Aoth@taeeend ogomRresg§eraddt whose
done internal pressure is lower, by the difference in 10 done interna
pressure &ihe internal pressure of the conpressor | A > the internal
pressure of the conpressor iB). This is unlike the conventional technique
in that refgigeraledtnOihvemidift EeWa8d ohOhnyheneoBRr @asokseldnald 1B
w t hout having to performoil equalization operation control 15 to cause
the copressdts,t anapgbateeddier NMBi@itionk) agdivhi®R, ai Buéhon rgi;ste of the
first suction piping |25, the refrigerator oil F is separated by the
di fferencss i 6f SPREi| bokpeesiersy 1etayens hesr afispgssat pe1sw | sedidrhe gas
refrigerant and flows in the pipe b4dttom The refrigerator 20 oil F thus
separ at etbpen ihgkUs 0@ caridd stolseos NMethé fompapasbiy ToMEHEssor | A via the first
suction piping 125. Accordingly, with a sinple arrangenent by nmaking a
change in time fHepi ADftSdentht Uinenttiohs @ASAI ine tdf Sekelr eonpfdédsgaisat or oi |
for the conpressors | A and 1B at |ow costs and without the drop in 25 power

29 Dediamber 120§8r Feupdrarty disneeopped orlilrecttien opaes agemdriessiox connect ed
to the first suction piping 125, this causes the refrigerator oil separated
in ths oiwitheparsatadletlcapacirey gis wih hopéeatriein, gisr atsorpassibdepawat ed from
the suction gas refrigerant 5 in the first suction piping 125 and to be
ret urned awitlhea fflot cHnpeésigerdthr and t hete tbendamger-¢apateake a change
in the structure of the conpressor | A (for exanple, the casing structure
etc.). Theompresseturn passage |17 may be connected directly to the first
conpressor | A

EFFECTS OF THE INVENTION

According to the present invention, by use of the

20 difference in capacity émong the compressors 1A, 1B, .., the
refrigerator oil is returned to the plural compressors 1A, 1B,

and so on. This is unlike the conventional technique in that
refrigerator oil can be secured for the compressors 1A, 1B, ..
without having to perform oil equalization operation control

25 to cause the compressors to operate alternately. Such




10 SECOND EMBODI MENT Referring to Figure 3, there is showmn a suction line
section in a refrigeration systemaccording to a second enbodi nent of the
present invention. For the case of the second enbodinment, the refrigeration
15 systemis provided with three conpressors | A 1B, and 1C havi ng
different capacities. The first suctHgn pi ping 125, connected to the first
conpressor | A is connected, at its upper portions, mher 2093
conpressor 1B and to the third conpressor 1C by the second suction pipings
126 and 126. The 20 ot her arrangenents and operation/functions are the sane
as the fiastangehedt metierafdrehedrladl@scthpt irefriigerheied orsgsaent t ed. 31 29
Decenber 2003 THI RD EMBODI MENT Referring to Figure 4, there is shown a
suction lddmstaactiyoprovide rmafdesgarat rofir systaarioac powdirngnd p &t t bhed

enbodi ment of the present invention.: 5 For the case of the third

enbodi merdamet het Dd, r eldk&s NedhanigiBsdbile f aldredposiviwet | cabeproe 127

whi ch constitutes a part of the suction line R and has a downwardl y- opened
| ower endiefaipepaetbpdyillIBrt enarshwhilckoapkevesrpara, ab,t badvestosal pi pe

| 27 faces and which has a 10 horizontal cross-sectional area |arger than
that of thaceerfisgl tdi e iktha ihiveastisnCluldh ARl RGmp2EsydL 1A S
connected, at one end, to a |ower end of the pipe body |28 and, at the

ot her ends,tQ hhe inrslerc@iphessy defrdigbbatbe Simidepatratagach tyhe and a
second suction piping 126 which is 15 connected, at one end, to a sidewall
portion @filt BepRiPeobady L3A8 ané, refrilgeeatbhesiknich the bhiet s&€ gk
conpressor 1B. As a result of such arrangenent, the suction gas

refri ger alrr iybt&ft hace fhrameaehbigl therqipachody B8 Esmprddwverd i cal pipe
| 27, expands rapidly in the interior of the 20 pipe body |28, wherein the
refriger ati@h Oithei s smapaeat edcipmdyhe twereapt@as breind ger@nirnethe
refrigerator oil thus separated is returned, through the first suction

pi pi N0 | 38cckdsivel ¥ arvmeshor confprassoiratat yo ailtk idomplreasoddi 88t hier,ef ore
makes it possible to secure refrigerator oil for the 25 conpressors | A and
1B with a sthgd earearicargentit dohenaikit@égnadl pressure by the dome

internal pressure difference (the compressor’s 1A internal

pressure > the compressor’s 1B internal pressure > the

compressor’s 1C internal pressure > ..). This is unlike the

15 conventional technique in that refrigerator oil can be

secured for the plural compressors 1A, 1B, .. without having

to perform oil equalization operation control to cause the
compressors to operate alternately.

According to the seventh invention, in the first suction

20 piping 125 the refrigerator oil is separated because of the

difference in specific gravity between the refrigerator oil

and the gas refrigerant. The separated refrigerator oil

flows in the pipe bottoﬁ. The separated refrigerator oil is

brought back to the compressor 1A with the smallest capacity

25 among the compressors 1A, 1B, .. via the first suction piping




32 29 Decenber 2003 change in the piping structure, at |ow costs and

W thout the drop in power. The suction gas refrigerant is drawn according
to the suction pressure of the conpressors | A and 1B. Moreover, 5 also in
such a case, the nunber of conpressors may be three or nore. The ot her
arrangenments and operation/functions are the sane as the first enbodi nent
and their description is therefore omi’tt ed. FOURTH EMSOPRSRRIPerd0@@s err | ng
to Figure 5, there is shown a suction line section in a refrigeration
system according to a fourth enbodi nent of the present invention. For the
case of tigsfowdchbremheri ment 2 shepdé | arrengenenechfimaking aschanged of a
hori zontal great-dianmeter pipe 129 15 which constitutes a part of the
suction |ifme xh@ndphgsng Vettiedlresr osg sepd i opassvlen | s gesettipe that of
the suction line R a first suction piping 12S which is connected, at one
end, to arpfperesakbrpoili 9 ehet bemppessarit ala, gremt - di streiew poPes 129 and,
at the other end, to the first conpressor A 20 with the small est capacity,

and a secgil WHE4EbLENt I RirD 136pabégh concentrically faces the center of
the horizontal great-dianmeter pipe 129 and is connected to the second

conpr essor aAdBorAsng resul thof sughtrrralaakesh, ashshovicHyord fow 25
velocity distribution Y, the flow velocity of a suction gas 33 29

Decenber 2003 feebht 0e1sWd, frrom Reet beptghal hsigeonizontato gt@@tafgémet er
pi pe 129 is relaxed, so that there occurs an annular flow of the

refriger sty oizs ahthe Ritperapdldiysidgansr addle 44 ow vel«qitty tife sl ower
and the refrigerator oil and the suction 5 gas refrigerant are separat ed.

The refrigenaleragbt tBys sapar algfhrateet urbad tthel hesdddish cojgy essor | A
with the smal I'est capacity via the first suction piping I25. This therefore

nmakes it POSSigRkEnt 0 SERAIrSegRhltiederakpigatdtorobil hesCoapagss acklA and 1B
with a sinple arrangenent of making 10 a change in the piping structure, at
| ow cgst sc@anehaM éhpiessor 1A with the smallest capacity among the
compressors 1A, 1B, .. via the first suction piping 125 by
gravity and inertia. Accordingly, by a simple arrangement of
making a change in the piping structure, it is possible to
secure refrigerator oil in the compressors 1A, 1B, .. at low
15 costs and without the drop in power.
According to the ninth invention, the flow velocity of the
suction gas refrigerant flowing through the horizontal great-
diameter pipe 129 is relaxed. As a result, there occurs an
annular flow of the refrigerator oil at the pipe-wall side
20 where the flow velocity is slower, and the refrigerator oil
is separated from the suction gas refrigerant. The
refrigerator oil thus separated is returned to the first
compressor 1A with the smallest capacity among the

compressors 1A, 1B, .. via the first suction piping 125.

25 Accordingly, by a simple arrangement of making a change in




the drop in power. The suction gas refrigerant is drawn according to the
suction pressure of the conpressors | A and 1B. Mreover, also in such a
case, the nunber of conpressors nay be three 15 or nore. The ot her
arrangenment and operation/functions are the sane as the first enbodi nent
and their description is therefore onhbted. FI FTH EMBODI MENT Referring to
Figures 6 and 7, there is shown a refifirgerant 20 pi pi 89 Decendar@003
refrigeration systemaccording to a fifth enbodi nrent of the present
invention. As shown in Figure 6, the refrigeration systemof the present
enbodi mentthes edagustoficturef rilgerantosiiblei toAskenrbeabrPUIP LYPe air
conditioning fornmed by successively 25 connecting, through a refrigerant

pi pi ng, a%gi Anothe @mpresPecentrer 1H)03 8ONDHE SRS hAdapde 1B aHect ed
together in parallel and having different capacities, a four=way sel ector
val ve 2, &rppainspawers-si de heat exchanger 3 to which an outdoor fan 11 is
attached, an expansion valve 4 operating as a pressure 5 reduci ng nechani sm

and a heat - 4ppPrdiatd ohosite heaitlexchasgeiod, eRd Feefipbggrant Ghreuit B
for refrigeration (cold storage) which branches fron1domnstrean1o# t he
expansf onseparate i nint hetheato Aunpsdparata! a9@di i [§lo) &ggﬁiggggnt
circuit A and is connected, through an evaporator 6 for 10 refrigération,

to the suc@ftﬁgenaterobiéaebpaﬁﬂﬁé@55fwmIfhéﬂghéﬁ}odﬂg%gwyégﬂiargggtcircuit B
for refrigeration may be defined as a heat recovery Circulit. ﬁbre, unl i ke

the firstardiiei mempedt hefmapaaiby 611 the rbittished MPIERS Unbfeis,d HP
whereas the capacity of the 15 second conpressor 1B is 4 FPPT AR ST | sunp
part of the Withsthe smallest capacity. As a result, there is no need
to make a change in the structure of the compressor 1A (for
10 example, the casing structure thereof).

According to the eleventh invention, when both the
compressors 1A and 1B are in operatipn, the refrigerator oil
separated in the oil separator 36 and the refrigerator oil in
the suction gas refrigerant are returned to the compressors

15 1A and 1B through the o0il return passage 37. Then, although
a larger amount of the refrigerator oil is returned to the
compressor 1A with a larger capacity, the refrigerator oil
travels to the smaller-capacity compressor 1B through the oil
equalization pipe 48 because the internal pressure of the

20 larger-capacity compressor 1A becomes higher than that of the
smaller-capacity compressor 1B. This ensures that the
refrigerator oil is positively returned to the compressors 1A

and 1B. This is unlike the conventional technique in that

refrigerator oil can be secured for the compressors 1A and 1B




conpressor | A and an oil sunp part of the second conpressor 1B are
connected together by an oil equalization pipe 48. Arranged between the

heat source-side heat exchanger 3 and the expansion valve 4 are a receiver
7 connected to a part 20 which becomes, in the cooling cycle, the outlet
side of the heat source-side heat excg nger 3, a first supercooling heat
exchanger 8 which is air-cooled for s gercooling of a29 Degechbee2008er ant
froma liquid phase part. of the receiver 7 with an external heating nmedi um
(for exanple, outdoor air), and a 25 second supercooling heat exchanger 9
of the triwilthoutbbatimpe to IerkpriceembequD0A fion pet-helosupsscanl i ng of
the supercooled liquid refrigerant fromthe first supercooling heat

exchanger t® whtbe viapoidompires8ot sit @ntogeeate 01 Getas-diiyqui d nixed refrigerant
obt ai ned by pressure-reducing a portion of that supercooled S liquid

refrigerant Fhythet erppariagut Re SaISicg tBXPaBSER N HEAlVApE8ssd P8 TRSing
refrigerant, vaporized and gasified in the second supercooling heat

exchanger 18, ame sapppped, theousderd nlgowl o4& Ua19a8s 3 Pii00 disdQ the
suction side of each conpressor | A and 1B. reover, a tenperaturé-sensing

tube 18 10hepéby helhenngr athy eoS_QnSfé\lgnQ?(pﬁH§£9§'e vajpve ;10 g, atfached to
the | ow pressure gas piping 12. Further, the air-conditioning refrigerant

circuit Acommprinstded étdred SolENQ dpARRNIHRIY/ €hOSIRAG Y 3 gppch is
opened only when a portion of the qu%id refrigerant fsa%gggﬁpg red to the

second supkewing) | tewdrent taxX CHaPgRIn 9% iddr 8N thd Nk e sgggﬁg{@,r egpodi ment,,
the outdoor fan 11 is shared between the heat source-sid eat exchanger 3

and the fiiet tsupepessticoy heakopgehanger 8. Disposed on the inlet side of
the receiver 7 is a bridge 20 circuit 14 with four check val ves 14a-14d.

The bri dge midordiihgl4 tepenalees tae1dth! Ownpahbi Sy t chhdg ngshani s That s,
in the cooling cycle, the bridge circuit I4.guidbs the liquid refrigerant

from ithe, dwmireseurseisi shed hemtaexGhargeraBid®, ke IRARIEEa{oANG; Pui des,
after the liquid refrigerant 25 fromthe receiver 7 has passed through t he
expansi orsepgira¢ed, in the oil separator 36 and the refrigerator oil in
the suction gas refrigerant are returned to the compressors
1A and 1B through the o0il return passages 37A and 37B. Then,
although a larger amount of the refrigerator oil is returned
15 to the compressor 1A with a larger capacity, the refrigerator
0il travels to the smaller-capacity éompressor 1B through the
0il equalization pipe 48 because the internal pressure of the
larger-capacity compressor 1A becomes higher than that of the
smaller-capacity compressor 1B. This ensures that the
20 refrigerator oil is positively returned to the compressors 1A
and 1B. This is unlike the conventional technique in that
refrigerator oil can be secured for the compressors 1A and 1B

without having to perform oil equalization operation control

to cause the compressors to operate alternately.




36 29 Decenber 2003 it to the heat-application side heat exchanger 5. On
the other hand, in the heating cycle, the bridge circuit 14 guides the
liquid refrigerant fromthe heat-application side heat exchanger 5 to the
receiver 7 and guided, after the 5 1liquid refrigerant fromthe receiver 7
has passed through the expansion valve,4, it to the heat source-side heat
exchanger 3. Furthernore, disposed inthe air-conditi @iDecemtieri2pd3ant
circuit Ais a check valve 15 which allows liquid refrigerant 10 to

communi cate fromthe heat source-side heat exchanger 3 to the receiver 7
only in the fgdheRg eyeing thédperomdltihat bhehathe caiirdseBr8014 €f44 ger ant
circuit Ais provided with a sol enoid opening/closing valve 16 which is
opened in Y¥heifeatiarpesy cltdet @pahlioy/ ¢ Bigimgeraiveso 3BaNaNa Cige {fom the 15
expansion valve 4 to the heat-application side heat exchanger 3 and which

i s closed GiPSeHe hbareby blatingeddeeoylcyekarh Opabsayed ef7a O8N5 O
communi cate fromthe expansion valve 4, only to the refrigeration

evapor at ortng. fiesporert-dommankicgtich pi geatld. upst rpa ofpdhent ef riggration 20
evaporator 6 in the refrigeration refrigerant circuit Bis a plate heat
exchander regréapedite fabomhéaowing hangedwehd $de idnschak 9e GRS Heet i ger ant of
a freezing conpressor 18 in a freezing refrigerant circuit C whi c% w il be
descri bed SEReERLOITHS fuhevztig amefraitgenans sidppedt. C is fornmed by 25
successi vel y connecting, through a refrigerant piping, the 29 Decenber

2003 freezi Agcenshimoestor ti8, thhetqdmite heaint@xahanger tid, t1he wn
t enper at ur e- sensi ng expansi on val ve 20, the freezing evaporator E?L and t he

accunul at 8itrexr pneeofostdte bedmyarssire hat aa@pPliisCatd 08 Shsley heaf . exchanger
5 5 and the bridge circuit 14 is a reversible circulation nechanism 23 nade

up of a sep¢minaiclesing28alvé agsdkeniodeapeninagbsy0ShAgL YR Ve 24 and a
check valve 25 for allowing the circulation of refrigerant only in the

cool i HY cyefiwiasadns odili dsoni travél DRp tHrougholeroicd 10RRRNGL 5L PS5 N val ve
26 10 and a check valve 27 for allowing the circulation of refrigerant only
in the heRtRehdtioyclRs Furehwt, dhesuadyeriabgemeht fUtRé i povdRGhanism 23 is
provided with a capillary tube 28 for |iquid escape which bypasses the

sol enoi d BpeArAigiaeprnthdreal vee 2ompressor in operation to the other

which is being stopped is interrupted, whereby the compressor
in operation is not starved of refrigerator oil.

15 According to the fourteenth invention, when both the
compressors 1A and 1B are in operation, the refrigerator oil
separated in the oil separator 36 and the refrigerator oil in
the suction gas refrigerant are returned to the compressors
1A and 1B through the 0il return passage 37. Then, although

20 a larger amount of the refrigerator oil is returned to the
compressor 1A with a larger capacity, the refrigerator oil
travels to the smaller-capacity compréssor 1B through the oil
equalization pipe 48 because the internal pressure of the
larger-capacity compressor 1A becomes higher than that of the

25 smaller-capacity compressor 1B. This ensures that the




15 Provided in the refrigeration refrigerant circuit Bis a bypass circuit
29 whi ch bypasses the refrigeration evaporator 6. Disposed in the bypass
circuit 29 is a solenoid opening/closing valve 30 which is opened only when
the refrigeration evaporator 6 is stopped. 20 Further, the refrigeration
refrigerant circuit B is provided witfy a sol enoid opening/closing valve 31
which is closed only when the refrigeration evaporat 8P Ogcembar Sd.
Moreover, the freezing refrigerant circuit Cis provided with a sol enoid
openi ng/ cl osi ng valve 32 which is closed only when 25 the freezing

evapor at orefrideragppppel.is p2gibévehpereXOUBAFuet hlee mampresisers 1A
heat - appl i cation side heat exchanger 5 is provided with an indoor fan 33,
the refrigetalBon Evbporat vnlike st ovdmeantiionhlateghniqué oinr ehat ger ati on,
and the freezing evaporator 21 is provided with a fan 35 for freezing. 5

Di sposed refmigtirethurqel pigre bé7sefuréd foanphespbusal AampdesBors dh oi |
separator 36 for separating |ubricant contained in the gas refrigerant. The
| ubri catiamd 01B winhoutepavangdtos peeformealil t équnigizadriooni bpeedtiion passage
37, to a suction pipe 38 of the conpressors | A and 1B. Disposed in the oil
10 retiur ncqesdgeo3dause aheolcenprésopenitogbpeosteagaMarnnatadywhi ch i s opened
at the oil return tine. Further, disposed on the discharge side of the
conpr essor FurAhend 48 tlee a ipree sdene esenenronk) aparhest icogpasssots gin | evel
pressure detecting neans for detecting a high-level pressure 15 which is

t he di scherdyelBr bsssirappeld,t hthec opemasgdctod hamh e dheisif oresed d
refrigeration systemhas a roomtenperature sensor 41 for detection of a

t enper at wherebyt hénhildidoimaai rthelMbrebvigeratati selidr gErvanperatel imgsensor 42
for detecting a tenperature of the discharge gas refrigerant is disposed on
20 the ditdoiomgyetbedeibf equrel atpioesvailse| 48 andAdBa aesuubt psessugle sensor
43 for detecting a pressure of the suction gas refrigerant is di sposed on

t he slict ianraggdment, t tiwe coopersssorst | thande B gekdag orefaiilgeiram amesyst em has
an outside air tenperature sensor 44 for detecting a tenperature 25 of the
out si de aompréasoheimtdperdidmg tdi Shesedhen whichi ks be9ndeseadyerd 2003
conditioning refrigerant circuit A and the freezing refrigerant circuit C
ar e shut -igf fintglrvepted, awmberEhy the compressor in operation is not

starved of refrigerator oil.
According to the fifteenth invention, when one of the
15 compressors with a larger capacity is being stopped while the
other compressor with a smaller capacity is in operation, it
is possible to avoid a flow of refrigerator oil into the
larger-capacity compressor.
BRIEF DESCRIPTION OF THE DRAWINGS
20 Figure 1 is a refrigerant piping system diagram of a
refrigeration system according to a first embodiment of the
present invention.
Figure 2 is a piping system diagram showing an arrangement
of a suction 1line section in the refrigeration system

25 according to the first embodiment of the present invention.




The refrigeration systemas arranged above provides the foll ow ng
operation/functions. 5 (1) COOLI NG CYCLE During this cycle, the four-way
selector valve 2 is switched as indicated by solid Iines of Figure 6, in
whi ch the sol enoi d opening/cl osing valve 13 is opened, the sol enoid
openi ng/ cl osing valve 16 is cl osed, tbg sol enoid 10 ogening/closin val ve
24 is opened, the sol enoid opening/cl 85ing val ve 26 i49beseaeri2083sol enoi d
openi ng/ cl osing valve 30 is closed, the sol enoid opening/closing val ves 31
and 32 are opened, and the sol enoid opening/closing valve 39 is opened. 15
In the air @andréi dnifdarefgimersgsteni dtagtard sipadngehni gerandemtirschar ged
fromthe conpressors | A and 1B is condensation-liquefied in the heat

sour ce-si @F Reshcexshanger sdcoped air 129 rasrageaudienselsasd ddesepifder is
delivered to the receiver 7 by way of the check valve 15 and the bridge 20
circuit 14o AhgelbsnlighbodinkgeranttHd @rebbet | iniind iphase part of the
receiver 7 i s supercooled by heat exchange with outdoor air in the first
supercool i ngifeaé exchangeipihg Whebeh Ul idwrans Whekengl andat Badgdnted, in
ot her words, when the sol enoid opening/closing valve 13 is opened, the
super cgol ¢ 25shégibm 1igkr 86 fdH iff @Mrbbei dérti cnUBQEEOR| A ERy
exchanger 40 2g Decenber 2003 8 is further supercooled in the second

super cool itdgaherir&xaibaadfend &Y chPRibéaht Oihvedit@Bh.heat of a gas-liquid
m xed refrigerant which is a portion of that supercooled liquid refrigerant

pressure-regdigeee by {hea (EIFIAGALYECeh Fd JIAmd sBsRARG| 87 ¥adaMfyeh@ntThe
liquid refrigerant is pressurereduced in the expansion valve 4 and then is
fed to therhgateppidcatinenssédohaat aexebaigarationheyecéh ddoranayi zed, and
vaporization |atent heat obtained is utilized as a heat sink for cooling.
Thereaft eko hheou &l ic@®baihents I anedpbasént Ginb@nthenconpressors | A and Is.
Moreover, in the refrigeration refrigerant circuit B, the refrigerant,
pressype-r edugeek i net hasexpansiefr vadimtd, diaiGhes dfdgrfamomdhe air
conditioning refrigerant circuit A, passes through the plate heat exchanger
19, and i gsetethdmndita Eystehr hgesodim €V apor sty dmpyd@mentt oies tyapori zed,
and vaporization |atent heat obtained is utilized as a heat sink for
refriger apresentTharveattien, the refrigerant is flowed back to the
conpressors | A and 1B. Further, in the freezing refrigerant circuit C, gas
20 refrigerpbjurl Schiar gegibing &€t dni ebizigigmC 6RPw Es$ Gan I vasigement
condensation-liquefied in the plate heat exchanger 19 operating as a
condenser oby deauoriohangepen tdedtiiqni dis eftHegeranitigeratiamt | sgstamough t he
liquid pipe 17 in the refrigeration refrigerant circuit B. Thereafter, the
25 conslensecbtdingy dor ehei feftantembedpness urfe-thedpeeslent idventidh. 29 Decenber
2003 expansion valve 20 and is supplied to the freezing evaporator 21 where
it is vaporFistke aBd wapoai zatbilen pateidingeata obescniption ubifl | kel as a
heat sink for freezing. Thereafter,

operating state of compressors and solenoid opening/closing

valves in a refrigeration system according to a sixth
embodiment of the present invention.

20 Figure 9 is a piping system diagram showing an arrangement
of a suction pipe section in the refrigeration system
according to the sixth embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, embodiments of the present invention will be

25 described in detail with




the refrigerant is flowed back to the conpressor 18 by way of 5 the

accunmul ator 22. Apart fromthe above, when the refrigeration/freezing
conpartnment tenperature is high, it is desired that the indoor fan 33 be

| ow- speed operated for the prevention of refrigeration/freezing draft. 10
(I'l) HEATING CYCLE During this cycle,zghe four-way selector valve 2 is

swi tched as indicated by broken iines“df Figure 6, in2@Resambes208Benoi d
openi ng/ cl osi ng valve 13 is opened, the sol enoid opening/closing valve 16
is closed, the solenoid 15 opening/closing valve 24 is closed, the sol enoid
openi ng/ clreFetgnval e tHe dzaepeged, the sol enoi d opening/cl osing val ve 30
is closed, the sol enoid opening/closing valves 31 and 32 are opened, and

t he sol engirgtsepemsomymMeEnasi ng val ve 39 is opened. 20 In the refrigerant
circuit Afor air conditioning, gas refrigerant discharged fromthe

conpr essor srlifupesl 1B drl cond@Bwatd opettfigeafdned pipidie Hpadenappti cati on

si de heat exchanger 5 operating as a condenser, and condensation | atent

heat obt aifeediysratidn 283 tam achealiisgutseal pirdeadmbenimntllegr aafd er, the
liquid refrigerant is delivered to the 29 Decenber 2003 receiver 7 by way
of the5ch?Qgsg§{th¢g§ﬁaaq,the bridge circuit 14, and the liquid refrigerant
fromthe [iquid phase part of the receiver 7 is supercooled in the first
super cool i ngshgpbweXchangairsd Dy tratprRsehangerigér MHAOWys el lis When
further supercooling is required, in other wards, when the sol enoid

openi ng/ cbesi Ngeyakienl i %e@?ﬁﬂ@ﬂanﬁ heissped CAQl ed mheq Ui &k ¥ Rfdagi@r ant from
the first supercooling heat exchanger 8 is further supercooled in the
second supereeoti A9 heat mxaRaANA®; SubYesiRR1yZaddmiedtahgnt digaluqgafl 10 a
gas-liquid m xed refrigerant which is a portion of that supercooled |iquid
refriger apbspig&sate- pepused Rvwot heohmrabatur ea SRSl NYBEXduHiRicerdval ve 10.
Thereafter, the liquid refrigerant is pressure-reduced in the expansion

val ve1d, pageeser hipugharhheep! atna heptre@iaBanger cdfadity herd®e e@bhi geration
refrigerant circuit 8 and is fed to the evaporator 6 where it is

vapori zedotRég, vapebhdaehs&n heseghitkatisohtiai-sedlés opétiwary ass aaheat sink
for refrigeration. Thereafter, the refrigerant is flowed back to the

conpr essonéat AeRtBarkfdr h M€ OoNEdt-dourche sfidegziang dxglansgenaphicercuit C
gas refrigerant discharged fromthe freezing conpressor 18 is

condensat 109-dpepsfingdas na thregduaiee rodad iex aleehgaisid aperapaig as a
condenser by heat exchange with liquid refrigerant circul ating through

t he. | i qui dvppqueatbsi nodhand 104 connected in parallel and operating

15 as a heat exchanger on the heat-application side.

In the present embodiment, the capacity of the first
compressor 1A is 4 HP, whereas the capacity of the second
compressor 1B is 5 HP. An oil Sump part of the first
compressor 1A and that of the second compressor 1B are

20 connected together by an oil equalization pipe 109.

Interposed between the condenser 102 and the expansion
valve 103 are a receiver 105 connected to the outlet side of
the condenser 102, a first supercooling heat exchanger 106
which is air-cooled for supercooling of liquid refrigerant

25 from a liquid phase part of the receiver 105 with outdoor air,



25 refrigerant circuit B. Thereafter, the liquid refrigerant is 43 29
Decenber 2003 pressure-reduced in the expansion valve 20 and then is
supplied to the freezing evaporator 21 where it is vaporized, and
vaporization |atent heat obtained is utilized as a heat sink for freezing.
Thereafter, the refrigerant is flomed7g back to the conpressor 18 by way of
the accunul ator 22. As described abov& in the present® mbes#003nast e
heat, utilized as a heat sink for refrigeration in the evaporator 6 of the
refrigerant circuit Bin the heating cycle, is recovered as a heat source
for heati rgnd nat becheat shfPeap@blonf i beasi decheaderextbanger Sfuhdhis tine,
one of the conpressors | A and 1B is stopped. In other words, the conpressor
power is tsuipeedodDiwy Hpatie fsparidee1abovequitienethpgdieaiti nrdmoachd s snal |,
that is, when the difference between the set tenperature and the 15 room

t enper at urfdrss sswpdrcdol@ngvapedtat @xchanget i kedey wathackapdr iwationour ce for
refrigeration. To cope with such a condition, the four-way selector valve 2

i s switchadtkataheooldng rgage10fuopern dtddrdfirigeest | N s &g t he
sol enoi d opening/closing valve 16 is opened so as to cause 20 the heat

sour cessi d@ehedhdexshanper shd ampefdlsd aupere6UENP ieat VB HaiRReat i ng
| oad i ncreases during the cooling cycle operation, that is, when the

di f f er encaobeiyean dJdtdoset raenpd.at ure and the room tenperature increases,
the four-way selector valve 2 is switched to a heating node of 25 operation
(the heating pyetegn adel the.1:5Rli@NQYedkrigerant from the liquid phase
part of the receiver 105 1is pressure-reduced by a
temperature-sensing expansion valve 110 and thereafter is
10 supplied to the second supercooling heat exchanger 107. A
temperature-sensing tube 110a of the temperature-sensing
expansion valve 110 is disposed in a gas piping 112 which
connects the second supercooling heat exchanger 107 and a
suction pipe 111 forming a part of a suction line X of the
15 compressors 1A and 1B. In other words, the temperature-
sensing expansion valve 110 is designed so that it is open-
controlled according to the temperature of a gas refrigerant
flowing through the gas piping 112.
Provided in the refrigerant circuit A is a hot gas bypass
20 circuit 113 by which the discharge side and the suction side
of the compressors 1A and 1B are connected together.
Disposed in the hot gas bypass circuit 113 is a solenoid

opening/closing valve 114 which is opened to prevent vacuum

operation when the low-level pressure excessively drops.




T——— —

4~ 29 Decenber 2003 opening/closing valve 16 is closed, whereby the
operation node is returned back to a heating heat recovery node of
operation in which the heat-application side heat exchanger 5 is nmade to
operate as a condenser. 5 Further, when the refrigeration |oad and the
freezing | oad decrease during the heatj,ng operation, in other words when
the 1 ow1evel pressure which is the sﬁ%tion pressure 8P Datenmmn083sors | A
and 1B decreases, the bal ance in power between the heat-application side
heat exchanger 5 and the evaporator 10 6 can be naintai ned by automatic
reduction i mn halcapaardyonfllidie dapddae bansSgardtimigher mereiquhgnot he
refrigeration/freezing | oad decreases during the heating cycle operation,
in other vaids conenitde liow hevghspresstileraht ch is tdigpsdeli o prgssure of
the 15 conpressors | A and i B decreases, the heat-application side heat

exchanger discharigkelpiptiagl aas iof heat sompbeeséors heat isig THerefse, the
sol enoi d opening/closing valve 16 is opened to cause the heat source-side

heat exchaig@iigdrhtoppeyiat es@saddt RV apar afny . 020 Adkfidriaral | yie Whgn the
i ndoor fan 33 is drive-stopped, that is, even when the heat-application
si de heat xeiaggeto She smaller-capacity compressor 1A through an oil
return passage 117, as will be described later in detail.
Disposed in the o0il return passage 117 are a solenoid
opening/closing valve 118 which is opened when the
refrigerator oil is returned and a capillary tube 119.
10 The evaporators 104 and 104 are each provided with an
indoor fan 120. In the refrigerant circuit A, a check valve
121 is provided at the discharge side of each compressor 1A
and 1B. Further, disposed in the refrigerant circuit A are
solenoid opening/closing valves 122 for controlling the
15 supply of refrigerant to the evaporators 104 and 104, a
solenoid opening/closing valve 123 for controlling the supply
of refrigerant to the second supercooling heat exchanger 107,
and a shut-off valve 124.
Further, as shown in Figure 2, the suction line X of the
20 compressors 1A and 1B 1is provided with an o0il return
mechanism 2 by which the refrigerator o0il, separated from the
suction gas refrigerant, is preferentially returned to the
smaller-capacity compressor 1A. The o0il return ﬁechanism Z

is formed of a first suction piping 125 which has a given

25 length and is substantially horizontal, forming a part of the



stops operating, it is possible that the four-way selector valve 2 is
switched to the heating operation and, in addition, the sol enoid
openi ng/ cl osing valve 16 is closed to 45 29 Decenber 2003 automatically
perform heating heat recovery operation if the roomtenperature is below a
gi ven value. In the present enbodinentzF t he suction pige 38 i s arranged
bel ow sucti on openi ngs 50A and 50B of “Phe conpressor s29 Regamber 2803as shown
in Figure 7. The oil return passage 37 is connected to a portion of the
suction pipe 38 near the suction opening 50A of the first conpressor |A
(i.e., thesdaiger -1dapaci tynd OBRImRS S¥nnechele@vershedi sipaged-capabet pi |
equal i zati on pipe 48 is a sol enoid opening/closing valve 49 10 which is

cl osed whetnRiditgr comer&fsdrhaacoapd e scdndAsastidB gipinhoppedwnh ik oi |
return passage 37 is provided with a filter 51. The conpressors | A and 1B

and the saheiRhdsORIT NEL6H 0ShNiptRiry eso i otndo £9 thke AR OBueFif, as
shown in Figure 3. 15 In Figure 8, the synbol (circle) indicates OPENED and

the synbolpi(En@ss2si ki ciaf @enkb&SED. tolhde SrgéRecdidc i€9Ndbhp 8 Sk
refrigerant circuit A has a distribution mechanismR for returning
refrigerat. oil to the conpressors | A and 1B. The distribution nmechanismR
is 20 formed such that the refrigerator oil in the refrigerant

Moreover, the o0il return passage 1;7 extending from the oil
separator 116 is connected to the first suction piping 125.

In other words, the refrigerant circuit‘ A has a
distribution mechanism R for returning the refrigerator oil

10 to the compressors 1A and 1B. The distribution mechanism R
is arranged such that the refrigerator oil in the refrigerant
circulating through the refrigerant circuit A is'distributed
to the compressor 1A and 1B according to the difference in
capacity between the compressors 1A and 1B. The distribution

15 mechanism R of the present embodiment operates so that the
refrigerator oil in the refrigerant circulating through the
refrigerant circuit A is distributed from the smaller-
capacity compressor 1A (the first compressor) to the other
compressor, i.e., the second compressor 1B.

20 More concretely, the distribution mechanism R includes the
0il equalization pipe 109, the o0il separator 116, the oil
return passage 117, and the o0il return mechanism 2. The
distribution mechanism. R is designed such that the
refrigerator oil separated in the oil separator 116 and the

25 refrigerator oil contained in the suction gas refrigerant of



circulating through the refrigerant circuit Ais distributed to the
conpressors | A and 1B by the difference in capacity between the conpressors
| A and 1B. In order that a refrigerator oil in the refrigerant circul ating
through the 25 refrigerant circuit Ais distributed fromthe

| ar ger - capacity 29 Decenber 2003 cghgpressor lAto ég ot her ¢ ressor
1B, the distribution mechani smR of the present enbo mRer able to
return the refrigerator oil to the conpressors | A and 1B. Mdre concretely,
the distribution nechanismR includes the 5 oil equalization pipe 48, the
oi | separatorcdafpreandrs hta card ri wre passagentdiallheedushedbtd i time mechani sm
Ris formed such that the refrigerator oil separated in the oil separator
36 and t hemaldfari-gapat Dty aidmprentarnEal. i n t he suction gas refrigerant of the
conpressors | A and 1B are preferentially U returned to the first
conpressor AsA aM tés A H arfjesudhapacidngemAsta wkenll thef cemphesddrmangmrent ,
during the time that both the conpressors |A and IB are in operation, both
t he sol ensridl Ipemtagic| operyy ival, vahe3TefnrdgdBatse opeEnsdpaddtan ihe
refrigerator oil F separated in the oil separator 36 is 15 returned to the
sucti on piee 038 EBpatdort Ne60hhd reieirfefageageos bidNdn theesuwetish toget her
with the refrigerator oil F in the suction gas refrigerant, to the

conpr essafss | Arefird gblidaf€ colgteng rie@uthed Suebi ORhpr eswaneerAtapddtyt i me, a

| arger amount of the refrigerator oil Fis 20 returned to the first

conpr ess@onlphedsbh Bal arpedredpaei, t Yhe HooEviRferatbncoil hesi péeidadd pressure
of the first conpressor | A of |larger capacity increases beyond that of the
second carpomessty E8rst heompfddsgar aior toi lthe tdeworlds d¢dmgrieessec arEl
conpressor 1B of smaller capacity through the oil 25 equalization pipe 48.
Thi s ensuirset damet hateehdl gefais@ireOiils 1ow8r Pebgnbre d0PBeferice pasitively
returned to the conpressors | A and 1B. Accordingly, unlike the prior art

t echnioquelomet iisitpeasl bl présxswecur@niehe inebrhger appesaide F dor dHae
conpressors | A and 1B without having to performoil equalization control to
5 cause tdompeespPoesEOrs the dpeeahel apiesnateclof. tAddeompreddor, 1dyr.i ng the
time that both the conpressors | A and 1B are stopped, the opening/cl osing
val ve 39 Thdscl axed, uhhikeby thbacicomveheiondl r etaehn passagen37 thatt he
noncomruni cati on state. As a result, there is no flow of 10 refrigerant
from t he reifr igepatat ail36ahob¢ heesured 6or stitke caimpirieesoper R i dBop ti ne.

without having to perform oil equalization operation control
15 to cause the compressors to operate alternately.

In addition, in the inside of the first suction piping 125,
the refrigerator o0il F 1is separated by the difference in
specific gravity between the refrigerator oil and the gas
refrigerant and flows in the pipe bottom. The refrigerator

20 o0il F thus separated is returned to the smaller-capacity
compressor 1A via the first suction piping 125. Accordingly,
with a simple arrangement by making a change in the piping
structure, it is possible to secure refrigerator oil for the

compressors 1A and 1B at low costs and without the drop in

25 power.




Further, during the tine that either one of the conpressors |A and 1B is
st opped, the opening/closing valve 49 is closed, thereby preventing the
refrigerator oil F fromtraveling 15 through the oil equalization pipe 48.
As a result, the novenent of the refrigerator oil F fromone conpressor in
operation to the other conpressor mhi%p i s being.stopped is inhibited, and
the conpressor in operation will not be starved of th9PecemberaPesd oil F.
20 Further, since the suction pipe. 38 extending to the conpressors | A and
iBis arranged bel ow the suction openi ngs 50A and 50B of the conpressors | A
and 1B, thi suathiangei®nie phevenls reharnepasgagat DI7 aid dorfmearteld awi ng i nto
the largercapacity conpressor | A through the suction pipe 38 during the

48 29 Decenberriz803spetiodl phgind hez2s ar gels capasdd Yoo nps BSisgeratdri S
stopped while the small er-capacity conpressor 1B is in operation. SI7CTH
EMBODI MENG i Refsephicffled Oifii gtiee dil td@iratdrshawn & SsuétdOnNwptRe thesection
in a refrigeration systemaccording to a sixth enbodi nent of the present

i nventi onrekpiddvan tire ANt s%éﬂagdta&ntfrph NtRé dgtict Do NGdl erd Mailgeraat
refrigerator oll F separated in the oil separator 36 is positively returned

to thessughi @ReORERERISuED o@NgipOR; 012510ahdietdi bet randrse€ond epepressors
| A and 1B, there are provided two oil return passages 37A and 37B which are

connect eds{ PsPUdnipResset 1Xe aHictheRePiPencs3deriol MLk S UL IdnAMgePERi Ngs 50A
an 50H. Moreover, opening/closing val ves 39A and 39B, which are cl osed when

both the gRAPEESENuTd AraNGelBokpraisost DRPEEor A& anP18p0%ad icasting oi |
return passage 37A and in the oil return passage 37B, respectively. As a

resul t of sgpedt A @RgeNENtThdWiilnget Ben PSId R et hat RO beolcohheceeqpr essors
| A and 1B are in operation, having passed through the oil return passages

37A and 3dBredth§ 28 EgErfgeyl-Rmpebbssepm.ated in the oil separator 36 is
returned to the conpressors | A and 1B, together with the refrigerator oi

cont ajedskdoNd empadmer gas refrigerant. This further ensures that the
refrigerator oil is returned positively. The other arrangenents and
oper ati on/ faErdrirang td¢l9 Fifubeceytbeendpd3 iar eshdven sameswk iidie fLihéh
enbodi nent and their description is therefore omtted. -
section in a refrigeration system according to a second
embodiment of the present invention.
For the case of the second embodiment, the refrigeration
15 system is provided with three compressors 1A, 1B, and 1C
having different capacities. The first suction piping 125,
connected to the first compressor 1A, is connected, at its
upper portions, to the second compressor 1B and to the third
compressor 1C by the second suction pipings 126 and 126. The
20 other arrangements and operation/functions are the same as

the first embodiment and their description 1is therefore

omitted.



OTHER EMBODI MENTS In the first, third, and fourth enbodi nents of the
present 5 invention, the refrigeration systens with two conpressors having
di fferent capacities have been descri bed. However, the present invention
may include three or nore conpressors having different capacities. For
i nstance, the present invention is apﬂlicable to a refrigeration system
with three 10 conpressors having a capacity of 3 HP, 40 [Ra¢Rmber2@93 4 Hp,
and a capacity of 4 HP, respectively, and to a refrigeration systemwth
three conpressors having a capacity of 3 HP, a capacity of 4 HP, and a
capaci ty atrRpHiMpopasgacti vely. | NDUSTRI AL APPLI CABI LI TY 15 As descri bed
above, the refrigeration systens of the present invention are available for
air conditi peeésr Migt hta plignaki t4, oftheeaprizssehswn par t adt pod y fieke air
conditioners with a plurality of conpressors having different capacities.
50 ~r~IrtgedPidecamnbes 2QFziYEAItioS GisANERdcdTdlingA tef rd gemakdon system
whi ch conprises a refrigerant circuit (A fornmed by successively
connect i ngmbédnidh ofet hé gefedintpiipivBftién pl ural ity of | ow pressure done
type conpressors (lIA 1B, ...) connected together in parallel and differing
in capqcit ypéf Onene- 0t ber .tk healr§ owmdedsheet heaheexehBngehuch02), a
pressure-reduci ng nmechanism (103), and a heat-application side heat
exchanger nédRfnism\her eijk saoemeef rbgerati parsisiiemgipef onred kyibhi ngi ng
said conpressors (IA 1B, ...) in conmunication with one another through
oi | equal ;gadtutRispes (B89 |V, the ) sucther einimn & | as@panakora(116)
capabl e of separating a refrigerator oil in a discharge gas refrigerant is
di sposed gdwwal§hapafed P (enkb) OfpigRi boagMmeessekard wAicABa . ..) ;
wherein an oil return nechanism (Z) capable of preferentially returning a
refrigeraigpe®i parondfi fpdl véreiiICt p e 9B I efddsgedrmantwh s a4k cQNpPr essor
(I'A) with the smallest capacity anong said conpressors ( IA 1B, ...) is
di spos®d hér Bectit@li Ofrdd N ecXionhl SalrbaCOTRESSORhah | fhatlBof. . the; and
51 29 Decenber 2003 wherein an oil return passage (il7), through which said
refriger ab@ft @adl spps¢ ated, i m s&idsoi |sweepanatwipiny 5125 S whakhr nggl t o sai d
conpressor (1A with the snmallest capacity anong said conpressors ( | A 1B,
), | scqpimst@ad; agndnehenai ntsaiad 1owkrr ehdr af nen8apipen bddy i s28mde up

and, at the other end, to the first compressor 1A with the
smallest capacity, and a second suction piping 126 which is

15 connected, at one end, to a sidewall:portion of the pipe body
128 and, at the other end, to the second compressor 1B.

As a result of such arrangement, the suction gas
refrigerant, which has flowed into the pipe body 128 from the
vertical pipe 127, expands rapidly in the interior of the

20 pipe body 128, wherein the refrigerator oil is separated from
the suction gas refrigerant. The refrigerator oil thus
separated is returned, through the first suction piping 125,
to the compressor 1A by gravity and inertia. This therefore
makes it ©possible to secure refrigerator oil for the

25 compressors 1A and 1B with a simple arrangement of making a



of : a first suction piping (125) which has a given length and is
substantially horizontal, said first suction piping (125) formng a part of
said suction lire (X) and being connected to said conpressor |Awth the
smal | est capacity anong said conmpressors ( 1A, 1B, ...) ; and second
suction pipings (126, 126, ...) which %ranch from upper portions of said
first suction piping (125) and are coffiect ed to ot her29 greabed 2083 pr essor
(I'A) with the small est capacity anong said conpressors (lIA 1B, ...); i.e.,
to said conpressors (1B, 1C, ...) , respectively. 2. Arefrigeration system
whi ch conahiapge anr ehé i gigiant seiraeviate ( At flemedsky aHeCceSSHAMA he
connecting, through refrigerant piping, a plurality of |ow pressure donme
type conpidespoif pdwer.1B, ...) 52 29 Decenber 2003 connected together in
parallel and differing in capacity fromore another, a heat-sourr_e side
heat exchangge (si¥)iona gdLSTUELi §EEHI NGYs NRGNM SHeddBhg apd ahe

heat - appl i cation side heat exchanger (104), wherein said refrigeration
system i ssheeiBfl Byebsirwi 8 $8kdcenpPeesHY S1A| And1BB.. . .Noddbver,

comuni cation with one anothe r '"through oil equalization pipes (109; 109,
...) ;swhanebnians@kh sepaddl ofhd hfbesapabkempleseiay aldyn b tildd ger at or
oil in a discharge gas refrigerant is disposed in a discharge piping (115)
of said cepPmn8ssor Sthe | SehedB.arranheneNEIHId Perihof EiHdt iRGhARKesM (2Z)
capable of preferentially returning a refrigerator oil contained in a
suction gager @hhkbgQsanthd Of SAtd GHIBAIRSREN ahbA)tndith derspribgstiscapacity
anong said conpressors (IA 1B, ...) is disposed in a suction line (X) of
sai d conpgges&fsrd lohittBa..--) ; and wherein an oil return passage (117),

t hrough which said refrigerator oil separated in said oil separator (116)

i S returngedukty EMsdpIngRressor (1A with the small est capacity anong said
conpressors ( 1 A 1B, ...) , is provided; and 53 29 Decenber 2003

wher eij) sai fefédrin@t Ut EIGRREBI S8 (£hekeé MBUeskbdbwR Wersu€@doi Penkl27)
which fornms a part of said suction |ine (X) and has a downwardl y- opened

| over endseétidmpeihody e28)géoy@iich Woystend hewBrdpef t ken Hf reaikdhverti cal
pi pe (127) faces and whose horizontal cross-sectional area is |larger than
that of sahsbyBidrtCalf pheepfdsth); iavéhtsdn.suction piping (125) which is
connected to a lower end of said pipe body (128) and to said conpressor
(I'A) with tiher seakl esiseCapfcCithy aFtuR@hs adnbodidnehesSS@he (ol réBurn..) ; and
second suction pi pings (126, 126, ...) which are connected to sidewal l
porti ons méclsaiidmpizpés bboymddl 28) aahdr i omidlegrehand samatexopppesspy ( 1A)
with the smal |l est capacity anong said conpressors (lA 1B, ...), i.e., to
sai d tHnmpwesgor cofdifitut€s .a .partr espethevehytion line X and has a

vertical cross-sectional area larger than that of the suction

line X, a first suction piping 125 which is connected, at one

end, to a pipe-wall portion of the Horizontal great-diameter

pipe 129 and, at the other end, to the first compressor 1A

20 with the smallest capacity, and a second suction piping 126

which concentrically faces the center of the horizontal

great-diameter pipe 129 and is connected to the second
compressor 1B. |

As a result of such arrangement, as shown by a flow

25 velocity distribution ¥, the flow velocity of a suction gas




3. Arefrigeration systemwhich conprises a refrigerant circuit (A) fornmed
by successively connecting, through refrigerant piping, a plurality of

| ow pressure done type conpressors (1A, 1B, ...) connected together in
parallel and differing in 54 29 Decenber 2003 capacity from one ancther,
a heat-source side heat exchanger (Igg), a pressure-reduci ng mechani sm
(103), and a heat-application side héat exchanger (189pPe i4903ai d
refrigeration systemis fornmed by bringing said conpressors (1A, 1B, ...)

i n conmuni cation with one another through oil equalization pipes (109, 109,
...) 5 Whes®igeaanoi | flswdagat tirdught) thapalolré zohtskpayr@aithrgiameeér i ger at or
oil in a discharge gas refrigerant is disposed in .a discharge piping (115)
of said cpify a29048 feldxedB,so .that; thhee evdcuds Gl anghlan feohanf Sm ( 2)
capabl e of preferentially returning a refrigerator oil contained in a

sucti on g@se redfrigetranbrt 0isaiad cORPrEegsewalllA)s et whdre sttrd | £5dw capaci ty
anong said conpressors (IA 1B, ...) is disposed in a suction line (X) of
sai d conpreaseaty (sl AlowBr and)the anéfniteraitbranidi hndethenspassage (1 17),
t hrough which said refrigerator oil separated in said oil separator (116)

i s retur npg t QeBaig@raalipra@es WeparAkedl t h dhe soBdifatatoapagilt yerypng sai d
conpressors ( IA 1B, ...) , is provided; and wherein said oil return
mechani srdpdlrateéd mage répu@hed £ 29 eDetiamherccipRBsaochcninzarithal the

great-di ameter pipe (129) which forns a part of said suction line (X) and
whose verdniaQaks€r espaseey i onal taeedirst! angeiohhaapihat 126 . sairhiguction
line (X); a first suction piping (125) which is connected to a pipe-wall
portion afheyairdréonhkest at goeaiwiamesd esepupe LePH)gerdolro o3ai dkgzonpr essor
(1A) with the small est capacity anong said conpressors (lA 1B, ...) ; and
second Sutd eBmpréddtts 1A2Gnd1P®,with }a whingle i aigeddgedot any@neentrical ly
face the center of said horizontal great-dianeter pipe (129) and are
connegt edh téhadlgherint ke $apdngoBRERSEEOre (1) oW heddres samd |wesdhaapaci ty
anong said conpressors (lA 1B, ...), i.e., to said conpressors (1B,.1C
...), rexpectrypl in pterrefrigeration systemof any one of clains 1, 2, and
3, wherein said oil return passage (117) is connected to said first suction
pi pi Nng (12%he Ssuchibafl rqfer akifohgeyatteMisorgyawsi Ngccordiing ges artheCi r cui t
(A) which is forned by successively connecting, through refrigerant piping,
a pair ofsuction pressure of the compressors 1A and 1B. Moreover,

also in such a case, the number of compressors May be three
15 or more. The other arrangement and operation/functions are
the same as the first embodiment and their description is
therefore omitted.
FIFTH EMBODIMENT
Referring to Figures 6 and 7, there is shown a refrigerant
20 piping system of a refrigeration system according to a fifth
embodiment of the present invention.
As shown in Figure 6, the refrigeration system of the
present embodiment is made up of a refrigerant circuit A for
heat pump type air conditioning formed by successively

25 connecting, through a refrigerant piping, a pair of




56 29 Decenber 2003 hi gh-pressure done type conpressors (lA 1B) connected
together in parallel and differing in capacity fromeach other, a four-way
sel ector valve (2), a heat-source side heat exchanger (3), a
pressure-reduci ng nechanism (4), and a heatapplication side heat exchanger
(5)', wherein said refrigeration syst§g1is formed by géingin sai d
conpressors (I A 1B) in comunication W th each ot her2? Regggibes083
equal i zati on pipe (48) ; wherein an oil separator (36), capable of
separating a refrigerator oil in a discharge gas refrigerant is disposed in
a di schar gempirps8gr 41p afndsaiBl eenpeessdr sogettherd Bin waenelslammil return
passage (37), through which said refrigerator oii separated in said oi

separ at or Ha¥8hgi aifebtemeddpaditeesychi GBusiwey ofelraarofvaiaied 2Gonpr essor s
(1A, 1B), is provided; and ' wherein an opening/closing valve (39), which

i s cl osednahensbotbessiidé GREPr essWirgdd A tbBwhatR ahoppedbor a6 gposed in
said oil return passage (37); and 57 29 Decenber 2003 wherein a suction
pi pe (38) iaf AAadneappaassXpanklidn ¥Blvésadioppeaeindehswas ystdsurepeni ngs
(50A, 50B) of said conpressors (1A, 1B). 6. Arefrigeration system

conpri 8i NGedukShy RNt sl A4 HeAk-WppLicdtsidOsTRE h¥a s UsEaTigee! Y
connecting, through refrigerant piping, a pair of high-pressure done type
conpressois (i HB) reprpaid t egeddir BN perF aldedlrigada€lidd ericaaal n
capacity fromeach other, a four-way selector valve (2), a heat-source side

heat exchargghgé ) whicR &SMEReE € iGN JdsRfHtdtafim d#4) thantksdpansion
heat appl i cati on si de heat exchanger (5), wherein said refrigeration system

is fornedylyvbrsndnn@neainda€ORRBSE9pe GhLA cdBYit ok U Galgje@anwi th each
ot her through an oil equalization pipe (48); wherein an oil separator (36)

capabl e of;jsepaFf ali Nghp Lef Idom@eated, OichrbAgR QAinSCha@eagas ref gFbgerant is
di sposed in a discharge piping (47) of said conpressors (lIA 1B); wherein

oi | rebur RepaSSRIRS 3 7Ao BiB) sudtiicGidehbEhesah dedsmiirdsgeratar afil
separated in said oil 58
1B. The refrigerant circuit B for refrigeration may be
defined as a heat recovery circuit.
Here, unlike the first embodiment, the capacity of the
first compressor 1A is 5 HP, whereas the capacity of the
15 second compressor 1B is 4 HP. An oil sump part of the first
compressor 1A and an oil sump part of the second compressor
1B are connected together by an o0il equalization pipe 48.
Arranged between the heat source-side heat exchanger 3 and
the expansion valve 4 are a receiver 7 connected to a part
20 which becomes, in the cooling cycle, the outlet side of the
heat source-side heat exchanger 3, a first supercooling heat
exchanger 8 which is air-cooled for supercooling of a liquid

refrigerant from a liquid phase part of the receiver 7 with

an external heating medium (for example, outdoor air), and a

25 second supercooling heat exchanger 9 of the triple tube type




29 Decenber 2003 separator (36) is returned to the suction side of each of
said conpressors (I A 1B), are provided; and wherein opening/closing val ves
(33A, 39B), which are closed during the period that both said conpressors
(I'A, 1B) are stopped, are disposed in said oil return passages (37A, 37B),
respectively; and wherein a suction pjipe (38) of said conpressors (lIA IB)

i s di sposed bel ow suction openi ngs (§8A, 50B) of sai @9 #03 | A 1B)
7. Arefrigeration systemconprising a refrigerant circuit (A which is
formed by successively connecting, through refrigerant piping, a pair of

hi gh- pr essanr € dapehéype supapeessig (bA, 1H)e cosnpetesbliapet hegquia paralle
and differing in capacity fromeach other, a four-way selector valve (2), a
heat - sour e€f siigde aheat r&@x alrengair s € 33upearquoadayr RededuainaggeecBawism (4), and
a heatapplication side heat exchanger (5), wherein said refrigeration

syst em i sydgurirdthynbnhbghfigheat d ogompreasqrisuiiAmikBl irefeqgauantati on
with each other through an oii equalisation pipe (48) ; 59 29 Decenber

2003 whershtnidedoiby $eRebatelrddfdingapaidrtabnsefardbicnGuperebbiger at or oil
in a discharge gas refrigerant is disposed.in a discharge piping (47) of

sai d GONpI ARSQA SelfirdgerBt MHeneitemparPtird-Blensingasspafs {S) vald ough
which said refrigerator oil separated in said oii separator (36) is

returned i@ t herneucgdodnreicdegofaaChvbosisied Compr gastsed | An 1Be iS
provi ded; and wherein an opening/closing valve (49), which is closed during

the peri agbddnat s@pbhesoNiiRy HeatdieftcEONPEERSHOris (JuppliBl, i shedpped, is

di sposed in said oil equalization pipe (48); and wherein a suction pipe

(38) of sjulpeespaesseus (idingB)12,s dbspasecdsbhed M Sycaé obropeimgs (50A,
50B) of said conpressors (lIA, 1B). 60 29 Decenber 2003 ABSTRACT Di sposed

in a suctdompresBer (XA 8hd COBPr en60Esvét A a | @emperakultavisgs thd faiwnt
capacities is an oil return nmechanism (Z) operable to preferentially return
a refipi geroadt @F ©hé temperature-sensing expansion valve 10 is attached

to the low-pressure gas piping 12.

Further, the air-conditioning refrigerant circuit A is
provided with a solenoid opening/closing valve 13 which is
opened only when a portion of the 1liquid refrigerant is

15 supplied to the second supercooling heat exchanger 9.
Moreover, in the present embodiment( the outdoor fan 11 is
shared between the heat source-side heat exchanger 3 and the
first supercooling heat exchanger 8.

Disposed on the inlet side of the receiver 7 is a bridge

20 circuit 14 with four check valves 14a-14d. The bridge
circuit 14 operates as a flow path switching mechanism. That
is, in the cooling cycle, the bridge circuit 14 guides the
liquid refrigerant from the heat source-side heat exchanger 3

to the receiver 7 and gquides, after the liquid refrigerant

25 from the receiver 7 has passed through the expansion valve 4,




5 separated fromin a suction gas refrigerant. to. the conpressor (I A) with
the smal |l est capacity anong the conpressors (IA 1H ...). On the other
hand, an oil return passage (117) is provided through which a refrigerator
oil separated in an oil separator (116) disposed in a discharge piping
(115) of the 10 conpressors (1A 18, 34.) is returne&to t he conpressor
(IA) with the small est capacity anong the conpressor £9Pacenber 2003 Having
preferentially being returned to the snallest-capacity conpressor (lA), the
refrigerator oil separated in the oil separator (116) and the refrigerator
oil in thétsustitdre gesattappéficayyanside eheat uexethrsiggtdssi vehy the t he
conpressors (18, 1C, ...) which are lower in done internal pressure, by the
done i nt eotidkrpregdur eindi ther diweging cycle, the bridge circuit 14
ING N/ NNNpt/N/Ns/Ny/ N /NT/N /N NFg/NJIT/ N /Nl g/ N|] M NYpM N7: / N

@ NF-/ NM butides / tid NLi@uNd/ Mef Nvgé Nt NIddn\Mhel kiehioMapiy] M ddliionNigliNE / NM NM N
FM N /N3 /N/T/NJM NYp /NI Jz/ Nf/ NT#/ N3 /N3 : /N 3-/NF/NF j1/N3/N jYT/N3@N
0/ N3 FGE / NpaD"lexbhanger 5 to the receiver 7 and guided, after the

ysmhb] WJ] ca] cal] ca] caU] cal] cal] ca] ca] ca] cal] caU] caU] ca] caU] ca] cal] ca] ca] ca]
cal] caj calldqh td] oefirdgblant cednc aheafeaeiver ¥ has passed through the
expansion valve 4, it to the heat source-side heat exchanger
3.

Furthermore, disposed in the air-conditioning refrigerant
circuit A is a check valve 15 which allows liquid refrigerant
10 to communicate from the heat source-side heat exchanger 3 to
the receiver 7 only in the cooling cycle. Additionally, the
air-conditioning refrigerant circuit A is provided with a
solenoid opening/closing valve 16 which is opened in the
heating cycle to allow refrigerant to communicate from the
15 expansion valve 4 to the heat-application side heat exchanger
3 and which is closed in the heating heat recovery cycle to
allow refrigerant to communicate from the expansion valve 4,

only to the refrigeration evaporator 6.
Disposed in a liquid pipe 17 upstream of the refrigeration
20 evaporator 6 in the refrigeration refrigerant circuit B is a
plate heat exchanger 19 capable of heat exchange with the
discharge gas refrigerant of a freezing compressor 18 in a
freezing refrigerant circuit C which will be described later.

The freezing refrigerant «circuit C€ is formed by

25 successively connecting, through a refrigerant piping, the
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opening/closing valve 16 is closed, the solenoid
10 opening/closing valve 24 is opened, the solenoid
opening/closing valve 26 is closed, the solenoid
opening/closing valve 30 is closed, the solenoid

opening/closing valves 31 and 32 are opened, and the solenoid
opening/closing valve 39 is opened.

15 In the air conditioning refrigerant circuit A, gas
refrigerant discharged from the compressors 1A and 1B is
condensation-liquefied in the heat source-side heat exchanger
3 operating as a condenser and thereafter is delivered to the
receiver 7 by way of the check valve 15 and the bridge

20 circuit 1a4. The 1liquid refrigerant from the liquid phase
part of the receiver 7 1is supercooled by heat exchange with
outdoor air in the first supercooling heat exchanger 8. When
further supercooling is required, in other words, when the

solenoid opening/closing valve 13 is opened, the supercooled

25 liquid refrigerant from the first supercooling heat exchanger
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exchanger 9 by vaporization latent heat of a gas-liquid mixed
refrigerant which is a portion of that supercooled liquid
refrigerant pressure-reduced by the temperature-sensing
S expansion valve 10. The 1liquid refrigerant is pressure-
reduced in the expansion valve 4 and then is fed to the heat-
application side heat exchanger 5 where it is vaporized, and
vaporization latent heat obtained is utilized as a heat sink
for cooling. Thereafter, the refrigerant is flowed back to
10 the compressors 1A and 1B.
Moreover, in the refrigeration refrigerant circuit B, the
refrigerant, pressure-reduced in the expansion valve 4,
branches off from the air conditioning refrigerant circuit A,
passes through the plate heat exchanger 19, and is fed to the
15 refrigeration evaporator 6 where it is vaporized, and
vaporization latent heat obtained is utilized as a heat sink
for refrigeration. Thereafter, the refrigerant is flowed
back to the compressors 1A and 1B.
Further, in the freezing refrigerant circuit €, gas
20 refrigerant discharged from the freezing compressor 18 is
condensation-liquefied in the plate heat exchanger 19
operating as a condenser by heat exchange with liquid
refrigerant circulating through the liquid pipe 17 in the

refrigeration refrigerant circuit B. Thereafter, the

25 condensed 1liquid refrigerant 1is pressure-reduced in the
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21 where it 1is wvaporized, and vaporization latent heat

obtained is utilized as a heat sink for freezing. Thereafter,
the refrigerant is flowed back to the compressor 18 by way of
5 the accumulator 22.

Apart from the above, when the refrigeration/freezing
compartment temperature 1s high, it 1is desired that the
indoor fan 33 be low-speed operated for the prevention of
refrigeration/freezing draft. |

10 (II) HEATING CYCLE

During this cycle, the four-way selector valve 2 is
switched as indicated by broken lines of Figure 6, in which

the solenoid opening/closing valve 13 is opened, the solenoid

opening/closing valve 16 is closed, the solenoid
15 opening/closing valve 24 is closed, the solenoid
opening/closing valve 26 is opened, the solenoid
opening/closing valve 30 is closed, the solenoid

opening/closing valves 31 and 32 are opened, and the solenoid
opening/closing valve 39 is opened.

20 In the refrigerant circuit A for air conditioning, gas
refrigerant discharged from the compressors 1A.and 1B is
condensation-liquefied in the heat-application side heat
exchanger 5 operating as a condenser,'and condensation latent
heat obtained is utilized as a heat source for heating.

25 Thereafter, the 1liquid refrigerant 1is delivered to the
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receiver 7 by way of the check valve 15 and the bridge
circuit 14, and the liquid refrigerant from the liquid phase
part of the receiver 7 is supercooled in the first
supercooling heat exchanger 8 by heat exchange with outdoor

5 air. When further supercooling is required, in other words,
when the solenoid opening/closing valve 13 is opened, the
supercooled liquid refrigerant from the first supercooling
heat exchanger 8 1is further supercooled in the second
supercooling heat exchanger 9 by vaporization latent heat of

10 a gas-liquid mixed refrigerant which is a portion of that
supercooled 1liquid refrigerant pressure-reduced by the
temperature-sensing expansion valve 10. Thereafter, the
liquid refrigerant is pressure-reduced in the expansion valve
4, passes through the plate heaf exchanger 19 in the

15 refrigeration refrigerant circuit B, and is fed to the
evaporator 6 where it is vaporized, and vaporization latent
heat obtained is utilized as a heat sink for refrigeration.
Thereafter, the refrigerant is flowed back to the compressors
1A and 1B.

20 Moreover, in the freezing refrigerant circuit c, gas
refrigerant discharged from the freezing compressor 18 is
condensation-liquefied in the plate heat exchanger 19
operating as a condenser by heat exchange with liguid

refrigerant circulating through the liquid pipe 17 in the

25 refrigerant circuit B. Thereafter, the liquid refrigerant is
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pressure-reduced in the expansion valve 20 and then is
supplied to the freezing evaporator 21 where it is vaporized,
and vaporization laten£ heat obtained is utilized as a heat
sink for freezing. Thereafter, the refrigerant is flowed
5 back to the compressor 18 by way of the accumulator 22.

As described above, in the present.embodiment, waste heat,
utilized as a heat sink for refrigeration in the evaporator 6
of the refrigerant circuit B 1in the heating cycle, is
recovered as a heat source for heating in the heat-

10 application side heat exchanger 5. At this time, one of the
compressors 1A and 1B 1is stopped. In other words, the
compressor power is turned down.

Apart from the above, when the heating load is'small, that
is, when the difference between the set temperature and the

15 room temperature is small, the evaporator 6 is 1likely to
lack in heat source for refrigeration. To cope with such a
condition, the four-way selector valve 2 1is switched to a
cooling mode of operation (the cooling cycle) and the
solenoid opening/closing valve 16 is opened so as to cause

20 the heat source-side heat exchanger 3 to operate as a
condenser. When the heating 1load increases during the
cooling cycle operation, that is, when the difference between
the set temperature and the room temperature increases, the
four-way selector valve 2 1is switched to a heating mode of

25 operation (the heating cycle) and the  solenoid
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mode is returned back to a heating heat recovery mode of

operation in which the heat-application side heat exchanger 5

is made to operate as a condenser.

5 Further, when the refrigeration load and the freezing load

decrease during the heéting operation, in other words when

the low-level pressure which is the suction pressure of the

compressors 1A and 1B decreases, the balance in power between

the heat-application side heat exchanger 5 and the evaporator

10 6 can be maintained by automatic reduction in the capacity of

the indoor fan 33.

Furthermore, when the refrigeration/freezing load decreases
during the heating cycle operation, in other words when the
low-level pressure which is the suction pressure of the

15 compressors 1A and 1B decreases, the heat-application side
heat exchanger 5 is likely to lack in heat source for heating.
Therefore, the solenoid opening/closing valve 16 is opened to
cause the heat source-side heat exchanger 3 to operate as an
evaporator.

20 Additionally, when the indoor fan 33 is drive-stopped, that
is, even when the heat-application side heat exchanger 5
stops operating, it is possible that the four-way selector

valve 2 is switched to the heating operation and, in addition,

the solenoid opening/closing valve 16 is closed to
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automatically perform heating heat fecovery operation if the
room temperature is below a given value.

In the present embodiment, the suction pipe 38 is arranged
below suction openings 50A and 50B of the compressors 1A and

5 1B, as shown in Figqure 7. The o0il return passage 37 is
connected to a portion of the suction pipe 38 near the
suction opening 50A of the first compressor 1A (i.e., the
larger-capacity compressor). Moreover, disposed in the oil
equalization pipe 48 is a solenoid opening/closing valve 49

10 which is closed when either one of the compressors 1A and 1B
is stopped. The o0il return passage 37 1is provided with a
filter 51.

The compressors 1lA and 1B and the solenoid*opehing/closing
valves 39 and 49 are made on or off, as shown in Figure 3.

15 In Figure 8, the symbol (circle) indicates OPENED and the
symbol (cross) indicates CLOSED.

That is, the air conditioning refrigerant circuit A has a
distribution mechanism R for returning refrigerator oil to
the compressors 1A and 1B. The distribution mechanism R is

20 formed such that the refrigerator oil in the refrigerant
circulating through the refrigerant circuit A is distributed
to the compressors 1A and 1B by the difference in capacity
between the compressors 1A and 1B. In order that a

refrigerator oil in the refrigerant circulating through the

25 refrigerant circuit A is distributed from the larger-capacity
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mechanism R of the present embodiment is operable to return

the refrigerator oil to the compressors 1A and 1B.

More concretely, the distribution mechanism R includes the

5 o0il equalization pipe 48, the o0il separator 36, and the oil
return passage 37. The distribution mechanism R is formed
such that the refrigerator oil separated in the oil separator
36 and the refrigerator o0il contained in the suction gas
refrigerant of the compressors 1A and 1B are preferentially

10 returned to the first compressor 1A with a larger capacity.

As a result of such arrangement, during the time that both
the compressors 1A and 1B are in operation, both the solenoid
opening/closing valves 39 and 49 are opened. Then, the
refrigerator oil F separated in the o0il separator 36 is

15 returned to the suction pipe 38 through the o0il return
passage 37 and is returned, together with the refrigerator
oil F in the suction gas refrigerant, to the compressors 1A
and 1B according to the suction pressure.

At that time, a larger amount of the refrigerator oil F is

20 returned to the first compressor 1A with a larger capacity.
However, since the internal pressure of the first compressor
1A of larger capacity increases beyond that of the second
compressor 1B, the refrigerator oil F travels to the second

compressor 1B of smaller <capacity through the o0il

25 equalization pipe 48. This ensures that the refrigerator oil
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Accordingly, unlike the prior art technique, it is possible
to secure the refrigerator oil F for the compressors 1A and
1B without having to perform o0il equalization control to
5 cause the compressors to operate alternately.
Additionally, during the time that both the compressors 1A
and 1B are stopped, the opening/closing valve 39 is closed,
thereby placing the o0il return passage 37 1in the non-
communication state. As a result, there is no flow of
10 refrigerant from the oil separator 36 to the suction side at
the operation stop time.
Further, during the time that either one of the compressors
1A and 1B is stopped, the opening/closing valve 49 is closed,
thereby preventing the refrigerator oil F from traveling
15 through the o0il equalization pipe 48. As a result, the
movement of the refrigerator oil F from one compressor in
operation to the other compressor which is being. stopped is
inhibited, and the compressor in operation will not be
starved of the refrigerator oil F.
20 Further, since the suction pipe 38 extending to the
compressors 1A and 1B is arranged below the suction openings
50A and 50B of the compressors 1A and 1B, this arrangement

prevents the refrigerator oil F from flowing into the larger-

capacity compressor 1A through the suction pipe 38 during the
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SIXTH EMBODIMENT
Referring to Figure 9, there 1is shown a suction pipe
5 section in a refrigeration system according to a sixth
embodiment of the present invention.

In the present embodiment, in order to ensure that the
refrigerator oil F separated in the o0il separator 36 is
positively returned to the suction -openings 50A and 50B of

10 the first and second compressors 1A and 1B, there are
provided two o0il return passages 37A and 37B which are
connected to portions of the suction pipe 38 near the suction
openings 50A an 50B. Moreover, opéning/closing valves 39Aa
and 39B, which are closed when both the compressors 1A and 1B

15 are stopped, are dispoéed in the o0il return passage 37A and
in the o0il return passage 37B, respectively.

As a result of such arrangement, during the period that
both of the compressors 1A and 1B are in operation, having
passed through the o0il return passages 37A and 37B, the

20 refrigerator oil separated 1in the oil separator 36 is
returned to the compressors 1A and 1B, together with the
refrigerator oil contained in the suction gas refrigerant.

This further ensures that the refrigerator oil is returned

positively. The other arrangements and operation/functions
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In the first, third, and fourth embodiments of the present

5 invention, the refrigeration systems with two compressors
having different capacities have been described. However,
the present invention ﬁay include three or more compressors
having different capacities. For instance, the present
invention is applicable to a refrigeration systeﬁ with three

10 compressois having a capacity of 3 HP, a capacity of 4 HP,
and a capacity of 4 HP, respectively, and to a refrigeration
system with three compressors having a capacity of 3 HP, a
capacity of 4 HP, and a capacity of 5 HP, respectively.

INDUSTRIAL APPLICABILITY

15 As described above, the refrigeration systems of the

present invention are available for.air conditioners with a

plurality of compressors, particularly for air conditioners

with a plurality of compressors having different capacities.
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refrigerant circuit ) formed by successively

connecting, through refrigerant piping, a plurality
of low-pressure dome type compressors (1A, 1B, ..)
connected together in parallel and differing in
capacity from one another,  a heat-source side heat
exchanger (102), a pressure-reducing mechanism (103),
and a heat—appliéation side heat exchanger (104),

wherein said refrigeration system‘is formed by
bringing said COmMpPressors (1a, 1B, ) in
communication with one another through oil
equalization pipes (109, 109, ..);

wherein an o0il separator (116) capable of
separating a refrigerator oil in a discharge gas
refrigerant is disposed in a discharge piping (115)
of said compressors (1A, 1B, ..):;

wherein an_oil return mechanism (Z) capable of
preferentially returning a refrigerator oil contained
in a suction gas refrigerant to said compressor (1A)
with the smallest capacity among said compressors
(12, 1B, ..) is disposed in a suction line (X) of said

compressors (1A, 1B, ..); and
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the ézlest capacity among said compressors

(1A, 1B, ..), is provided:; and

wherein said oil return mechanism (Z) is made up

of:

a first suction piping (125) which has a given
length and is substantially horizontai, said first
suction piping (125) forming a part of said suction
line (X) and being connected to said compressor 1A

with the smallest capacity among said compressors

(1A, 1B, ..):; and

second suction pipings (126, 126, ..) which
branch from upper portions of said first suction
piping (125) and are connected to other than said
compressor (lA) with the smallest capacity among said

compressors (1A, 1B, ..); i.e., to said compressors

(1B, 1C, ..), respectively.

2. A refrigeration system which  comprises

refrigerant circuit (A) formed by ' successively

connecting, through refrigerant piping, a plurality

of low-pressure dome type compressors (1A, 1B, ..)
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and a heat-application side heat exchanger (104),
wherein said refrigeration system is formed by
bringing said COmpPressors (14, 1B, o) in

communication with one another "through oil

~e

equalization pipes (109, 109, ..)

wherein an o©il separator (116) capable of
'separating a refrigerator .oil in a discharge gas
refrigerant 1is disposed in a dischargé piping (1195)
of said compressors (1A, 1B, ..):

wherein an oil return mechanism (Z) capable of
preferentially returning a refrigerator oil contained
in a suction gas refrigerant to said compressor (1A)
with the smallest capacity among said compressors
(1A, 1B, ..) is disposed in a suction line (X) of said
compressors (1A, 1B, ..): and

wherein an. o0il return passage (117), through
which said refrigerator éil separated in said oil
separator (116) 1is returned to said compressor (1A)
with the smallest capacity among said compressors

(1A, 1B, ..), 1is provided; and
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wherein said o0il return mechanism (Z) is made

a vertical pipe (127) which forms a part of said
suction line (X) and has a downwardly-opened lower
end;

a pipe body (128) toward which a lower portion
of said wvertical pipe (127) faceé and whose
horizontal cross-sectional area 1is larger than that
of said vertical pipe (127);

a first suction piping (125) which is connected
to a lower end of said pipe body (128) and to said
compressor (lA) with the smallest capacity among said
compressors (1A, 1B, ..); and

second suction pipings (126, 126, ..) which are
connected to sidewall portions of said pipe body

(128) and to other than said compressor (lA) with the

smallest capacity among said compressors (1A, 1B, ..},
i.e., to said compressors (1B, 1C, ..), respectively.

3. A refrigeration system  which comprises a
refrigerant circuit (A) formed by successively

connecting, through refrigerant piping, a plurality
of low-pressure dome type compressors (1A, 1B, ..)

connected together in parallel and differing in
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capacity from one ancther, a heat-source side heat
exchanger (102), a pressure-reducing mechanism (103),
and a heat-application side heat exchanger (104),

wherein said refrigeration system is formed by
bringing said cCompressors (1A, 1B, ) in
communication with one | another through oil
equalization pipes (109, 109, ..):

wherein an o0il separator (116) capable of
separating a refrigerator oil in a discharge gas
refrigerant is disposed in a discharge piping (115)
of said compressors (1A, 1B, ..);

wherein an o0il return mechanism (Z) capable of
preferentially returning a refrigerator oil contained
in a suction gas refrigerant to said compressor (1A)
with the smallest capacity{ among said compressors
(1A, 1B, ..) is disposed in a suction line (X) of said
compressors (1A, 1B, ..); and

wherein an o0il return passage (117), through
which said refrigerator oil separated in said oil
separator (116) 1is returned to said compressor (1lA)
with the smallést capacity among said compressors
(1A, 1B, ..), 1is provided; and

wherein said oil return mechanism (Z) is made up

of:
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a horizontal great-diameter pipe (129) which

forms a part of said suction 1line (X) and whose
vertical cross-sectional area is larger than that of
sald suction line (X);

a first suction piping (125) which is connected
to a pipe-wall portion of said horizontal great-
diameter pipe (129) and to said compreésor (1A) with
the smallest capacity among said compressors (1A, 1B,
..) ; and |

second suction pipings (126, 126, ..) which are
arranged to concentrically face the center of said
horizontal great-diameter pipe (129) and are
connected to other than said compressor (1lA) with the
smallest capacity among said compressors (1a, 1B, ..),

i.e., to said compressors (1B,.1C, ..), respectively.

4. The refrigeration system of any one of claims 1,
2, and 3,
wherein said o0il return passage (117) is

connected to said first suction piping (125).

5. A refrigeration system comprising a refrigerant
circuit (A) which is formed by successively

connecting, through refrigerant piping, a pair of
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high-pressure dome type compressors (1A, 1B)

connected togeﬁher in parallel and differing in
capacity from each other, a four-way selector valve
(23, a heat-source side heat exchanger (3), a
pressure-reducing mechanism (4), and a heat-
application side heat exchanger (5),

wherein said refrigeration system is formed by
bringing said compressors (1A, 1B) in communication
with each other through an o0il equalization pipe
(48) ;

wherein an oil separator (36) capable of
separating a refrigerator oil 1in a discharge gas
refrigerant is disposed in a discharge piping (47) of
said compressors (1A, 1B);

wherein an o0il return passage (37), through
which said refrigerator oil separated in said oil
separator (36) 1is returned to the suction side of
each of said compressors (1A, 1B), is provided;
and

wherein an opening/closing valve (39), which is
closed when both said compressors (1A, 1B) are
stopped, is disposed in said oil return passage (37);

and
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wherein a suction pipe (38) of said compressors
(1A, 1B) 1is disposed below suction openings (504,

50B) of said compressors (1A, 1B).

6. A refrigeration system comprising a refrigerant
circuit (A) which is formed Dby successively
connecting, through refrigerant pipiné, a pair of
high-pressure dome type compressors (1A, 1B)
connected together in pa;allel and differing in
capacity from eéch other, a four-way éelector valve
(2), a heat-source side heat exchanger (3), a
pressure-reducing mechanism (4), and a heat-
application side heat exchanger (5),

wherein said refrigeration system is formed by
bringing said compressors (1A, 1B) in communication
with each other through an o0il equalization pipe
(48);

wherein an o0il separator (36) capable of
separating a refrigerator o0il in a discharge gas
refrigerant is disposed in a discharge piping (47) of
said compressors (1A, 1B);

wherein oil return passaées (37A, 37B), through

which said refrigerator oil separated in said oil
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compressors (lA, 1B) are stopped, are disposed in
said oil return passages (37A, 37B), respectively;
and

wherein a suction pipe (38) of said compressors
(1A,1B) is disposed below suction openings (50A, 50B)

of said compressors (1A, 1B).

7. A refrigeration system.comprisingva refrigerant
circuit (A) thch is formed by successively
connecting, through refrigerant piping, a pair of
high-pressure dome type compressors (1A, 1B)
connected together in parallel and differing in
capacity from each other, a four-way selector valve
(2), a heat-source side heat exchanger (3), a
pressure-reducing mechanism (4), and a heat-
application side heat exchanger (5),

wherein said refrigeration system is formed by
bringing said compressors (1A, 1B) in communication

with each other through an o0il equalization pipe

(48) ;
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wherein an oil separator (36) capable of
separating a refrigerator oil 1in a discharge gas
refrigerant is disposed in a discharge piping (47) of
said compressors (1A, 1B);

wherein an o0il return passage (37), through
which said reffigerator 0il separated in said oil
separator (36) 1is returned to the suétion side of
each of said compressors (1A, 1B), is provided; and

wherein an opening/closing valve (49), which is
closed during the period that either one of said
compressors (1A, 1B) is stopped, is disposed in said
0il equalization pipe (48); and

wherein a suction pipe (38) of said compressors
(1A, 1B) is disposed below suction openings (503,

S50B) of said compressors (1A, 1B).




