;e3e>7;../12%$3076f 7T7 DESCRI PTI ON REFRI GERATI NG APPARATUS 5 Techni cal
Rield The present invention relates to a refrigerating appar 1
particular to, a refrigerating apparat us whi ch has applicati mmm“m@mﬂm{""
exchangers for a plurality of channels as col d-storage/freezing and .

air-conditioning heat exchangers. 10 Background Art Refrigerating
appar atuses which performa refrigerating cycle are conventionally known.

The refrigerati ng apparatuses aren h\i zed as an air; i tioning
machi ne for perform ng air-cooli né)ﬁ]sej‘gi‘.y%gf‘?# a roomor a jwﬁmmmgmmmne
such as a refrigerator for storing foods. Anong the refrig

apparatuses, there is a refrigerating apparatus which perforns *159159*
air-conditioning and col d-storage/freezing as disclos:d in Japanese Patent
Appl i cation Laid-Open (JP- RERBIGERNTINGABPARATHSs type of refrigerating
apparatus, application-side heat exchangers provided in application-side
units including cold-storage/freezing showases and an 20 air-conditioning
i ndoor nmachine are connected in parallel to a heat-source side heat
exchangger in a heat-source side uridchiniGil &#i¢lgd out door by |iquid side
conmmuni cation pi pes and gas side communication pipes, respectively. This

refrigerating m&%&ﬁ ihvedtibt Rldi &t odt refrighratifi GHFNERE SkSn TR @ 1ANG, t he

like . By inst Ihg one refrigerating apparatus, air-conditioning wthin a

store and, Pe?ﬂlg%)lg igf %@p%ﬂ?#\?ﬁﬁ% lﬁ?gpggcragﬁnpﬁﬁé%ﬁee(}chang%rs' fora il Gy bP Pe

Sol ved- I'nh ac ere ng appar at us,” comruri cation pi pes
havi ng di aneters dependin n t.he agount of .refrigerant circul ated and
Wstarage/ di

their | engtiRacls as «Olf-starage/Ireeeiag afd alistondifiaming haat eXEHARESE t he pipes i s
extrenely long, a pressure loss 5 for the refrigerant becones |arge and
thus a refrigerating ability may be easily decreased. In the refrigerating
apparatus, a refrigerant circuit is configured so as to have two channel s,
i.e.,10a col d-storage/freezi ng chafaekgeomwhdArtir-conditioni ng channel . Two
conmuni cation pipes are used for a liquid line and a gas line, respectively
and 10 thus theRefiigeesting pppaatusecomhsc apgformak refrigecatimectycdlg soveh
pipes is conplicated and the pipes may be connected in a wong manner. The
present i gyRiRhiioRaMAkidewe! oped réfigerfMmoObppatatuses et ailelyandliasd akj act
air-conditioning machine for performing air-cooling/heating in a room or a cooling
machine such as a refrigerator for storing foods. Among the refrigerating
15 apparatuses, there is a refrigerating apparatus which performs air-conditioning and
cold-storage/freezing as disclosed in Japanese Patent Application Laid-Open (JP-A)
No. 2001-280749.
In this type of refrigerating apparatus, application-side heat exchangers
provided in application-side units including cold-storage/freezing showcases and an
20  air-conditioning indoor machine are connected in parallel to a heat-source side heat
exchanger in a heat-source side unit installed outdoor by liquid side communication
pipes and gas side communication pipes, respectively. This refrigerating apparatus is
installed at e.g., a convenience store and the like . By installing one refrigerating

apparatus, air-conditioning within a store and cooling for showcases can be

25  performed.




of the present invention is to inprove workability of connecting pipes and
t.o prevent a decrease in refrigerating ability even if the length of the

pi pes becones long in a 15 refrigeratigg apparatus in which a plurality of
application-si de heat exchangers are cdnnected to a conpression nmechani sm
and a heat-source side heat exchanger. Disclosure of Invention In
accordance with the present invention, a plurality of liquid |ines are 20

i ntegrate%i Efo alj qgikd i de communi cation pipe. The liquid side

comuni catiighleRHte b 8V§§'o'sed adj acent to a | ow pressure gas side

comuni cation pipe for a gas line so as to contact it. \As.a result,. a
Iiquid refri gedamccesansrowithahe rafiigsratinganpagatus, compnyucatien ppegdaving
supercool ed by the gas refrigerant at the suction side. Specifically, in
accor danaaméters depénding iomviehet aropynti of fefrigerastigisesleted andthnis dpangths are
refrigerating apparatus which conprises a refrigerant circuit (I E) in which
3 conpr essjcRtedradiaiitetss (whikn i)length o slie sipes sextiedehbag, & podsamgdoss( 4) ,
expansi on nechani sns (2G 42, 46, 52) and application-side heat exchangers
(41, 45, féil)th@fr%fxggmﬁtcb@ébrﬁ&g%rgeran_daﬂﬂlsl51rmg%hattdgeaanmlxﬁawb@ne@silqe heat
exchangers (41, 45, 51) for a plurality of channels are connected in

paral | el &%rtrs‘ng(%corrpressi on nmechanisns 5 (2D, 2E) and the heat-source side

heat exchéa'ngeear 4). In the refrigerating apparatus, liquid lines for the

plurality of chanpels..in the refrigerant.ci i l. | L. cpU i de
communi cat i on BPBEE (e‘}T ,eraf; gatpﬁgrqt‘?sqLarirahégeéérﬁtgémﬁ%%ﬁ%ﬁg%?ggk?&lk%eiss
provi ded adjacent to a | ow pressure gas side co ni cati on.pi.pe (15) .for a
gas |ine t9fo ‘éhanlfléfst‘-eor?ecgﬁaﬂﬂré‘geéﬁegg‘gt 208k %‘g{nél‘? AIr-G3 F%glﬁg%&ﬁ"ﬁ’%eé'e with
the first invention, a refrigerant is circulated within a refrigerant
circuit (T commetingtion ainehade bpedofos apliguidllineyansk a pnHAG|ESPIGHVEN her
hand, in a liquid line, refrigerants fromthe plurality of channels are

j 0i na® andut heej pimber LEf pipgerbandomes dasge. n Woek |foyubdodnedting svehmpipesats on
pipe (11). As the liquid side comrunication pipe (11) is provided adjacent
to the | qumFIRsSd EndaR Sipdemby beapmusEtedtin arwpnpendnks). for a gas line of
at | east one channel so as to contact it, a liquid refrigerant flowing in

the liquid si de{ﬁ@mﬁwmtqa{férﬁ{bnpdva@dévﬂeiapéaaaméwghmgﬁomem, and &f bbjger ant
flowng in the | ow pressure gas side conmunication pipe (15) so as to be

super cool &ye | Do AGE RIARAGH itd fnfroS€ SRRRAMINYPDE tihectify biheRRR UDRASAL: ! O

provi de a rigerati ng apparatus conprises a refrigerant circuit

(I'E) in whi.ch conpression mechani snms (. - r '

exchanger? (8§7eass Féf‘gﬁrartﬂélgkﬁé’ﬁlilté'n%veflzlg?hige?gﬁlh%fEl%a b%%g%gg%f’?g’cgotq}ggﬁ-a%si de
heat exchangers (41, 45, 5]) grg connect ed toglgt her, @ng in which the

appl i Bat | GAUSHAENE ARP2EAEH Hhydich p phurabyy of gpplicationzside feal ey PpRaY P JL°
channel and the application-side heat exchanger (41) for an 25

ai r - condi tarowected tolragniepressien rachariseganda peglajousse fige hpyt eXsh#EsSsi on
mechanism 4 (2D, 2E) and the heat-source side heat exchanger (4) and the
conpressi on nechanisns (2D, 2E) are configured so as to be capabl e of
switching a plurality of conpressors (2A, 2B, 2C) between for the

col d-storage/ freezing channel anidcfoturd beImientivmndi tioni ng channel. 5 In
accordance with this refrigerating apparatus, liquid Iines for both of the
channel s share g Liedtiangd SRt PReETpRésent iiAenpiope a( dlralitgnef tigeid iigws drsi de
comuni cation pipe (11) is provided adjacent to a | ow pressure gas side

commugy Ca}dtér)é}gceitdﬁ:ﬁ%cf Q‘?éuifdosrideac uhicaﬁohwehenfem ‘1§Ei<a§%eﬁ{n§dxﬁ@a&id§1q)i§@annel

SO as ' to co I'n accordance w t he second inventi on,
refrigerant .is circulated iin the refrigerant circuif ( [ & into
t he col d-&%f%@ﬁ@ﬁ@@?i’%@ aclﬂ?i’ﬁweﬁs“gﬁ§a?ﬁlge§?rrn%uélﬁ Itﬁn&iﬁ%&ééﬁi@ﬁ%ﬂ% a
liquid line, branched refrigerants tj_oi n and bhe 40' ned r%ri%erﬁ%.t flows in
one |iquitp @@@tdbnﬁﬁﬁiréﬁilf:@ﬂl%‘%é‘* {iggyant gan pead- ’ﬁchﬁ‘?gf ¥itha RSAHIECEE | on
pipe (11) is provided adjacent to the | ow pressure gas side 15

communi catd besppgreogled byftbe gas gefsigerant abthet wetiepslest or age/ fr eezi ng channel

so as to
Specifically, in accordance with a first invention, it is presupposed to provide

25 a refrigerating apparatus which comprises a refrigerant circuit (1E). in which



contact it, a liquid refrigerant flowwng in the liquid side conmunication
pi pe (11) heat-exchanges with a refrigerant flowing in the | ow pressure gas
si de communi cation pipe (15) for the cql d-storage/freezing channel so as to
be supercool ed. 20 In accordance wth & third invention, the refri gerating
apparatus of the first or second invention further conprises a liquid
injection pipe (27) for supplying a part of liquid refrigerant circulating
inthe refrigerant circuit ) suction sides of the conpression.

mchani semIEIOEmechihape AR Ahdat SOHE CHTE bA: SYCTEEh A R oiog
liquid refrigerant is 25 supercooled by the gas refrigerant at the suction
si de, thenectmnisoiy (Horddntd6, $2) ang appliestierasislg. hery exchangarsyidd , 485 Fil hareant
with a |large degree of superheat is sucked by the conpression nmechani sns
(2D, 2E) ,conhettedpogathbt, eantdanpriiebrihe npplicegresidothesuparhhegersf(@dnibefhg
excessively large by performng liquid injection. In accordance with a
fourth i mgeatyl@nlity Bf thgndedd siedinakited inpRAIIR 46 tief cdhpredsibhméchanisagcond
invention, the liquid side conmunication pipe (11) and the | ow pressure gas

si de c_f;,ome(g%?%gia%ra ReRgaf-d rc%id%hh@a'i%xglg_ﬁ%‘% ¢4) adj acent to each other are

P
surround eat transfer materi al 2). I'maccordance with a fifth

invention, in the refrigerating apparatusof j I.on.

al um num t ape r}ﬁgg? f%rflg?iaé)n% asp%\ﬂf)gﬁﬁ&h%lslggnﬁsea&etpé gﬁé%gtr)} %&%bggil% )
around the |iquid side muni cati qQ ipe (11).and the | pressur.e gas
o Qe ConTemBHARDRTHHIE BN B)are i E STUB R TRNGHOR P b 3RS FRER
inventions, a liquid refrigerant is efficiently supercooled by a gas

refri ger ande ommuenicatien aribei dd) vis apronidedeadiacemnts ar lavgpegssaie gadsida ch
as, e.g., an alumnumtape material. 15 --Effects- In accordance with the
first i nvemtmonicatiogyiipe (15)or faggasdingl afratlleasy ook chhemalsbsisitn contact it.
refrigerant circuit (1E) share one liquid side comrunication pipe (11), and
t he liopqui d si dencguEorddncatwion the P sy ikl ention ps ovfripedarads atenlated vitiden a

| ow pressure gas side conmuni cation pipe (15) for a gas line of at |east

one chan ”x%lfri%&aﬂﬁ crOuit PIEREY bleingAftahoh e idés agamraugeémmnn_alsl IOtk other
refrigerant by a gas refrigerant. Thus, a refrigerant having | ower enthal py

can be suppl4 ?ﬁgtlgﬁi@%%pPé&&%PA:RQ@:#%JE@?&gg RARAS Qxflé-joiﬂ?d ard the FOT

this reason, erehce i'n ent hal py rigerants a

cnt L ancesii e BSORhL S S BE oM IBR Sl et Pa
even if psiiggsco%lrrgurlli(%ggbn pipe (11) is provided adjacent to the low-pressure gas side
15 communication pipe (15) for a gas line of at least one channel so as to contact it, a
liquid refrigerant flowing in the liquid side communication pipe (11) heat-exchanges
with a refrigerant flowing in the low-pressure gas side communication pipe (15) so

as to be supercooled.

In accordance with a second invention, it is presupposed to provide a
20 refrigerating apparatus which comprises a refrigerant circuit (1E) in which
compression mechanisms (2D, 2E), a heat-source side heat exchanger (4), expansion
mechanisms (26, 42, 46, 52) and application-side heat exchangers (41, 45, 51) are
connected together, and in which the application-side heat exchangers (45, 51) for a

cold-storage/freezing channel and the application-side heat exchanger (41) for an

25  air-conditioning channel are connected in parallel to the compression mechanism



6 As liquid lines for a plurality of channels are integrated into one
Liquid side communication liquid pipe (11), the total nunber of

comuni cation pipes is reduced. Accordbpgly, wor k for connecting pipes is
easily perfornmed and the possibility of’ connecting wong pipes is reduced.
Nanmely, workability for piping is 5 inproved. In accordance with the second
invention, in the refrigerant circuit (IE) having the col d-storage/freezing

channel air ndi tioning ch o] ned ui refrl era t from
chamnel 335, RENeIC SPEhiPLAS: SIRDIRe ShBATSH! B LRI,

col d-storage/freezin channel A decrease in ab|I|t can be 10 prevent ed
and the WBPsEBiIng (2Bo2Ehats erpfiained o ppe B¢ sapab! ﬁ0¥ﬁylteh§1rg dPIYrplty o
apparatus having the col d-storage/freezi n? channel and the air-conditioning
channel sepgprassiry (24, 2By 2€) b@trwetehépr theresfl distrp gelfreiesingi ahs nneltaad fostife xed
in the col d-storage/freezing channel and a gas line is not sw tched between
t he di schiar-genditidaimnchdnmel sucti on side. Accordingly, the |ow pressure gas
si de communi cation 15 pipe (15) for the col d-storage/freezing channel and

the jgined |iquhdcehadRne® WHNHERéPIEePItRE 5]%&&1@”1@19&1“11@5 foR®osthanfiRl s can

be easily provided adjacent to each other. t he conmuni cation pipe (17)

|1 2935 dlfgel ol dibes g faOfwaé'c%@wg?ﬁQﬂwegwle (9 prevhdefaad aRpNt o

the i qui & 2omruRi cdt i on p! pe It c gured 0oas to
perform aj r COO|I [air-he n chin irecti pns i_n_ whi

el 1 gor ARTBRREANSP B'Pq 1AL cH a’éﬂ%l éw Wl O aRRenshe s gl | o
provided the |iquid injection pipe( for supply a. part of liquid

ref ri ger MMMBpPRICaHaR piRe (YP)dABa L ﬂ‘F‘@éP &bk C(alfir%malgeﬂg fepingochangelifts Bh
sides of the conpression nechanisns (2D, 2E). Thus, even if a degree of
super heatcostaathe gas refrigerant at the suction si de becones | arge 25 when
aliquid refrigerant is supercooled by the gas refrigerant at the suction
si de,10 per f dnnicegrdangeiwdith nhest¢domd imxantporeve ndfrighmntegceaeulated uptreheat
from bei ng excessively large in a conpression process. As a result, because

of structifiegerafic tireuit i(LE gﬂﬁaﬁﬁml’ﬁ@lté By 61d avdSrage/ frekzingoeiaminen@ndipear at us
in which a decease in wor ility is suppressed while a decrease in ability

5 P TR g Sl 10K Gne RS ot SN L1
refrigerant flows in one liquid side communication pipe (11). As the liquid side
communication pipe (11) is provided adjacent to the low-pressure gas side

15 communication pipe (15) for a gas line of the cold-storage/freezing channel so as to
contact it, a liquid refrigerant flowing in the liquid side communication pipe (11)
heat-exchanges with a refrigerant flowing in the low-pressure gas side
communication pipe (15) for the cold-storage/freezing channel so as to be
supercooled.

20 In accordance with a third invention, the refrigerating apparatus of the first
or second invention further comprises a liquid injection pipe (27) for supplying a
part of liquid refrigerant circulating in the refrigerant circuit (1E) to suction sides of
the compression mechanisms (2D, 2E).

In accordance with the third invention, when the liquid refrigerant is

25 supercooled by the gas refrigerant at the suction side, the gas refrigerant is



(11) and the | ow pressure gas side comuni cation pipe (15) are surrounded
by the heat transfer material (12). Accordingly, a liquid refrigerant can
be reliably supercooled by a gas refri gserant via the heat transfer materi al
(12). Further, a heat 10 exchanger dedicated to supercooling of a liquid
refrigerant is not required and thus the structure cannot be conpli cat ed.
In accordance with the fifth invention, the alum numtape material (12) is
wound, as a heati transfer material . around the,liquid sid ommuni catj on

b pe (11 Bateat: | BRe R adhn e dron AN at et Bhs e Eer FETHRRATY
supercooling of a 15 liquid. refrigerant by a | ow pressure gas refrigefant
can be rdhficaumpneysian Bgehamiany @Dy, sit rigcRessle dpi pieveristhe degiss %é
Drawings Fig. 1 is a refrigerant circuit diagramof a refrigerating

appar at usupetheai fipm bedg exressibeldilargetbyopenfoeningdsand injgvdoni on. Fig. 2 is
a refrigerant circuit diagramillustrating the operation of an air-cooling
operation. Fig.InJccsrdancefwitlgerfantthdnveridn, dn algy eefrigbtatsigrappareggus b€the
operation of a freezing operation. 8 Fig. 4 is arefrigerant circuit

di agrgm i dsusér Akl LinGe PR, atneomc@fld asifie I dmAbhicafiehi piel (EEZidAE the
operation. Fig. 5is a Mdlier chart illustrating the behavior of a
refriger ) i 0, j L I ing/ i i Fig.
Gis araperBlsstil® desFRuorhAGolcatish b LEANATH 1L BEELDR RREER G000 T
air-cooling/freezin ration. Fi 7 is a rigerant circuit diagram
illustr at‘?tﬂﬁr "frﬁesu&fg‘\"gg?é’ﬁ aoﬁeaér’ir grqrﬁgﬁttef‘ﬁbf%er ation. Fig. 8is a
refrigerant circuit diagramijllystrati th i f first 10

air- hgati ng/ f reléz‘icrﬁ’@r‘?%’gfea‘f’itbﬁ. ﬁﬁihgi%VIQQ‘i?%“’ai%r Imra‘ire éé%giig%iasEEu‘:'aE‘?%Pé&"am
illustrating the operation of a second air-heating/freezing operation. Fig.
10 i s a Nounrtheinvehtion, anl donmiaemntppehmabesid vil3d) i8fwaurdf ay geheait transfeme
time of the second air-heating/freezing operation. 15 Fig. 11 is a

r ef rilger anateciat,carotindlitixgtigmid $idesommumigatide poee(ld) iaod thé lavipressdre gas
air-heating/freezing operation. Fig. 12 is a Mllier chart illustrating the
behav![ or Qwfe domfudieficanpipat(1ishe time of the third air-heating/freezing
operati on.

In accordance with the fourth and fifth inventions, a liquid refrigerant is
efficiently supercooled by a gas refrigerant at the suction side via the heat transfer
material (12) such as, e.g., an aluminum tape material.

15 --Effects--

In accordance with the first invention, liquid lines for a plurality of channels
in fhé refrigerant circuit (1E) share one liquid side communication pipe (11), and the
liquid side communication pipe (11) is provided adjacent to the low-pressure gas
side communication pipe (15) for a gas line of at least one channel so as to contact it

20 in order to supercool a liquid refrigerant by a gas refrigerant. Thus, a refrigerant
having lower enthalpy can be supplied to the application-side heat exchangers (41,
45, 51). For this reason, the difference in enthalpy between refrigerants at
entrances/exits for the application-side heat exchangers (41, 45, S§1) becomes large,

and a decrease in refrigerating ability can be prevented even if pipes are long.



20 Best Mode for Carrying Qut the Invention An enbodi nent of the present
Lnvention will be described in detail hereinafter based on the draw ngs. As
shown in Fig. 1, a refrigerating apparatus (1) relating to this enbodi nent
is installed at convenience stores and 1s used to perform cooling of

col d-storage 25 showcases and freezi ng showases and air-cooling/ heating
in the stores. 9 The refrigerating apparatus (1) has an outdoor unit

(I'A), an indoor, upit. . (1B),.a col dsstaorage unit (1C) and.a freezing unit
(1D), and corrpr"sl‘ssie}éulé1 L Srfloéé‘rpi?ﬁahiY PEﬁﬁ?n"(e%é}redg?e)ﬁfﬁtﬁgH&oé’neeh‘lu‘ side
vapor -conpression refrigerating cycle. The refrigerant circuit (lE) is
provi ded SRMRAUBICRtiPR igHgnRe &Jd)e the @itk npEbet fifdcemarmiestione preasgisand 5
a second channel side circuit for air-conditioning. The refrigerant circuit
(1E) is dedddegur sicepadimgly,owoek Soi tooheecting \wémes Bneasity pexdbimegd cyndl theand an
air-heating cycle. The indoor unit (1B) is configured to perform an

ai r - cool ipogsibpéryaifi @mnaciing@wreng pipeats regluopér Ntammy,byoﬂwbtmflifﬂgpﬁ)@k@is
operations and is installed at, e.g., 10 sal esroons. The col d-storage unit
(10) 6s iimpk@vded at col d-storage showcases to cool air within the
showcases. The freezing unit (1D) is installed at freezing showases to

OO ot oy e L M BORNANE SRR, unf) SBOHEIn Pl Yor ) 1nBCRRMipttAE ot (1937

col d-storage unit (1C) and one eezing unit (1 are | rare n’t he

figure, two.indoor ,units B),.eight cold-storage units (1C) and .one
freezing h\éﬁmg t?“f[ﬁ()l(z'rstorfgg%ﬁe)ﬁﬁlél&cg@nf‘ﬁl an e&%ﬁsgaﬁl‘ﬁﬁﬁmn&éﬁﬂag]@raleme@> The
out door unit (1,6;), corrg:{j ses an inverter conpressor (2A) serving as a first
conpr essoiduid, reftigeragh fromy bethe of cthgpehanssls (pEppespoledgbiisa asuskedrgns
conpressor _and a second non-inverter conpressor (2C) serving as a third 20
conpr esséefrigegpnth&or thersoldrsiwoege/fragzing| anoohphi demeasef i sbilityucandy

sel ector valve (3A), a second four-way selector valve (3B), a third

f our 10ay psetemtedrandatheewpB@biliryd fan ppitglaan bedtpexedanderthé Lassesfvilieg as a
heat - source side heat exchanger. Each of the conpressors (2A, 2B, 2C) is

confi gur egpimatws tdvifigthd ygle- Do Qgelfr RSE1Y chadabEarfCthelair- BN S8iR@ chadhd
inverter conpressor (2A) is a 25 conpressor having a variable Capacity in

whi ch an sgpaatdly C AOUHectidn COMt' O | RriBYAR is 19ir!fln\£&rdt e Sy t{ﬁgtthtehe

capacity is varied continuously or stepw se. The first non-inverter

- . 2C .
vt ng. a Rin ek ek AR ROGRAEL A bl bl oS IVHEREM o ot of SifiiRen ot o

certain reyolution. . . . )
sfde an& U suction side. Accordingly, the low-pressure gas side communication

15  pipe (15) for the cold-storage/freezing channel and the joined liquid side
communication pipe (11) for both of the channels can be easily provided adjacent to
each other. As the communication pipe (17) in a gas line for the air-conditioning
channel is not provided adjacent to the liquid side communication pipe (11), it can be
configured so as to perform air-cooling/air-heating by switching directions in which

20  arefrigerant circulates.

In accordance with the third invention, there is provided the liquid injection
pipe (27) for supplying a part of liquid refrigerant circulating in the refrigerant
circuit (1E) to the suction sides of the compression mechanisms (2D, 2E). Thus,
even if a degree of superheat of the gas refrigerant at the suction side becomes large

25  when a liquid refrigerant is supercooled by the gas refrigerant at the suction side,



5 The inverter conpressor (2A), the first non-inverter conpressor (2B) and
the second non-inverter conpressor (2C) constitute conpression nechani sns
(2D, 2E) for the refrigerating apparatu7s (1). The conpression nmechani sns
(2D, 2E) are configured by a conpression nmechanism (2D) for the first
channel and a conpressi on nechanism (2E) for the second channel.
Specifically, in accordance 10 with the conpression nechani sns (2D, 2E),

during o r ovid i ic the in ter

conpr essg)%l;?%hﬁm% lﬁi&?ﬁ rﬁc@tl Jinéoan1 ﬁ’g?/‘gerng;e‘t}%cgn%r essgrsué)ﬁg)ea ‘ﬁ%‘ﬂ tbﬁing t he
conpr essi on |sm for the first channel and the second

non- mver?‘é?ssc‘o“ﬂ%:}%r%d AOBIPIEHTISE PIQACES g‘ﬁé r@%%@%‘ﬂ%’ﬁ fotastives af thee) for
t he second channel and a case in which the inverter conpressor (2A)

const i t utfeist tand secanshpreansions, mecefEigessiq@ PPPrmtus He Whicht acHeerast iand t he
first non-inverter conpressor (2B) and the second non-inverter conpressor
(20) constotkabgity heswaprpssedsvidhe adedransesim (b2B)y i prevdntedeaondretiabhynpit.
Nanely, while the inverter conpressor (2A) is used for the first channel

si de 6ir agipradtival @eé.d- st orage/ freezi ng and the second non-inverter
conpressor (2C) is used for the second channel side 20 circuit for air

condi tioni ng i Np@ctdragHcdRitRahe f6NEh {dventionOfhell I i's
used so as to bre1 gWI tchced bet V\genlhfgor \{hEeloflfrhset mc{ﬁng%lﬁgcg Si %ﬁgﬁﬁéﬁﬁﬁ@and

for Lne JEEPRL IRl sldf. 811 Ok tonBhRRAIAR, HiendS) (PEw SRRy A Lhe

above- de ed i nver ter co i nv ressor
(2B) and.,the secaond non- ter co sor 5.(2C)..are connected to a

hi gh-pregfﬁ?é er i“f?eerffdl ar g&€ ”E‘é’? Y 8%, h%}Hé fefgeragy ganghe geliaklyre gas
pipe (8) is connected to a port of the first four-way sel ector valve (3A).
The di scliaPgfeoplegedy 5tgﬁsmffrlaeﬁeltf\ila he heat-transéeriaptecighph29s Jovrther ) heatd t he
di scharge pipe (Sc) for the second non-inverter conpressor (2C) are

respé@t i eschangeo\dedadted thsupectmdingvell a/Hqpit) refBgéraghis mitdeqeined pod thuwsn of

t he outdoor heat exchanger (4) is connected to a port of the first four-way
sel ect or thaktrectudd\raimotdie comhsloamtedas pi pe (9). Connected to a liquid side
end portion of the outdoor heat exchanger (4) is one end of a liquid pipe

(10) serving agnackodddhée wlnetheﬁhﬂtmwe\ﬁ%ngMe)aluﬁumr@\fhpﬂeeﬁllatd?lmifzmlf way
of the liquid pipe (10). The other end of the liquid pipe (10) i's ‘connected

t 10 GRSUR4 t
Tgeaout door hglgtgﬁeﬂxe%pgﬁggﬁ&?"#bﬁﬁ Q}(%LHMI fhedl (ﬂ'ﬁd g@%%&gﬁegﬁogkgﬁ%gﬁir of
f t f
G sposed L HEE 9B s af LhLRRe émgé ﬁiﬁe;v'ernﬁé% et 68 4 ort for
the tlk ' Stlquu? : #\Pg%resn(%lb%’cé Pgw \f)arl!esvsgre gas) refrlgerant can be realized by an extremely

simple structure.

Brief Description of Drawings
Fig. 1 is a refrigerant circuit diagram of a refrigerating apparatus relating to
20  an embodiment of the present invention.
Fig. 2 is a refrigerant circuit diagram illustrating the operation of an
air-cooling operation.
Fig. 3 is a refrigerant circuit diagram illustrating the operation of a freezing

operation.



15 conmuni cation gas pipe (17). A port for the first four-way sel ector
valve (3A) is connected to a port for the second four-way sel ector valve
(3B) by a connecting pipe (18). A port for the second four-way sel ector
valve (3B) is connected to the dischar pi pe (5c) for the second
Aon-inverter conpressor (2C) by an auxiliary gas pipe (19). A port for the
second four-way selector valve (3B) is connected to a 20 suction pipe (6c)
for the second non-inverter conpr.essor,. (2C)...A port for the .second four-way
el ector val ve JUBBf et cefacCimat aut dingribaiosBiive (G abtribRestoadsih
four-way selector valve (3B). may be a three-way sel ector valve. The first
f our - way dereekps/{iesEipg qQPeMtians” confi gured so as to be switched between a
first state (see the solid lines in Fig. 1) in which the high-pressure gas
pi pe 25 (8) corfitgn? cat Molhgn charhidlustnstingthedwbaypiopef ¢ 8frigachnt hethe dimmeef i ng
pi pe (18) 12 communi cates with the comruni cation gas pipe (17) and a
second sttht dirgissie-cobEngficleeingl dpeestiom Fig. 1) in which the high-pressure
gas pipe (8) comrunicates with the comruni cation gas pipe (17) and the

connesting pi perigl@)is GORMiEdraat Siscui Uhighhle inuiEAng RSoRrRford 87 a secoie
second four-way selector valve (3B) is configured so as to be sw tched

bet ween %if-hBélﬁn%/Er%%ig%%@%rit%. solid lines in Fig. 1) in which the

auxiliary gas pi onmuni cates with the closed port and the

connecting pipe..(18) .conmuni cates w t.h t.he suctiaon pipe (&) for the second
non-i nverter c?ﬁ%r dsddr? (28K 8”%'%‘2041%@%3 uitéaéglgt ﬁ}ée @r‘%fé’é‘rﬁ’nl Pﬁe@ in
Fig. 1) in i¢ch the auxiliary gas pipe (19) conmunicates 10 with the
connect i r?gr'pgﬁé‘lQQEf)raﬁﬁH the suction pipe (G) communicates with the cl osed
port. A suction pipe (G) for the inverter conpressor (2A) is connected to
a | ow pressur e Kjas 8pispe refrigarprtetiswite diggsan | iusteatne the apewropiqfey firdts) for
the first channel side circuit. The suction pipe (G) for the second
non- ilAveraiehextongifreesiog opbrat@®®) i s connected via the first and second
four-way selector valves (3A, 3B) to the | ow pressure gas pipe for the
second channel Fijde i¢iaretigerahheir@amalugroantiilonrgag Melsperdtion 6f alsBeorut door
gas pipe (9)). A suction pipe (&G) for the first non-inverter conpressor
(2B) is %nﬁgﬁgrféjfrggﬁngr&%;a{lgjornd four-way selector valve (3C) to be
described | ater 1o the suction pipe (6:~) for the inverter conpressor (2A
and the 20 suctg;gon, ol r -inverter.conpr or. (2C).
Speci fically, .cﬂéghgﬁs&g%ogﬁ %rhéeﬁagh%:lp“ ?B’%ﬁgg glge ?‘%g‘)vs(?oo?{atlﬁglger{\%tr 2ﬁ(satrﬁe Elm(e
conpressor, (2A) is, a branc i pe (&d),.and connected to the suction pipe
(&) for O[fﬁé% SO ﬁ*-‘ﬁ‘@@“@?%f‘%@ﬁ%?@é‘wr (2C) is a branch pipe (Ge). The
branch pi pe (GdF), fromthe suction, pi_ge,(Ga) for the inverter conpressor
(2A) s connectd® V1 ds erefigwrant ¢ipwie diagram)illugtrating the opgyatiop pf)a thifd ¢ he
third four-way selector valve (3C). The suction pipe

air-heating/freezing operation.

Fig. 12 is a Mollier chart illustrating the behavior of a refrigerant at the time

of the third air-heating/freezing operation.

20 Best Mode for Carrying Out the Invention
An embodiment of the present invention will be described in detail
hereinafter based on the drawings.
As shown in Fig. 1, a refrigerating apparatus (1) relating to this embodiment
is installed at convenience stores and is used to perform cooling of cold-storage

25 showcases and freezing showcases and air-cooling/ heating in the stores.



13 (6b) for the first non-inverter conpressor (2B) is connected to a second
port (P2) for the third four-way selector valve (3C), The branch pipe (6e)
fromthe suction pipe (6¢) for the secong non-i nverter conpressor (20 is
connected via the check valve (7) to athird port (P3) for the third
four-way selector valve (3C). Further, connected 5 to a fourth port (P4)
for the third four-way selector valve (3C) is a branch pipe (28a) froma

gas vent pipe (R8)_fr.omthe receiver 4) to bg descri | at er. The.check
Javes. pr ovt dec tanrotFBSh e AFRS' rd®b b offiob il DA, 1 Fapar T ow
toward the third four-way selector valve (3C). The third four-way sel ector
val ve (3&)1B58aeehir$t@mg§duryb?la§) prd Bé‘r%emgc%é(ll%),w@é\ﬁ@@wrweﬁiarr§fr1&qrame (see
the solid lines in the figure) in which the first port (P1) communicates

wi th t he seaend Boperforringandaporecompregsioor tefiigdntiogaygte. c Thesefigdranthe
fourth port (P4) and a second state (see the broken lines in the figure) in
whi ch t hecifcuitstl F)ads prqvirdgd wothrafid se ahamehsidh cideeitfforicdll-sporage fRékimahd he
second port (P2) comrunicates with the third port (P3). 15 The di scharge

pi pes5( Sa, s&@dnd Bhannélhé dBic@ituRr Ry Sdif-GofidiSioRine 8k refthdrive AHGHOPIEPRS Pi pe
(9) constitute a high-pressure gas line (1L) at the tinme of air-cooling
oper ati on, i rgen i Wa R g0 Ssur.e. Dl pe
(8) and ?ﬁgﬁ%gﬁgriuﬁ?t(}gtli%otr)lé)sgﬁégié%ebem%x gx(?%%x;[ f%ﬂ&?ﬁ?ﬂf%{@p?r‘é‘g&ggﬁb s line
(1IN) at tch%eti me of air-heating operation. The | ow pressure gas pipe (15)
and the s cl 'on 20 pipes (6a, 6b) for the conpressi on nechanism (2D) for
the first channel cqnstitut first lowpressure gas line (1M.. The
communi cati on 8@? lﬁﬁB%r e&#)(?gﬁas eorfigired itd pepfiopm quef-cpghng [pgetasioprandsi on
mechani sm (2E) for the second channel constitute a | owpressure gas |ine
(1N) at tdmeakihpstisg eperatipp-oomitegingsreh iaperatims and dodnstgded pitpe.g.9) and
the suction pipe (6¢c) constitute a | owpressure gas line (1L) at the tine
25 ofl0t hesakisredmat iTig opdrdbrage. uiih €1 Chmavinsitalitd ancoldsstpiage shdbcases to
switched to be 14 high-pressure gas line or the | owpressure gas |ine
dependi ngooh adpevidiinothel sixdvedazss. Thiee Ifyzimgeasiir@D)ass pispdlddlad) fieezilgnays a
| ow- pressure gas line when a refrigerant flows therethrough regardl ess of
the oper ahb@RatestbabBBair Withif WERHYvEALEL M Ith S oy RRe (ddbor ufnhgm), one
comuni cation gas pipe (17) and 5 the | ow pressure” gas pipe (15) are

ext ended ' t ' LA TS : vi ded
wthin tRO3as: VAT (eD, A S0k HILE it Mmy AARIESIHER in ehd B AW

auxi liary_|iquid. pi (25) .for,bypassing t receiver, (14) is.c ected to
t he |iqui‘ﬁd%&p8“‘(§d¥.ﬁ)ﬁe r“iO&i%'r*éq%?g? Mg ‘ﬂ?@t?ﬂé’e aaﬁifr?eaf@;s PPHU{)@Bprﬁe (25)
mai nlg at 10 thﬁ‘ti me of ad'.r-heati ng. The auxiliary liquid pipe (25) is
provilded SRPPECISH 1B HRigspbodiment.

<Qutdoor Unit>
The outdoor unit (1A) comprises an inverter compressor (2A) serving as a
first compressor, a first non-inverter compressor (2B) serving as a second
compressor and a second non-inverter compressor (2C) serving as a third
20  compressor. Further, the outdoor unit (1A) comprises a first four-way selector valve
(3A), a second four-way selector valve (3B), a third four-way selector valve (3C)
and an outdoor heat exchanger (4) serving as a heat-source side heat exchanger.
Each of the compressors (2A, 2B, 2C) is configured by a closed type
high-pressure dome scroll compressor. The inverter compressor (2A) is a

25  compressor having a variable capacity in which an electric motor is controlled by an



expansi on val ve (26) serving as an expansi on nechanism The check valve (7)
allowing only a refrigerant flow toward the receiver (14) is provided on
the liquid pipe (10) between the outdo é heat exchanger (4) and the
receiver (14). The check valve (7) is 8 aced between a connecting point
with the auxiliary liquid pipe (25) and 15 the receiver (14) on the liquid
pi pe (10). The liquid pipe (10) is branched between the check valve (7) and
the receiver, (14) .(into.,,a branch Liquid,pipe.(36)). The branch..iquid pipe
(30 o L, e ofiieut ERERED0 VAFGAPE OB MR ol TretRB s i Po he
described | ater on the |iqui ipe (10). The branch liquid pipe (3G is
provi ded "AATIAVEHEr CARPKESFET \ﬂngcﬁ“@?Bhea%qCBﬁHr@ona”’r"éﬁef MREESSOr D r 8 a
connecting point with the liquid pipe (10) toward the receiver (14). The

li quid picpampfaBprs kayingei apadtant capachly ighetich wal alect(iz)mater wWedlw ays doiveact i ng
point with the auxiliary liquid pipe (25) and the stop valve (20). This
check vahve cethimtdvohsiamnl y a refrigerant flow fromthe receiver (14)
toward the stop 25 valve (20). 15 Aliquid injection pipe (27) is

connegt ed bet wagg ihb@rtelugsbﬁlr?ésyoﬂ [P, dhPifREt hSRIn @M tddendro¥¥oP (8B YR Jas
pipe (15). The liquid injection pipe (27) is provided with an elecCtronic

expansi o (,29)_; I i S..C pper
or i on bt ArERduEtinyBr BT SRRt B E7G} EXulBu" MR B RRGHRRRAISADIPPS,
conpr ess (RA), .. T .vent pi 2 i rovi.ded w,th.the val ve
(7T al T odEAgOENIs re T bhah BE (7Pt oA LB i aPis ) 45

di scharge pipe (,5a). As descri bed above, t ranch pipe (28a) fromthe gas
vent pi péPOFiEqu%s%)é/oﬁnéef@de%%me hEeeRARIM B&)? f?’I‘M%Leoff{)ﬁ?'hec%‘l"iﬁp?ld MNPuh- way
sel ector valve (3C). An oil separator (3{%) is provided at the high-pressure
gas pi pecpapresin aieghamser (20 irithe seeand ghasael 3Bpe¢ificaldnnioceasgrdancehe o |
separator (30). The other end of the oil return pipe (31) is branched into
a fidgt ovith theteompesgpen(Bdcanamt @32 duoing opetration, phee ardpbjviddhe fir st
oil return pipe (31la) is provided with a solenoid valve (SVO and is

connect eday i Whech kgl erfér @0kipIBssor {2A) 28 the filde nsuGhY@PerPédIgpreda)Y f or
the inverter conpressor (2A). The second oil return pipe (31b) is provided

with a 1?23?1:&&@&&&&%\66m§)%)orﬁiﬂgcﬁaﬁ1i§{&?gi£§ﬁcﬁ4h5%ritfﬁaiﬁh'?]tainﬁlﬂhé’ﬁ&%nﬁ@)

for the second non-inverter conpressor . Afirst oil-level equalizing

) 39Y i ‘ / ' -
Conpr sss5eniaREnE A RENORY LORUEAR AL mBRS b et RN EE] Bir the
B, A d oil-l I | izi i 3 i ted 20
et neon SR Hoartie BREH Fiie i o 6k PuieFisb pPEESsp” (b4) Safte Qtict i on
glqggggSﬂqaﬁr%irr%stép;rgzggc%g%isqgn(_ZIDn)V?‘ért %e Cf?rgprc%%rslgél (arzlg:)fheAﬁtrsql ggn-?rlnlze_r{e?vel

compressor (2B) and the second non-inverter compressor (2C) constitute the

compression mechanism (2E) for the second channel. Namely, while the inverter

compressor (2A) is used for the first channel side circuit for cold-storage/freezing

and the second non-inverter compressor (2C) is used for the second channel side

20  circuit for air conditioning in a fixed manner, the first non-inverter compressor (2B)

is used so as to be switched between for the first channel side circuit and for the
second channel side circuit.

Discharge pipes (Sa, Sb, Sc¢) for the above-described inverter compressor

(2A), the first non-inverter compressor (2B) and the second non-inverter compressor

25 (2C) are connected to a high-pressure gas pipe (discharge pipe) (8), and the



i s connected between the done of the second non-inverter conpressor (20
and the suction pipe (6a) for the inverter conpressor (2A). The first

oil-level equalizing pipe (32), the secpnd oil-level equalizing pipe (33)
and the third oil-level equalizing 25 pipe (34) are respectively provided
wi th sol enoid valves (SVl1, SV2, SV3) as 16 open/cl ose nmechani sns. The

second oil-level equalizing pipe (33) is branched into a fourth oil-1Ievel

(35) and REEPEGEUTH DRFID Fiyee B frf Ao R QR Pl of aPREE ="

(35) is provided with a sal engjd_.valve.(SV5) .and joins the s 0 i_pe
(&) for (BRs. e Plschugsras b forghe Tishashrotaescane s iobiD i Hiebs)
i ncludes an indoor heat exchanger (air-conditioning heat exchan er.zl 1(3{41)
servi ng alscharggpinec6id)dar $helseoml n@BebhERtes rCORH 0T ( @d&reéﬁﬁgﬁé‘l & val ve
(42) serving as an expansi on nechanism The gas side of the indoor 10 heat
exchangerpro4illediwitic arvheck edlveo(7)he conmuni cati on gas pipe (17). The liquid
side of the indoor heat exchanger (41) is connected via the indoor

expangi on val vex @42 kideCerti peGvndobiharsidgomiesat bt bharfgeoid ) isecomnevieditoat i on
liquid pipe (11). The i ndoor heat exchanger (41) is, e.g., a fin-and-tube

heat exchangsr uRifit faf-dhystkpRr vAlvel (BAYBY driduttiéS) gsiipe 9. Corifected

appl i cati‘on- si an 1s disposed in the vicinity of e i ndoor heat

exchanger, (41).. The indoaqr..e i ' I CHAY i

el ectroni'@ ae&é‘éflqssilg?’u e{lfglp\g}g.l oé%gﬂ%(%pg¥§g¥%(ﬁ?{§ %ad%é(%?jgisd%t%@agga 8ﬁlthd (10
i ncludes a cql d-storage hgat., exchanger .(45 ervi ng,as. j
exchangerp‘(’%&hweéi”é‘rg)aseﬂlgq‘é‘d - 8t 8?%{8‘? @;éﬁgf%ﬁd%a’ln&g%%“(‘ﬂg)j gggﬁrevi ng
as an expansi on mechanism The |iquid_side of, the colg-stora e hﬁag
exchangerliquig) pips éb®necThel othar £ndoPEdbedliguidy 81Re74YOhAs (e di%t%r age
expansi on valve (46) to the first branch pipe (Ila) of the communication
li quil® piquenpfiticatiNarteiuid pipe(loplid siterayausicgtingipepeMdilye (46) and the
sol enoid valve (7n) serving as an open/cl ose valve are provided at the

upstream si de Ofhd bBatdoor theat exdgmghedd) &S5 eaxchdimend{tusy heathexchehgerod
valve (7a) is used to stop a refrigerant flow at the tine 17 of a

it Qeggﬁh g‘;{rggﬁ?igﬁ}'hgﬁ?ng\-{??oﬂﬂéoﬁf"ﬂﬁ(m stheng ab 8-hsitovoages faieas dispobahgeas (45)
pressure gas pipe (15). The col d-storage heat
exchanger (o) ;6048 18 e&ShaMgh (4j1€ suction side of
Connected to a port for the first four-way selector valve (3A) is a
15 communication gas pipe (17). A port for the first four-way selector valve (3A) is
connected to a port for the second four-way selector valve (3B) by a connecting pipe
(18). A port for the second four-way selector valve (3B) is connected to the
discharge pipe (5¢) for the second non-inverter compressor (2C) by an auxiliary gas
pipe (19). A port for the second four-way selector valve (3B) is connected to a
20  suction pipe (6¢) for the second non-inverter compressor (2C). A port for the second
four-way selector valve (3B) is configured as a closed port. Namely, the second
four-way selector valve (3B) may be a three-way selector valve.
The first four-way selector valve (3A) is configured so as to be switched

between a first state (see the solid lines in Fig. 1) in which the high-pressure gas pipe

25 (8) communicates with the outdoor gas pipe (9) and the connecting pipe (18)



t he conpressi on mechanism (2D) for the first channel. The indoor heat
exchanger 5 (41) communi cates with the suction side of the second

non-i nverter conpressor (2C) during thi air-cooling operation. A
refrigerant pressure (evaporation pres are) of the col d-storage heat
exchanger (45) is lower than that of the indoor heat exchanger (41). As a
result, a refrigerant evaporation tenperature of the col d-storage heat

exchanger (45) is, e.qg,,.-10C and t.he refr] i t ture
of the 1§0§Ha@wwaﬁ@awﬁ8£@ﬁéﬁ@%?“%%iﬁOP§?§é¥59?5?259£¥ﬁ§£?§ ﬁ%gggg%¥ﬁ%?rcuit
(I'E) structures a circuit for performng evaporati.on different .

t enper at treken ¥ipes (l:lé)Ing-s’e)olr“a‘ﬁblngtﬁﬁﬁ’églb%r?ﬁé\‘&eg?(sél%‘?ei(gs &ommumcan[es with

t enperat ure-sensitive expansion valve and a tenperature sensing bulb is
mount ed tthe tdoennyasicsiide gaé pifrre(1C0] andsthercggaedting pwecidhgemmumsatespath
openi ng of the col d-storage expansion valve (46) is 15 adjusted on the
basi s of t@ero@kdd Afipé e9perature at the exit side of the col d-storage
heat exchanger (45). The col d-storage heat exchanger (45) is, e.g., a
fin-and-tube hepfe &xoRATEEF-wWal LIRSS Ydlve (IBEis dnEiRueedsOaagEbE aNit(H)
serving as a cooling fan is disposed in the vicinity of the col d-storage

heat exchanger, g%ﬁ'};t stzﬂ%r§§ggh%gsouﬁilin>es 20F7119) ik RBEH e Wlkilialy Bhs pipel(wdes a
changer 1 a a

freezi ng heat ex serving as cool i ng heat exchanger,

freezi ng expansi on val 3 ervi ] j I S ;
booster ¢ Wﬂggﬁﬁe%%§¥?§§96%ﬁgpag*@gﬁﬁgégﬁﬁg%@%ﬂgkgQggﬁﬁmggﬁﬁg??gg”?B t he
liquid side of the freezing heat exchanger (51) is a kranch |iqui i pe
(13) br andissactippmredc f?rsttheEP%{@"%'H&(%&&?%BF“P%&Q&@& Scegf’l“gﬁ”%ﬁoqui d
pipe 25 (11) via a solenoid valve (7b) and the freezing expansion, val ve
(52).  18edhke hackeni ldeesoin Fige 19 rlwzhxﬁlgthsewmh%haa*ﬁgéwe(@?; CPRMENEAEt ed to
the suction side of the booster conpressor (53) by a connecting gas Eipe
(54) ,10A bwahcthegesnmeicpag ([Higy (18xamudethef sustionhpipk df¥cpressnicaigs ilpahg 15)
is connected to the discharge side of the booster conpressor (53). The
branch gagoRédpoftl6) is provided with the check 5 valve (7) and an oi
separator (55). An oil return pipe (57) having a capillary tube (56) is

connected bet V‘egnsﬁﬂﬁ)nok)i S ERDT Ffrothe(@9krt8Ndoinpee8ONNRAY IiBGoBasCtRl 1@ 4 54) .
The booster conpressor é%) conpresses a refrigerant by two steps with the

conpr essi pn, MECNAN 51 i%?%(l{‘ﬂ@r{;mré %%}s;&ﬁ%@&’&ﬁlni@ﬁiéd"ﬁ%e} pes)8f Fiedfersant

evapor ati on Penpera ur reez eat exchanger” (51) i's |ower than
Lt ot Bl e S0P 1R Rl ARl D dMEad R gy,
Cxpan] oG] Pecamacied Brpes v BRSBRE RO BaPBY FeRRTIRE L 3 DRSS  de
of the col d-storage . _— .
low-pressure gas pipe for the second channel side circuit (the communication gas
pipe. (17) or the outdoor gas pipe (9)). A suction pipe (6b) for the first non-inverter
compressor (2B) is cénnected via the third four-way selector valve (3C) to be
described later to the suction pipe (6a) for the inverter compressor (2A) and the
20  suction pipe (6¢) for the second non-inverter compressor (2C).
Specifically, connected to the suction pipe (6a) for the inverter compressor
(2A) is a branch pipe (6d), and connected to the suction pipe (6¢) for the second
non-inverter compressor (2C) is a branch pipe (6e). The branch pipe (6d) from the

suction pipe (6a) for the inverter compressor (2A) is connected via the check valve

25  (7) to a first port (P1) for the third four-way selector valve (3C). The suction pipe



heat exchanger (45). The freezing heat exchanger (51) is, e.g,, a

fi n-and-tube heat |IS exchanger of cross-fin type. A freezing fan (58)
serving as a cooling fan is disposed in_the vicinity of the freezing heat
exchanger (51). A bypass pipe (59) havﬂ%g t he check valve (7) is connected
bet ween the connecting gas pipe (54) at the suction side of the booster
conpressor (53) and the downstream side of the check valve (7) on the

branch gas pipe (16) at the discharge 2 i.de of the booster c sor
(53) - ThaObY BEIY B MUY erier COMPIaPEEPIDS SRS Y840 eP R PEOJRRLIO
conpressor (53) to enable flowng of a refrigerant when the booster,

conpr essdhe (58J four-wap ppestaerdue 86 The bugncd PIRTAPR) TGP MRS AHEN TiRE
refrigerant circuit (1E) is provided with various sensors and sw tches. 25
The hi gh-(6epsauhe sgasndnpe-if8yrtemedngressardd6d) ingpnngated viasthsraheickedlvei th a
19 high-pressure sensor (61) serving as pressure detection nmeans for

det ecti nq73tdh 8ird pyR!(PBRfdritBe Rt fdur asssete@btlvalve (3CH aF gehdrp cqareatadr e
sensor (62?1 serving as tenperature detection nmeans for detecting a

hi gh- presgur fid ki F-Svay 1436 b SEIE isRSraren piper(28
secong ngt?l)%t%\l}g@t@rrg@zﬁp%égsor?I?Z%)H isaypr ovided 5 %ﬁsa Ji sch%lrpgé A
tenperature sensor (63) S inn e r t I S

det et ngram e specele dZpb et die B 1L o BE RIA BERDCTRESheck o,
5b, 5c) for the inverter conpressor ) he first non-inwerter c ressor
(28) ahd \aeesResr e RERan pebift der o salY & PR I By I dec
wWth a pressure switch (64) which is opened when the high-level refrigerant
pressur e thisaclovs-veeyielettesselbefPfdd val ue. The suction pipes (6a, 6c¢) of
the inverter conpressor (2A) and the second non-inverter conpressor (20
are respectivel Thetlond deut-way selesterpradee (3€) sepenfignredso Bolp bepvitaleds
pressure detection neans for detecting a |lowlevel refrigerant pressure and

suct ij@n twurRRERtalfifst $e48 qkse {Hfe7solfB)insein thegfigsre) emperiab the filstt part i(Bh) 15
means for detecting a | owpressure refrigerant tenperature. The outdoor

heat exchgfigglin{dted witR Y sE&Mhdidrh (B2) s §RahirbgRkt @S)hANGSGnises avith (V)

serving as tenperature detection neans for detecting an evaporation

tenper at i @LrIRAPIBR AN \EIMRF ALY GeuhiobrokEn AnCels ienghie) LemmeLIRl U e

in the ou anger e outdoor unit is provided with

an outsi d&giﬁr&&%*@ﬁﬁﬁ%{gﬁ{rﬁ%@ﬁﬁg%{h ﬁhéoﬁouftE;%JrP%QSaM%E ol Soxqgﬁff't ion

means for alr enper a I ndoor eat” exchanger

(41) is provided with, an, indoor he exchanger sensor (71) serving as
t enper at u?@na’é*ﬂ‘é@ﬁ?%)wltiégﬁég?grpoﬂtea}ééti ng an evaporation

15 The discharge pipes (5a, 5b, Sc), the high-pressure gas pipe (8) and the
outdoor gas pipe (9) constitute a high-pressure gas line (1L) at the time of
air-cooling operation. The discharge pipes (5a, 5b, Sc), the high-pressure gas pipe
(8) and the communication gas pipe (17) constitute a high-pressure gas line (1N) at
the time of air-heating operation. The low-pressure gas pipe (15) and the suction

20  pipes (6a, 6b) for the compression mechanism (2D) for the first channel constitute a
first low-pressure gas line (IM). The communication gas pipe (17) and the suction
pipe (6¢) for the compression mechanism (2E) for the second channel constitute a
low-pressure gas line (1N) at the time of the air-cooling operation. The outdoor gas
pipe (9) and the suction pipe (6¢) constitute a low-pressure gas line (1L) at the time

25  of the air-heating operation. The communication gas pipe (17) is switched to be



tenperature or condensation tenperature which is a refrigerant tenperature
inh the 25 indoor heat exchanger (41). Further, a gas tenperature sensor
(72) serving as 20 tenperature detecHion nmeans for detecting a gas
refrigerant tenperature is provided at fhe gas side of the indoor heat
exchanger (41). Moreover, the indoor unit (1B) is provided with a room
tenperature sensor (73) serving .as tenperature detection neans for

detecting. i ndoor air. tenperature. 5 A cqld-staor e sor
(74 ser iag-paessgnper line PE U Lt enntieciia i+ JerufEf o R EREHbHACHIRE o

Wi thin col d-storage showcases i s provi deij in the col d-storage ugi.t 10. A
freezi ng Thaoor-aressuresgarsipe (¥5) isdwayny [Qu-nressyes g2ulne WOeR e8NS f or
detecting a tenperature within freezing showases is provided in the

freezi ng flows ti{ekBihroTple regacdlssy ef thei endiatiemm) sttiesh i s opened when the 10
pressure of a discharged refrigerant reaches a predeterm ned value is

provi ded at theTkl sehangécasioteliqfidtfipe ibDs tiee cornmpmésrsion ga53)ipe CUT)pand
signals fromvarious sensors and switches are inputted to a controller

(80) . sThige¢oRtERLdiRE gﬁ@?ﬂpei(sspmfeix%ﬂd@d o%6si 86 fron thenutddortunét (Ap9r Stopn of
the refrigerant circurt (I'E) and to performcontrol by sw tching eight

Ki nds of &g?éstape(ﬁﬁr%}rg?ﬁi%ﬁ wRhEdEAREbOeEhik 71 &Y 158T£QO%9P68951|1&'E0 c8Eh

control s, operation, start, stop and capacity control for
the inverter conpressor (2A), start and stop for the first non-inverter
conpr esso?'PE2B) and the second non-inverter conpressor (2C) and opening

adj ustnment for the outdoor expansj.on_.valve (.26). and t he | ndoor expansi on
val ve (42). Furfpepxiliasy liggid Pine @ﬁ?{g@ayp&péggb@q T%F%rém‘éﬁf’ﬂ@e‘g?gﬁe 20
four-way sel ector valves (3A 3B, 3C), open/close operation for t,h?

sol enoi d thalligdd PEvo(1BVIA refyergylowym thoapxiliary heuiginipe 623 By at

(31~, 31b) and the oil-1level equalizing pipes (32, 33, 34, 35) and opening
adj ustorentheftime tdfaichentingonThe expiisy drquihpipe (229)s provided witduardowtdoett i on
pi pe (27). <Conmunication Pipes> 21 One conmunication liquid pipe (11) is
provi ded @tpanbRnexillveof26) hervibg doin erpansidMmechanisin.quile theavksvdloe (The
first channel side circuit for cold-storage/freezing and the second channel

e 1 USSR ok ALsBESa s tbmsnepasTweat o
o orh P R AE B o gposn panehs i et
PO o0 ol L 8 e PSRRI BF e S AR RO,
to COInSt aCEhei rte'ceiere]r ?{g)ngnnﬂlrg ltlc?L 1d pr{gé ?{df" (12) serving as
The liquid pipe (10) is branched between the check valve (7) and the
receiver (14) (into a branch liquid pipe (36)). The branch liquid pipe (36) is
comll-e‘cted between the stop valve (20) and the check valve (7) to be described later
on the liquid pipe (10). The branch liquid pipe (36) is provided with the check valve
20 (7) allowing a refrigerant flow from a connecting point with the liquid pipe (10)
toward the receiver (14).
The liquid pipe (10) is provided with the check valve (7) between a
connecting point with the auxiliary liquid pipe (25) and the stop valve (20). This

check valve (7) allows only a refrigerant flow from the receiver (14) toward the stop

25  valve (20).



10 a heat transfer material is wound around the conmuni cation |iquid pipe
(11) and the | ow pressure gas pipe (15), so that these two conmuni cation

pi pes (11, 15) are surrounded by the h? t transfer material (12). The
contacted portion of the conmuni.cation gipes (11, 15) constitutes a heat
exchanger in which a liquid refrigerant heat-exchanges with a | ow pressure
gas refrigerant. 15 In accordance with the refrigerating apparatus (1), the

outdoor unit (1A), the.indoor, unit. (1B). the | d-storage,unit. (10). and t he
freezing unit (ﬁ%}ﬂua‘r @JF@&%BW\/‘J&W% ﬁé‘?’hﬁcfeéidgaﬁ?gﬂ,t ?ﬁgxﬂljlﬁ‘” i‘qﬁjfag?”p%& 1G,
1D) are connected together by three communicatjon pipes (11, 15 173 and
the stop (28) ved thelpw-aressersetascpipad 18)-r d8eliduidinjestiqngRipg (27} nprgyided
circulated in the refrigerant circuit (IE). In accordance 20 with the

refri ger atitingn aparcaticiexgansjon vedve §29). ghrzanvent pipai(28) isEpnheeted detweenf i r st
channel for cold-storage/freezing and a second channel for

ai r - condithé @ppBg poNMEET BiR) Assiver {e4) andnihé dischargel pigei(8a)ptqrethelinyeriter
common to the respective channels. Consequently, work for connecting pipes

can bg eagj er%rrr(:Zﬂq.oqth_e?dsc%maﬁigg (tzz@) tiberevded tvidh t66NIReBk Galveo(7) i quid
pi pes are separately ‘provided for the 25 respective channel s. 22

-- Operat i g ngé;qqlg)%gfegeiggﬁﬁbgﬁw ?{o'ﬁ?(ghé)yec]tenﬁer?(lig)’?d\g Ctrhiebcﬁgcl{aﬁéé EISHS%" ating

appar at us cri respectively. N accordance Wt

enbodinment_, it is configured S tq be c le of.setting. ej. i nds of
oper at i orfSAbdess §§S‘fr ng%j\g‘?v%%gf)}(f?’ﬁ%cgme Fﬁ?‘? fl?%mctgr%f%agsu\?%é ﬁégpggﬁt% be
capabl e of perfaormng ~l air-cooli operatiion of perfornn |y
ai r - cool iGagnestedrie the dowith @ﬁrtt(Pc‘iB;fl,%hez If @éﬁr‘ﬁ@y 6%&%2{ ivghre%é%ﬁm y

e

perform ng cooling in the cold-stora unit (1C) and the freezing unit
(1D), ~3 first Anpilcophiatey (30 éy prayidgsertahr bistoprespyng aas wirfuely ¢ ni ng
air-cooling in the indoor unit (1B) and cooling in the col d-storage unit
(10 1@and ¢fhen dib rétueepipeg3ahis cqnhByted toabend saparatwdBDhglhe ether egd opéheat i on
performed when an air-cooling ability of the indoor unit (1B) is

I nsuf fi ci GNtre@in tpife (3NBisHrahiged intsta Aist-totungpipee@1apgnopesaovhomil ~5
air-heating operation of performng only air-heating in the indoor unit
(1B), fi hibe ) NGhLE 1REZbi ] fis PRIVIGSIWRA AidleRsiatvalge i n
the i ndoo{e%%rrlllﬁ%lbfrllg?maingh%gﬁﬁlgg?ﬁpfﬁ?écgig?si gr avgjde)@r unit 15 (1C) and the

freezing '@rén(%%s,c%;j?é‘ct%%&a HEARNRE Yo 99;??&%;2%%1%tsu‘dﬁ%ﬂ%\il\ﬁﬁc?ﬁsa?‘f&tdoor

heat exchang second ai r=heat’i ng operation excessi ve

air-heating .abilit er f or ngd, wh an_ air-.heating. abi.li . L.asdoor
ni (16 s RS FRRBRSoR e T Paraesri oL FRLPLRIR A1k Plogh P e
operation and _ third aj r-h?ergiji,ng/freezi ng peration wt 'bnt?)ufgi ci ent

ai r - hoat i sRjendid| valye Jey¥br iguronnegied HE ey SUFLaN Pip et ity t8F ALY ndoor
unit (1B) is insufficient during the first air-heating/freezing operation.
The respenti-inyestsrcampassoni(RC)be described specifically. <Air-Cooling
Qperation> The air-cooling operation is an operation of performng only
air-cooling in Afitdheil-fdedbrqualizing Ifpe (A2) isheonrentedobetmeen ghe -doow (ail
operation, as shown in Fig. 2, the 23 inverter conpressor (2A)

consti t ut gsolh hef ElITAGESr0BomPediant KPA) 2 flor sadtéorf pipest(6bhaonehe famsd t he
first non-inverter conpressor (2B) and the second non-inverter conpressor
(20) conspifyffertdteonPrRERITLBY AREaNd %mléaﬁ)ecfu@rizingq)igeqmﬂs(&hﬂméd Only
the first non-inverter conpressor (2B) and the second non-inverter 5
conpr&sso i i.Qr { ) : el
e R vehetvEEhShE dbiAg STIRERES HoATaTER LA ek BYnd I SRAPRRICITS

sel ector ¥oar|t g sgg(')agd non-inverter compressor (2C). A third oil-level equalizing pipe (34)

is connected between the dome of the second non-inverter compressor (2C) and the
suction pipe (6a) for the inverter compressor (2A). The first oil-level equalizing
pipe (32), the second oil-level equalizing pipe (33) and the third oil-level equalizing

25 pipe (34) are respectively provided with solenoid valves (SV1, SV2, SV3) as



and the second four-way selector valve (3B) are switched to be in the first
state. The third four-way sel ector valve (3C) is switched to be in the
second state. Further, the 10 outdoor expansion valve (26), the electronic
expansi on val ve (29) of the liquid |njéét|on pi pe (27), the solenoid valve
("7ra) in the cold-storage unit (1C) and the solenoid valve (7b) in the
freezing unit (1D) are closed. Under this state a refrigerant discharged
fromthe fir non-i nverter _conpres and the . second non-inyerter
conpress&pep%@sertnsagamfra?nt & SPFQ OIiégY (FIUHRG NG ARG ltgrwheéwto

t hrough the outdoor gas pipe (9) into the outdoor heat exchanger (4) and is
condensed favettepil-leThleequahiders atpd (3fiketween thredame dfl thasfiish nondny érger d
pipe (10). Further, the liquid refrigerant flows through the receiver (14),
t he conmuoingat sson (12B0|uhdittpsi e fdid val e 62c drict fouatthadil-peved eqidl ing@pohet he

i ndoor expansion valve (42) into the indoor heat exchanger (41) and then is

evapor at gd5) Z0prbved vRaraadstendas ales (S sy &t jold oM sutadh e @anroniteat i on
gas pipe (17) through the first four-way sel ector valve (3A) and the second

four-way 58] 8648F S\g@} £3B) into the suction pipe (6¢c) for the second
non-i nverter coﬂpress (2C) A part of the | ow pressure gas refrigerant
returns tg the nd non-inverter conpressor (2C). The renai nder thereof
flows fro gﬂ% @ﬁbt?i on pi pe (6¢) for the second non-inverter 25 conpressor

(2C) into the hranc .. Then, the remainin fri e,ant, 24
returns througﬁr}’cen@‘ B it Gy B‘@él@c‘t“éP% PHicoR FEETO(AHES T Figping
non-inverter conpressor (2B). By the refrigerant repeating such

ci rcul at ihsat exshangsn) (4 seryinErhsaans ppplécationpsde deneeaxchanger andiag indoor
operational state, start and stop for the first non-inverter 5 conpressor
(2B) and expensien oty (@A) serweng gy arcerppnessoneqha@ysnantihe pas vgenf thy indoarhe

i ndoor expansion valve (42) are controlled depending on an air-cooling |oad
wi t hilo t heastkeréieangenl($1pizecainetied wothpreesnnusicifitn gdCpipmylHe Dipelighild.
<Freezing Operation> The freezing operation is an operation of performng

only coolgifgof the iAodP hest @kc%@gaes?fgglyms Eokrldeledd thB8ndddikpRflsidRivhlvelD) -

~During the freezing operation hown in Fig. 3, the inverter conpressor

(2A) and I r b Ssi on
rechant siighis M ReoRR BribhlibE (1 FOTRORERY odrlnfeaGh LIgtha plo( it
conpresso 2 ons i tut the co e55|o he second
channer . ARS e 3 a't%eﬁﬁ?&ls*otg(% e {‘“ﬁg‘?teﬁfs’ﬁws% i bbalgaBe
conpresso conpr essi on chani s, or the, first channel are
driven a 5%@%&3&&25 é?ﬁ’fb%%%é? appHgatiqn- é‘ig]&(a*z r‘tt}bﬁl?os fn theevicidly
non-inverter conpressor (2C) is stopped. As shown by the solid lines in
Fig. 18, ttheindaosthepbenchapgers@ildctbe lrtﬂmv@xwmoraﬁdwﬁ@)gééeﬁﬂgwdrbymy

sel ector valve (3B) are switched to be in the first state, and 20 the third
f our - way ededtegtniorexpansien (/88)k.i s al so switched to be in the first state. The
sol enoid valve (7a) of the cold-storage unit (1C) and the sol enoid val ve
(7b) of tdeoldr@zagrgUuitrt (1D) are opened, while the outdoor expansion

val ve (26) and the indoor expansion valve (42) are closed. The openi ng of

the el ectroni c ErPBORI-00raR WRit(AQV) Alclidi® 4 W -dtdrake hehOBxdHaRBel €43) i S
adj usted to a predeternmined value so as to enable 25 a liquid refri gerant

flow wit 'Egﬁtﬂg%g%t&)ro g%a{ LW ah E eva;g@x?t&?‘qgéi acBlg Iglt%tr% anbighVafigy ant

di schar ge mthe i nverter co non-i nverter
CONpr,@ssq fromthe fi rst f ur. S Ie t vaI hrough
t he o(ét do4r6$gal)vuﬁﬁ (‘)‘Wsa(‘ge)"f’ nt'et "He(:han oorT vvaly aﬁ%te OY@ «gl éfh@?‘;‘
condensed t her ei The conde sed |i ant fl t hrough t he
liquid pis¥ e&sﬁrr} this °1°é188‘?t\9 ww(wlgaﬁﬁ\t 25 @gﬁrﬁﬂﬁttfatq?@%t?rﬁaw %St%l (11)
into the first branch pipe (11a). Then, a part of the condensed Ii
refriger a¥ve I($Gste rﬁh%lﬁgﬁ breach qlipe {1 bh)agh ths sameumicatian, Hqpisepipent )t he

col d-storage heat exchanger (45) and then is evaporated therein. The other
part of tNMemkiyyuhe cokifstogegeaanpahbioni vadve (d&)hmdcthersolenoad valvel (7 ousatvilg

as an open/close valve are provided at the upstream side of the cold-storage heat

25 exchanger (45). The solenoid valve (7a) is used to stop a refrigerant flow at the time



15 20 pipe (11) flows through the branch liquid pipe (13) and the freezing
expansion valve (52) into the freezing heat exchanger (51) and then is
evaporated therein. The gas refri geranﬁ7evaporat ed in the freezing heat
exchanger (51) is sucked by the booster ' conpressor (53), conpressed thereat
and then discharged into the branch gas pipe (16). The gas refrigerant
evaporated by the col d-storage heat exchanger (45) joins the gas
refrigerant discharged fromt boost.er ressor essure
gas. pi pe R EsshermREd Goatl st Fe bRt S ot tr el iR Hiat Breb e TSP s
conpressor (2A) and the first non-i,nver%er conpressor (2B). By the

refri geramrlnﬁ@tpéé@ith@I%ﬁeﬁﬁpf%%%ﬂp&ﬂ kol d- st orage showcases and freezing
showcases are cool ed. The refrigerant pressure of the freezing, heat
exchanger (51) Tie dodmtonagaheatrmctch@nﬁgetrr(ésbmramynmaa@ewuﬁ@aheSés@g arvéfts of 45)
because the refrigerant is sucked by the booster conpressor (53). As a
resul t, tiRe coafpregesantecheniper @D for (e dipstr cttanoel. t Ehperdoourhept exchanhger
freezi ng heat exchanger (51) is, e.g., -35C, and the refrigerant

t enpersat Ltrét‘i) CEMARRY &tk OWitha AP Sl AldH flle bPtHe WRecomd fosinrerpe chemresrc(eger
(45) is, 25°e.g., -10C 26 During the freezing operation, start and stop

Lg;t '; QF ;d.ol{rﬁ{%ﬂloenéiir-@é%iihgro(P(é%‘EPJrﬁs%Ofefﬁpi\%@an@'fbges%ﬁ&r {evapb@RiodsteSRRACHE ¥

| f e 1 nverter-conpressor (2 are perforned dependi ng on, e.g.,
i LP - :
and the dBEraIS-SIPrPES BertrSeheteeadner i g b e Epl SOV RESH Reg? €RSRgHES)

control for increasing the capacity of the conpression,mechanism (2D), the
i nverter (é‘dhpré%é}o’res(lgAﬁ refrighTade AYIRATAEOR H‘é‘nggrraé‘fren%ﬂ‘ien?fggf%ﬁ’ra@éﬁﬁ%‘%ssor
(2B) is stopped. Wien the inverter conpressor (2A) reaches its maxinum
capaci ty excihanpen(45)l isad.g s- €t had thecefsiaesint quaRoratios: temper ik Pf the
conpressor (2B) is driven 10 and the capacity of the inverter conpressor
(2A) i rigdueeteitoerichangemidtiiis,capacist. Theerefrgersaticireuie¢bh) slunethegs 2

i ncreased, the capacity of the inverter conpressor (2A) is increased while
the firstcpant FWVesFeImiagreveapsaoion(a? Biffeenacémyatades.For the control for
reduci ng the capacity of the conpressor, the operation opposite to the

control for inCTF@EBWstBP@geC%%ﬁiiBM vabvC@I6) i £ t@peratiheAesifive@xpinsion
superheat control utilizing a tenperature sensing bulb is performed for the
openi ng of ithe col st j $5)heAn &8 of [1RSZI1BG Gspansi on
val ve (52Y*?1V"rﬁ1“§ ‘*‘.%‘@"g@ﬂg‘g?%ﬁ%g{‘@ﬁst elyrfﬁg(l(ll OW Nng ospergti ons. V\henga
refrigerant is circul din the refriggrant,.ci it (1LE): duri :
freezing g?i’ér g H,gera?%g)qui € 8?‘?’]‘5&(5{% i F%l\gn"sﬁélcﬁ i ?’%gﬁélgmzﬂpga(%‘?gr{s
liquid pipe 20 (11) heat-exchanges with a | owpressure gas refrigeran
flowhy i adivsied reasts ffen bf‘gglg&‘iaaét?f&%‘jraﬁﬁa aFHl?se’ﬁ"sS‘QgBEF%eo%‘flgg’?‘“ﬁé% this
reason, the difference in enthal py between refrigerants in thg col d-ﬁtorage
heat exchheajesxchasgeradd): feher saldAtongspdant exdnarectdy59) e 8s 3 Bpged-han
that of the case that supercooling is not performed. As a result, high

ref ri ger aheatgexahahgdnoficsosdfin bypedA col@Btorhge fagddd serving et pealingpfandsgas
refrigerant at the suction side becones | arge because it heat-exchanges
with the Hispeked nefie getmet of iHeecojdstorage hgaraxchanger (45).

<Freezing Unit>

20 The freezing unit (1D) includes a freezing heat exchanger (51) serving as a
cooling heat exchanger, a freezing expansion valve (52) serving as an expansion
mechanism and a booster compressor (53) serving as a freezing compressor.
Connected to thelliquid side of the freezing heat exchanger (51) is a branch liquid
pipe (13) branched from the first branch pipe (11a) of the communication liquid pipe

25  (11) via a solenoid valve (7b) and the freezing expansion valve (52).



mxed with the liquid refrigerant fromthe liquid injection pipe (27) and
thus it is possible to prevent the degree of superheat of the gas
refrigerant frombecomng 5 significantly large in the conpression

mechani sm (2D). <First Air-Cooling/Freezing Operation> This first
air-cooling/freezing operation is an operation of sinmultaneously perform ng
air-cooling in the indoor unit (1B) and cooling in the col d-storage unit
(10 and the freezing.uni . Duri t Wy i - gk i g
operation, as 1 esg’f‘&\%hél‘? ﬂ%ﬁ\%&g%‘ng h%ﬂiger’f&g?? érr (é(i)%%ré)ggg&e?gg)tﬁ%%?itoﬁe
first non-inverter conpressor (2B) constitute the.co ess|on chani sm
(2D) for su¢fe0ﬁtihp@pOétwaﬁﬁ@n),resaﬁﬂ(ﬁ@Yée%‘ﬁac%g?srR}BF ZE‘{) d%hiﬁ“&ge%ﬁ P{PSo)
constitutes the conpression nechani sm (2E) for the second channel. The

i nverter (26npransbed fro2tyhe lohepressure gas pinentls) issonnsrisddedhe disoharagsifie he
second non-inverter conpressor (2C) are driven, and the 15 booster

conpr essqif th&8hoéter 8dbmpPredsbvEs3). Ahe dhanuh dug fipe(1Qlis prdvidekwith the gheck, t he
first four-way selector valve (3A), the second four-way sel ector valve (3B)

and tRe tdlilvféjrf o4 X‘@)bilss%b(@ﬁltt&r (38! V& 63Gkuah SisMIDNE idDa Repillary hebe i r st

state. The solenoid valve (7a) 1n'the cold-storage unit (1C) and the

sol enoi d ve (70) . i I ' [ Hened d phhe(s49.

out door eé%ilhssf%nnnez?g%d\?be&?%gg‘ t?egglcll%gg%%wrﬁé%ggweng of tﬂ%%leal gc@fgn?c
expansi on valve_ (29) on the |liquid.{njection pi ' | st as to
supply a pr ede?@?%‘?‘%@&erf‘iodwrreﬁﬁ 2 (g?j F+‘aﬂ{e(§serse%eiq§§§é§% bygwtg%léé@u@?? g}% si de
of the conpression nmechanism (2D). Upder this state, refrigerants .

di schar ge@mpr@ﬁslpn@quh@em?21§)ofﬁﬁﬂé‘sgw charpyel so that e ffe?’il%‘ifgﬂbﬁvﬁipr‘?\f/’é}‘%"er
conpressor (2B) and the second non-inverter conpressor §ZC 28 {"oi n at
the hi gh-tempesatnes gfthefi qeaingsheat Thehangeu(T1ans Iqwariben thet of dercaid-staras from
the first four-way selector valve (3A) through the outdoor gas pipe (9)

i Nt o fche iuat daokadpeat(46)cMaegefridefint evapordtemm fesnprostden o€ the freezing hethe
condensed refrigerant flows through the liquid pipe (10) and the receiver

(14), andeﬁcmgﬂgmtsqt)tm@et%rﬁwrei.%arzisec.5 liquid pipe (11). A part of the
liquid refrigeran | ow ng in the communication liquid pipe (11) is

branched into tt}ge qfn%gn% R ARG rPin?vel( {.éi)% %I%nﬁfe@ﬁﬁ@@edsit% dxpaisioger ant
i

flows through t or- expansion val ve ) into the indoor heat

g Yt g LS s SHRRCEAL Y A dIBEd B b SYAPBF fHekbI8ARage

refrigeraY1 romthe nication gas pi through the first
four-way selector valve (3A) and.th econd fouygsway sel egtor v B)
nto the BaEoRRmad Ik e sring hedrscnpas I LY 536 § Bilngflnthenll)
to the second non-jnverter conmpressqr (20)...The . other rt of the liquid
ref ri ber aschrnags lgcroas-fingtyes: PeZang gar{‘ qudﬁf:ﬂ’“ﬂﬁ’ AR (:%?l)mg ga"bltsglﬁstﬂ‘i’égéji nt o
the first branch pi peﬁ&ék). A part of the branched liquid 15 refrigerant
f1 ows t hrougie tibimityobfithstfoeerins beaarshameafdS¥k (46) into the col d-storage

A bypass pipe (59) having the check valve (7) is connected between the
connecting gas pipe (54) at the suction side of the boost.er compressor (53) and the
downstream side of the check valve (7) on the branch gas pipe (16) at the discharge

20 side of the booster compressor (53). The bypass pipe (59) is configured so as to
bypass the booster compressor (53) to enable flowing of a refrigerant when the
booster compressor (53) is stopped because of failures.

<Control Channel>

The refrigerant circuit (1E) is provided with various sensors and switches.

25 The high-pressure gas pipe (8) in the outdoor unit (1A) is provided with a



heat exchanger (45) and then is evaporated therein. The other part of the
liquid refrigerant flowng in the first branch pipe (11:i) flows through
the branch liquid pipe (13) and the fr?gzing expansi on val ve (52) into the
freezing heat exchanger (51) and then IS evaporated therein. The gas
refrigerant evaporated by the freezing heat 20 exchanger (51) is sucked by
t he booster conpressor (53), conpressed therein and then discharged into

the b h ' 16) . ' t by, .t :

col o- st o PReBLRE e R 1D 1T el Bh P ERRRDASYARR Mo o, dpctine g ¢ oy
t he boost 53) at the | [ d th

|01 ned. oduEbrgenaRratbpRirei s haRoGR BrReRBroLenet (68 SBkmgE ¢ ne

first non-inverter conpressor (2B). 29 By the refrigerant repeating such
ci rcul at itempemiturecdeseethon wieahs fomdeseetieg p JglkPresHEreArigeiank $PREAISEs of
col d- storage showcases and freezing showases are cool ed. The behavi or of
refri ger arfe dischmget fipe f(iSe) foraitte- moohd mphfingerengompesaci (CHiswpidvidyesl
descri bed based on a Mollier chart shown in Fig. 5. Firstly, a refrigerant
i's corpregRRd dihdrieMpetatiye Eé}ﬁoﬁﬁﬁgﬂﬁnﬂﬁ ab PIBpdrafurc doRcHss leanRr A
refrigerant is conpressed to a point by the inverter conpressor (2A) and

the first -] e r 28 erhd i aDBbNE
oins ¢ nelF e Bl b o BRI h R LS T BB AR Hipe TP eb e
condensed, 10, into poi nt CI1. refrd ger ant. h i

heat - exc%ﬁﬁdgg IW"trﬁeraccﬁngers@?rr E@aﬁ ﬁslgg gg'lpﬁ%rg)&t ﬁ%IH?}r?\ggeorrtcéer)c%r}gppéessor
(2A) and the first,  non-inverter conpressor éZB) 0 as 1.0, be. }1” a

super cool ¥§ORd Aroa-inyETtst compressos (3saisr espeettyely mroyided niithed Pressiiie at
the point C2 is reduced to a point D by the indoor expansion valve (42).

Thi s ref revgieshaif64) svheeiapoopened avhenethy, highsievek refrigesant Kirgssune deades second
non-inverter conpressor (2C) at a point E. The pressure of a part of the
ref rilger apredetermheedpedlne. C2 is reduced to a point F by the col d-storage
expansion valve (4G . This refrigerant is evaporated at, e.g., -10C and its

state i s changerhd sudidiopipes @a,BeQasSthednpatér afmpriessarefAi)gardaht satotde
point C2 is sucked by the booster 20 conpressor (53), the pressure of this

refriger aﬁﬁn—irﬁle?féﬁl%ﬁs)&&o@‘ (Eg‘.) ke %%ﬁcﬁ@g?’r@@?dieﬂgwi@l"W@\ﬂ%ﬁr@i‘su\@kéﬁﬁko(@z) :

This refrigerant 1s evaporated at, e.g., C and sucked by the booster

. [ , ' t b b
Che. boost > AlPhuBenS ayurs Hefeci Ry’ hEFICRE A TTONOLS) RPaty O

e ox o e e sgdon bhpehdl? hsb6778Y 180Ing & ARTerALK 8868 ' o

15 means for detecting a low-pressure refrigerant temperature.

The outdoor heat exchanger (4) is provided with an outdoor heat exchanger
sensor (69) serving as temperature detection means for detecting an evaporation
temperature or condensation temperature which is a refrigerant temperature in the
outdoor heat exchanger (4). The outdoor unit (1A) is provided with an outside air

20 temperature sensor (70) serving as temperature detection means for detecting an
outdoor air temperature.

The indoor heat exchanger (41) is provided with an indoor heat exchanger
sensor (71) serving as temperature detection means for detecting an evaporation
temperature or condensation temperature which is a refrigerant temperature in the

25 indoor heat exchanger (41). Further, a gas temperature sensor (72) serving as



The gas refrigerant at the point G heat-exchanges with the |liquid
refrigerant at the point Cl and is superheated to a point K The liquid
refrigerant i's supercooled to the poi n& C2. The state of the gas
refrigerant is changed to a point M by Rixi ng this gas refrigerant with a
refrigerant obtained by reducing the pressure of a part of 5 the liquid
refrigerant at the point ClL to a point L by the electronic expansion valve

(29) (by performng liguid injecti : Ik ger ant
is suc ke&gwefaﬁ'érq %Vg?t?oé} mé%?({) oersdseg?étknfi\%] g%lstn%?{]ﬁgeaﬁ i Eeﬁﬁgﬁgﬁq |£ h{/ rotvlie(%%
conpressor (2B). As descriped, above, the rigerant i.n the refri ant
circuit @tthe gas gdgdths mpogr hgpt ‘F’@;héﬂgert@ﬁré'e:wg‘irﬁi)‘é%“ B 1n BOEB%r(ggifson
mechani sm (2D) for the 10 first channel and the conpressi on mechani sm ( 2E)
for the gwowidgdcwithnelroomutamparaturpesensdt (THor $iVingsat tePPUatEg IRfe¢iRR st eps
by the booster conpressor (53) and thus has three kinds of evaporation

t enper at ynégns fohletdchimgraf inidger airttemperitureul at ed during the first
air-cooling/freezing operation, a liquid refrigerant flowng in the

commugi cation |4 _CBd)ildi-_sf:BrB%e (tééber%%ﬂéeﬁns6ﬁqmgﬁ$ir?i b4 témperatyreedabdtorgas
refrigerant flowing in the | ow pressure gas pipe (15) and thus is

super Coo!rﬁgansF%E dtemc%ingeﬁ%%er“ﬁﬁe difni S LERCaDrdde SBWRALYIsProviabaiigeReant s

4
in the air-conditionin at” exchanger (41), 'fhe col d- st orage heat
exchanger 5) and the . fteezi h r ose
of the caqsf’gél'ts %{ngﬁlﬂgrgg}ri‘ﬁgfp%s?”?é{en@é&?@?‘?}gé}&ﬁ»%ﬂe@giﬁtgel{?fr{qpﬁmuw
refrigerating, ability is 20 exhibited. The gas refrigerant at.the suction
Side s rSteRian MRAEHEN IGEPENT BRPRBTAIE WIDRCF PIARE ROV THE & PRI on
and thus the degree of superheat of the refrigerant cannot be excessively
| ar ge i n inhehectmpriogsimh (pPdceThe pesisvomawaich- (64dIWhigh As caneingg Wiy 28 on>
31 The second air-cooling/freezing operation is an operation perfornmed when
t he aior - qneksurg odhididdhyrgdd telfiegémdbrached 4 pletiB)er mémashwrdue mspriolidsidenithedur i ng
the first air-cooling/freezing operation and in which the first

non- i nverdigéhﬁ%mgrd%s@ﬂxme(b%%)stejrScom/p'ré@be@ﬁ)o the air-conditioning side,
Settings for the second air-cooling/freezing 5 operation are basically the

same as in the GiipHt s@ink RO VAGIohiE 86430182 RPSK AL AR r@snpftRMNo latohtrlle .
Nevert hel ess, the second air-cooling/freezing operation is different from

the fir Stﬂlsg-;),\r/é‘i‘?% icgglrgflgr.e%hﬁggfpggﬁggh%ﬁ %ﬁeatshﬂ)t chifeol bid gp{e%‘t‘iroh"‘@f’ the

sel ect or C) Is swtc second state. accordance

with the second air-cooling/freezi.ng operat,on,. in.the.firs (O

At coot imanERss ppT o oLERAPD IS B PREERLA i Bk il Sinds Sl ot iR 1 o0
conpressor (2A), the first non-inverter conpressor (2B) and the second
non- ilﬁ;\/erm@ée% ¢ dgagibedoleser; sThe rrptrlley (ir;{ﬁ) ERRLrRSe ﬁlto%‘re tHRG O OREANGer (4)
and then is evaporated in the indoor heat exchanger (41), the col d-storage
heat exchstatestopssid eapacithiecontiob fomthenayertanedapgssor(34), start and stop for

the first non-inverter compressor (2B) and the second non-inverter compressor (2C)
and opening adjustment for the outdoor expansion valve (26) and the indoor
expahsion valve (42). Further, the controller (80) also performs switching of the

20 four-way selector valves (3A, 3B, 3C), open/close operation for the solenoid valves
(SV0, SV1, SV2, SV3, SV4, SV5) of the oil return pipes (31a, 31b) and the oil-level
equalizing pipes (32, 33, 34, 35) and opening adjustment for the electronic
expansion valve (29) of the liquid injection pipe (27).

<Communication Pipes>



15 The refrigerant evaporated in the indoor heat exchanger (41) returns to
the first non-inverter conpressor (2B) and the second non-inverter
conpressor (2C). The refrigerant evapozgt ed in the col d-storage heat
exchanger (45) and the freezing heat eXchanger (51) returns to the inverter
conpressor (2A). Because two conpressors (2B, 2C) are used at the
air-conditioning side, the lack of the 20 air-cooling ability is
conpensated. A _description. about .specific, sw i tral e
Firet o cool I feBuRg BRh Ly AP () R LI AR AR o PR R STE
operation will be omtted. In the second ajr.-cooling/freezing operation, an
i mpr ovenaikit Glﬁ)afﬁ"l"ﬂ‘QUQgH‘@fgobg‘eafiréBﬁkﬁﬁrﬁ@L%‘QeBycgﬁ %l‘r%cg&si’c?{gggﬁqeieamgd
refrigerant. 32 <Air-Heating Operatiagon> The air-heating operation is an
oper at i orandfthpseeandriannshisideasircuetar sigreppditioainghysonteginked (ints) thegne; he
time of the air-heating operation, as shown in Fig. 7, the inverter

conpr ess@on{i@édicanostiiquid @spd el )c ohtpr esmimomicasmmalngwich (ig®Y11)ors hraeckdadr st 5
channel, and the first non-inverter conpressor (2B) and the second

non-i Bverhgy tlfe%ﬂhh@ﬁ??ei 2@)a, damytfof dierdspecttwsTphaneiom rmecvishiigmof &) for
t he second channel . y the first non-inverter conpressor (2B) and the

second noag)bili@i{%ﬁ-%fdé:m Ppﬁ,qc’(l’zﬁ_ in the conpression nechanism (2E) for
n

t he seco channel are driven. 10 As shown by the solid |lines in Fig. 7,
the first four- sel ector. valy A1k S: SW i
state, the secoﬂ?‘f%ﬂ?‘%&%@gﬁfeu%é%\?gﬂggls(ﬁ)%\%ﬁ?gqgtﬁgte @ﬁgéﬂ? E)J%E-ﬁigsggt e

first state and the third four-way sel ector. valv 3 IS, swtched to be in
t he secorﬂi‘ss?1£ﬁe{.15$ heTEIMgcRE Gnfuct ?p%anssﬁﬁﬂ Pal eﬁféQC)?aBHat ﬁ’g‘el ?l&(iﬁltdtfor

i njection pipe (29, sol enoid valve (7.~) in the cold-stqrage unit (1C) and
the sol erasilérsierrge/ f1esz{men30 amtorqeataat dle AR gluminuny tapp materigl (ggéa'?fvaﬁe%ﬁ ngs
of the outdoor expansion valve (26) and the indoor expansion valve (42) are
cont ri0l | edhé¢a tpmefbetreaterinbd walndsroutd des camhimuinicasios, l1quid pine dd) and the

di scharged fromthe first non-inverter conpressor (2B) and the second

non- i nverfbQi-pfeRpireegaOpipe2@)5)f sowhaf riwaetthe tomsiuniationvpipes €l elB)y awal ve
(3A) through the conmunication gas pipe (17) into the 20 i ndoor heat

exchangerg nd@&db%ht%@ héatCRRAGRS aatehar E(im?._ Tirge CIMIRNEE D rtini 6F the
refrigerant flows through the comrunication liquid pipe (11) and the branch

1 duid p‘%ﬁn&ﬁﬁgfgit)ir%gg%ggs{@gei;/égle\l‘icéx(s}fz%sesTeh%at tdkehhddtyi & Gafich gerignld f1 ows

t hrough the ou on the auxiliary liquid pipe (25)
[nto the athdogr, heat CRaNCEt (Ao SPALLASRs AcfYaRRL oL ed therern. The
15 In accordance with the refrigerating apparatus (1), the outdoor unit (1A), the
indoor unit (1B), the cold-stérage unit (1C) and the freezing unit (1D) are
respectively installed. Then, the units (1A, 1B, 1C, 1D) are connected together by
three communication pipes (11, 15, 17) and the stop valves (20) are opened. As a
result, a refrigerant can be circulated in the refrigerant circuit (1E). In accordance
20  with the refrigerating apparatus (1), the refrigerant circuit (1E) includes a first
channel for cold-storage/freezing and a second channel for air-conditioning.
Nevertheless, the communication liquid pipe (11) is common to the respective
channels. Consequently, work for connecting pipes can be easily carried out as

compared to the case that communication liquid pipes are separately provided for the

25  respective channels.



25 fromthe outdoor gas pipe (9) through the first four-way sel ector valve
(3A) and the 33 second four-way selector valve (3B) into the suction pipe
(6c) for the second non-inverter conpressor (20 . Finally, the evaporated
gas refrigerant returns to the first n6fi-i nverter conpressor (2B) and the
second non-inverter conpressor (2C). By repeating such circul ation,
air-heating within a store is perforned. 5 As in the air-cooling operation,
one of the_conpressors (2A, 2B) may be operated. <First

Ai 1 - Heat irngP®2E9%ing Operation> The first air-heating/freezing operation is
a heat recovery operation of performng ajr-heati in,the j.ndoor unit (1B)
and cool i ng i n' N¢w, eperationspaigerned lbyltge ("?E%Yef' F\%Prﬂ%g rFfré%eerth &quraFlhsD)

wi t hout using the outdoor heat exchanger (4). In accordance with the, first
ai r - heat i(ay/Wiledzi descoibed atespegtivedy s hgv\nﬂCWTdFile. vath this smbedisnte ¥npy essor
(2A) and the first non-inverter conpressor (2B) constitute the conpression
nmechani sdn2Rurédko beo b capabibafisetinganightt kieds ef operation-nadesrasdpllows.
conpressor (Z2C) constitutes the conpression nmechani sm ( 2E) é)(ir t he second
15 chann &1 IVRr ik o TREESBOhs (@ Ve bld&ffpersérmiag-Oneartsoling
corrprgssgépef?%%lg?eﬁdlﬁi%Oen angl&t he booste?ﬂ%SS) isp al so dgi ven. The second
non-inverter conp 2C) i o) . e 1@ lfrdpnd N
Fig 8, tIRSTHHon Jffggr%)rrﬁl%g oh@cﬁ}r &Rﬁﬂl&eﬁﬁé%gqmowﬂln (59, @

i T'st ar-way “se tor va Is switched to be in the

d state, .th df - sel. i
Four - way SurEtBPt PRy B g o RE FbGEe KPR T O e o

sol enoid valve (7 in the cold-storage unit, (1C) and.the solenoid valve
(7b) in tumt f(ﬂPézi g figfi @lr(CP@ln&?%e%'g&]@@,ef%}?& Pﬁe“%lta%"rusgwﬁhfgf%h“ al ve
(26) is closed. The opening of the el ectronic expansion valyve &59) on the
liquid i ndiecbbbing pi plee (pr vaitddB) aaf cealing imthsreddstoragauait(dfhend thgr der
to adjust the flow rate of a refrigerant. 34 Under this state, a

ref riger aftbeslhgahar geD)f @etdred iaiverdl g/ freeming operat{amAperdprme h avienr a1
non-inverter conpressor (2B) flows fromthe first four-way selector valve
(3A) thropghobligg CABMINLEahe ORd@RSuBit (¢ B 1F )insuifioidohentithe aome hfathe eashanger
(41) and then is condensed therein. The condensed liquid refrigerant flows
fromthe 5. ; b6ti64 103 t irthatihisr Sheltidnc bf pppdofriihg) daef ore

t he comm%lfggtgﬁgg/t?‘f%ﬂg% @%@“?’J{’l@ AQpart o? tEe l'i quid ?ef ri g]:eh?)ant(?ji
flowing in the.first bran [ ) @ nr - g
expansi ona’\yﬁe@gn§4@) tF%tIBSF%e ucgtl &i‘%ﬁor@agg egl'lt? %ggﬂgéfg%fﬁ%4%)p%gag@t Egn i's
evaporated therein. The other part of th iqui d refr.i geran i 10 in
the first P?frfﬁmwgp*}‘b:é‘-‘e'(‘tﬂ%l)m fh%@@ﬁﬂ‘&ﬁfgﬁﬁ)ﬁgﬂbﬁoﬁlgﬁ ‘P%ﬁﬁ%&‘dﬁyﬁgxﬁg‘}‘}and
the freezing expansion valve (52) into the freezi ng heat ethanﬁer (Bl) and
then 15 e(Hpopad ghe tiheszing unithELRhbY e hepigECaNEYe OBHAHAR SHIBOM Y WEPE P8R 21 ng
heat exchanger (51) is sucked hy the booster conpressor $_53),, conpr essed

t her eby anutddios bbatrayetangard4),H@ secand Bifghentinghseqzing opquatippvigfhexcessive
refrigerant evaporated in the col d-storage heat exchanger (45) joins the
gas refri gerianatingi adhiar pedofmatmhie ancusheatian ailisy obith¢ Beloogtunithd B) is

| ow- pressure gas pipe (15). The joined gas refrigerant returns to the
inverter geRENIASES at(iB8) timRdof hke ffidss taimbhentinpyfre¢zng cnprepatéss and (@B)thirdy t he
refrigerant repeating such circulation, air-heating within a store is

performed,; afid 55 opemtih withdnfificaae a20heimpcasitisy padofmedniheg
shomasesalar?g%}:%lgfferg%%ro?ng trrlle first air-heati ng?itgr:eeziﬁyng operation, a

cool i abi | it mount ..of h ey, ) st RsufiifasS tefiagetnenfitst( 1C)
and tﬂg f eef‘?yﬁﬁé%mgt a%’ilﬁ)y Pganﬂgl Qﬁggéﬁﬁqfﬁlgz B 1r-%eatliglr}\g al:}i ity (anmount
of heat conpdensed) for, the indoor unit (1B), so that 100% of heat is
r ecover ed 2T HeA NG/ SIREAIAE OBETRHPY | i quid refrigerant flowing fromthe second
branch pipe 25 (11b) to the first br h pi 1la)..J s,insufficient, the
li qui d IPE]E)I‘i ger g{rlme ri)egp%i(yﬁéwerat?ons wﬁPge dgségﬁ)egi speglf‘{cally.
<Air-Cooling Operation>
The air-cooling operation is an operation of performing only air-cooling in

25  the indoor unit (1B). At the time of the air-cooling operation, as shown in Fig. 2, the



35 fromthe receiver (14) through the communication liquid pipe (11) into
the first branch pipe (11a). The liquid refrigerant is supercooled by a

| ow- pressure gas refrigerant at the poggion that the comrunication liquid
pi pe (11) and the | ow pressure gas pipé&’°(15) are provided adjacent to each
Other, and the resultant 5 supercooled refrigerant flows toward the

col d-storage heat exchanger (45) and the freezing heat exchanger (51).

Accordingly, even if a part of the ljquid refrigerant fro

branch pilpeertarigmprssi )r"é)[“SHF‘ﬁﬁ%Lp%p‘foﬂ‘épr(eﬁ?g)m?cga?nlsglsF?ésd;,] %(ﬁﬁ %glg gas
is condensed into a liquid and then the liquid is au;ﬁpl i ed ({o t he heat
exchangerchang, apd)the1lr st Donomy eRer CPERFSIE K2 B APAFhe6FaRe JRA3-1#KE ' econd
air-heating/freezing operation is an operation with excess air-heating
ability iconyresford@Cngonketute risie abmptesaionngrecherismd2Bpefost then seqand
air-heating ability for the indoor unit (1B) is superfluous. During the

second aidmfgal i Oﬁgyf FIRER 9 hodPRIFetteD BomPsessbo(@B) ind-ihg. se@pnd meniinventérer
conpressor (2A) and 15 the first non-inverter conpressor (2B) constitute

the cgnpr . NS (g(g)i fQEiohNBeéhan$dm QOBY T8} theRecdndeciza@entre

non- i %vercﬁ)ﬁrggsﬁ.g?@??or ZeC c%nstliot utes the gorr?)]r ession mechani sm (2E) for
t he second.channel. The inverter conpressor (2A), the first non-inverter
conpr esso'Y¥B) and the booster conpressor (53) are driven. The second

non-i nverter coppresso C) iLs,sto d. .20, The cond._air-heat.i eezi ng
operation is anggﬁlé‘?‘%i’t‘ irbéS%F ﬁothfiilleﬁsﬁ)‘ﬂﬁlgaizr ?*heeg{%tﬁ"ﬁ“%{%ﬁaV%F{/“P%ra\;sa&g‘g%)uous
during the first air-heating/freezing operatiqn, and,is the,.sane as.the
first airandetheispegnd foariway spestar V%‘Heéiﬁbﬁe St“ﬁ%&hear‘i% bgé‘w}?oﬁfrsbﬁﬁa!%asw

sel ector valve (3B) is switched to be in the second state as shown by the
sol i d |i nirdifouFivay @lectotealne (3€) iofwitelteditgdedntheisesondstpter Frishen be
inverter conpressor (2A) and the first non-inverter conpressor (2B) flows
in the i ndlagboneapamiehanter (16)] thareted iumic iexpammicensbd (28r ef thasiquid t he
first air-heating/freezing operation. The condensed liquid refrigerant
flows fr C’i'ﬁ]éé?ﬁ)nsﬁff)% 79T BRCELIPAAIE i) 7Apid iR Edldsdtotipanatit piQpafd thd a)

before the” conmuhication liquid pipe (11). The other part of the

refriger tler?&iﬁ%%eg%)fiixg%tf %S%,@V rigg?ﬁgmlg_@&pr (2A) and the first

non-i nverter conpres e auxiliary gas pipe (19) through

t he second four-\é\@%ru?@gggttager \c/la%\{gg%é)lﬁ)c @Hg‘;ﬁﬁfﬁm tlﬁé’%‘ir‘si’"axymﬁﬁ{v%%ﬁ”

valve (3A) to tH gds pl e refrigerant i s condensed
in the 10 outdoor heat exchanger,h (4). The condensed LiqQujd refriger

passes t htQuRIess (2 ‘g‘f’ 5(3?(9{‘3‘1 &Héﬂn‘(‘frg% Wg‘ﬂfﬁsst%é#mﬁ%s %aneﬁl(el )¥
Further, the liquid refrigerant flows through the comyunication, |iquid pipe
(11) ¥5nt ofoumevdy seector aabie (Fiddethraugh the oudrqr gas PipeE) 8+ ﬁgé}%‘?"ff dh t he
second branch pipe (11b). A part of the liquid refrigerant flowing in the
first brasathapgee(4)ldml)isfdomdsnsed thsreihe Thel ebndensedglequid aefreses prinews (u5)
and is evaporated therein. The other part of the liquid refrigerant flow ng
in the fiﬂﬁ:ﬂicﬁlﬁd?@ﬁh pi@e Kukiie, fHedvguid mefriperintefbawnthrhegh thexecarvge(14)51)
is evaporated and sucked into the booster conpressor (53). The gas
refrigerajfe EMARALA LD qiidepipe!(@15t1aeageohbianekqlipadelb) 45) theoimiwot he
gas refrigerant discharged fromthe booster conpressor (53) at the

| ow- pr eSSHL SR, iRy 2(/2152) gﬂ@ ﬁgﬁgobpiheadem,faﬁ'gae{‘ﬁr)tan@e%ﬁ n§ eb@pdraged.

i nverter npressor =irst non-inverter conpressor (2B). Wile
the sucti si de s, refrigerant ~flo Lot . ‘ i 5),
0 nel - ol Bn el FRRETRAD BoparToh B A bR RSB BRI BRuEL )
liquid pipe (11) and thus the |iquid. refrjgerant, {l owi ng i.n the
comuni ca?heofgfsltifaﬁi'é}’aﬂﬁe}ﬁ%‘ér valys %?g) saﬂﬂébgéﬁﬁoé@. tfo’f‘ﬁ'l‘%angedﬁ?tar Vaei 3B ant
joins the liquid refrigerant fromthe )
into the suction pipe (6¢) for the second non-inverter compressor (2C). A part of the
low-pressure gas refrigerant returns to the second non-inverter compressor 20).

The remainder thereof flows from the suction pipe (6¢) for the second non-inverter

25 compressor (2C) into the branch pipe (6e). Then, the remaining gas refrigerant



37 second branch pipe (11b) and the joined liquid refrigerant flows in the
col d-storage heat exchanger (45) and the freezing heat exchanger (51).
Accordingly, the differences in enthalﬁy of the refrigerants in the

col d-storage heat exchanger (45) and t a freezing heat exchanger (51)
becone | arger than those of the case in which 5 supercooling is not
performed, so that high refrigerating ability is exhibited. Al though the

gas refrigerant is superheated because of heat- han ith the liquid
ref ri ger dgturng tthyepgh ﬂwr({ Hoy@ay; %fE?CdOF & Vieg(é{(g%tto gse mfdhi“&“rlﬁj"%fg?fi on.
Thus, it is possible to prevent the degree of superheat of the gas .

r ef ri ger amimgressor {2 B)gBaxbe sefrigerantirapepsingrsugh soneplagiog; ahi-qoobidgskithing The
behavi or of refrigerant during the second air-heating/freezing operation
will be dgserishedfdeagdd on a Mollier chart shown in Fig. 10. A refrigerant
is conpressed to a point A by the inverter conpressor (2A) and the first
non-inverter canpd&seids §p&htiofnlPafate, Obtatthand eftop gfyratte dlrst hOnP@VBLteA | S
condensed by the indoor heat exchanger (41) to a point ClL. The other part

of the 15 Loer i \ 7] Y hgad
excha(r?légercor(nﬁélre%‘%beft(%g;t )pa?)lﬁnﬁhg%f?%&n Oﬁ\ﬁ{éﬁerﬁeat-e cﬁséogg(é?j\%lm?ﬁ&l? ﬁg;egas f
refrigerant .(refrigerant at, a Knt G sucked, in he i.nv . ssor
(2 and BranpppEeRpu g epEefdcire 2oel g Ak R BERAE TRIET he
comuni cation liquid pipe (11).in order to Z?e]?s ercoqled to point C2. 20
The ref ri YhintheagtotenOply; ofe ehthegompresrors 1%‘2)5’&%’ ORer’i%teaoi nt C2 and
the joined refrigerant is changed to a point C3. The pressure of a part of
t he refrigéneaninga@penatiopdint C3 is reduced to a point F by the col d-storage
expansi on valve (46). Then, this refrigerant is evaporated at, e.g., -10C
and its state iBhclizegiag operatien ppianto@ratioB®f Aeplarming onheceding getlkmt at
the point C3 is sucked by the booster conpressor (53). Thus, the pressure
of thics re&fldisgeragsiunits(10)dindate freeaingainit (1DRtDutieg thefzézigg eypanivnpns

val ves (52). Further, this refrigerant is evaporated at, e.g., -35C and

sucked i néc}wrhﬁl P%g%t Ble MYEREELESRPrdsdH ((zg%ﬁdmle Wirsd nontiR ek @F cbBRr&Rbr

conpressed by 5t boost er conpressor to a point J joins the

refrl ger animy LONNE Rl S5ALALENS NEARAANGNEIPTL( H) RRdchdneDt B L (e

j oi ned refti‘gérant I's chang he gas refrigerdant at the

int G heat - h ith the ljgwd refri h int.Cl b
Cuper hoat B4o7S "angarAtiek TRt At FelsFidie? EhE EouBleshidR B8 v G ™
point C2. This gas refri geran}1 i,s mxed with a_{}%ril%erané obt ai ned bg_
reduci ng 0 theescprd shapngls AheARyertar ¢aBPIesINti @At Hher ARt nAN-INETtEhi nt

Cl to the point L b)]/}t.he _ _ :
15 compressor (2B) in the compression mechanism (2D) for the first channel are driven

and the booster compressor (53) is also driven, but the second non-inverter
compressor (2C) is stopped.

As shown by the solid lines in Fig. 3, the first four-way selector valve (3A)

and the second four-way selector valve (3B) are switched to be in the first state, and

20  the third four-way selector valve (3C) is also switched to be in the first state. The

solenoid valve (7a) of the cold-storage unit (1C) and the solenoid valve (7b) of the

freezing unit (1D) are opened, while the outdoor expansion valve (26) and the indoor

expansion valve (42) are closed. The opening of the electronic expansion valve (29)

of the liquid injection pipe (27)l is adjusted to a predetermined value so as to enable

25  aliquid refrigerant flow with a predetermined flow rate.



el ectroni c expansion valve (29) (by performng liquid injection), so that
its state is changed to a point M Thereafter, the resultant gas
refrigerant is sucked by the inverter ggnpressor (2A) and the first

i nverter conpressor (2B). By repeating“such circulation during the second
air-heating/freezing 15 operation, air-heating within a store is perforned
and the interiors of col d-storage showases and freezing showases are

cooled. At this tjme,,k the cooli.ng abili unt, of heat evapor at for
Che. coi - st or agdst sty SisitieR Ashrey SRR tpS Ve et BYBRSRahER) Wt
the air-heating ability (amount of heat caondensed) for the indoor unit
(1B), andndxbesirst aedenyedensampresse &2Bhflgud BomGHs i) PWeWal 85t oheat
20 exchanger (4). <Third Air-Heating/ Freezing Operation> The third

ai r - heat ivaivd (Beyimgugiptreatitdooi gasapipe(®r o tre eutthor heayfekclangsr (4) and
air-heating ability in which during the first air-heating/freezing

oper at i onthed hecAidenb@pihierdn allihkicoydémyed i fa@id rdoigerannflowstB)ouigh the liquid
insufficient. In accordance with the 25 third air-heating/freezing

oper aki o b @3161]%\?{@ teBeifbd (14h1land R EEMBULRatEATREAGSAPe (1BPiri8Ahe dik6k t he
first no -Fn erter conpressor (2B) constitute the conpression nmechani sm

conet i tutenithepRATEHECHR, oFR deife RETERSe TR IRk EenCATRE BRSHLN Y1)

inverter c ressor (2A), the first. non-inverter conpressor ) t he
second ncfr?? THRIPBRFX ’b‘i}‘?‘fb‘i{g%&%&)('ﬂ%t ﬁrcgmdl’ls{o\%%e. ﬁelfquf‘%&n,ge{ {14251? 8@% r
conpressor (53) is also driven. The third air-heating/freezing operation is
per f or neds&Napotaed HiereiReating ability is insufficient in the first

ai r-heating/freezing operation, i.e., is perforned when an anount of heat
evaporat ed i s iPsubthiecperitof titrEquid refrig¢nanh Bawing)irf theepinpunigatian liddid s t he
sane as the first air-heating/freezing operation except that the 10 opening
of the ousige@rlefpasshenghahybran2ibliqusd pipet(1d) heditherfdedzire egaosdn valve
non-inverter conpressor (2C) is driven. A refrigerant discharged fromthe
inverter GRYRA@Sthelfrdezg héiteeﬁcihﬁﬁ%err((sm) Ay ehdrels GQPPrRss tieréidB) Thagad he
second non-inverter conpressor (2C) flows through the communi cation gas

pi pe (17);cpn %aﬁﬂgv%mg% nadt reechaneek e&ﬂﬂang%wsilﬁi_stmlaec}] By GRO§8psed

therein, as Irst air-heating/freezing operation. The condensed

liquid refrigerant, d t f ch. bi Joak MO, t he
first b HEPPRg. (PlaSomREPSFRL Hso Bl 148 B AR AEAACRP P gt B

of t he qu@ig refrigerant flowing in the first branch pipe (Ila) flows in
the col d-€ir age heat exchanger (45) and is evaporated therein. The other
part of the 20 liquid refrigerant flow ng in the first branch pi ge, (illa)
flowsl3n the f ,—’B&gweﬁ@g@rant evaporated by the cold-storage heat exchanger 64 ) joins

the gas refrigerant discharged from the booster compressor (53) at the low-pressure
gas pipe (15). The joined gas refrigerant returns to the inverter compressor (2A) and
the first non-inverter compressor (2B). By the refrigerant repeating such
circulation, cold-storage showcases and freezing showcases are cooled.

20 The refrigerant pressure of the freezing heat exchanger (51) is lower than
that of the cold-storage heat exchanger (45) because the refrigerant is sucked by the
booster compressor (53). As a result, the refrigerant temperature (evaporation
temperature) in the freezing heat exchanger (51) is, e.g., -35°C, and the refrigerant
temperature (evaporation temperature) in the cold-storage heat exchanger (45) is,

25  e.g., -10°C,



exchanger (51), is evaporated therein, and sucked into the booster
conpressor (53). The gas refrigerant evaporated by the col d-storage heat
exchanger (45) joins the gas refri geragt6 di scharged fromthe booster
conpressor (53) at the | ow pressure ga$S pipe (15), and the joined gas
refrigerant returns to the inverter conpressor (2A) and the 25 first
non-inverter conpressor (2B). 40 The liquid refrigerant which is
condensed in t d r )

communi cati on Iq?‘(ﬁ Oﬁ% fgg‘%ﬂ? dlg&s%rh%trﬂn&t Ig&%%%?ﬁ Ithé) rhogl%z%ré?r

t hrough the receiv ‘il and the o t door. exganstgon al ve 26) to

out door I‘Fé’é‘i‘préﬁﬁﬂ{a&d@ $tarh $OR F’r@ qaga%‘%ﬁ pup r'GVR eprﬁgmg{/egagrr at ed
gas 5 refrigerant rovvs in the outdoor gas pi (9. Further, the

evapor at e(dpga%ren%@ffqug@dmewléﬁsmb S Hud OWHEfffEeFél@t I?@WM&%@F@EF‘&"X@I ve
(3A) and the second four-way selector valve (3m) into the suction pipe (6c)
for the sthedond-pressuresensoe(65)papd desaper{td@) ispediormed depending ona fréegingcond
non-i nverter conpressor (2C). The behavior of refrigerant during the third
ai r-heatijaglfreezing operation 10 will be descri bed based on a Millier
chart shown in Fig, 12. Arefrigerant is conpressed to a point A by the
second non- 'nvef'"&etrhec&fmfoffsr‘ép'inc(rg&)ing Pné BEgdcaST Shihel SonfREINISS SRSt HaRi st POI Nt

B by the inverter conpressor (2A) and the first non-inverter conpressor

(2B). The@IﬁeEPeg%r @Hter @(t.)mkape%s@ 2'2\() 1s djrg E%vl‘&gaeth@ﬁrgf irmerf%tr cBQfIf)n%%Pt B,

and the j derant 1S c ense a pol nt by the 5or heat
exchanger pressure of a part o refri er. nt aI t he t C1
i's reduce@(lﬁdsét‘iﬁﬂeﬂt \gﬁ t]?%‘élVEGFEC%WBF%?@%r%rﬁQF}g% a’lnﬂémﬂlﬁ%) Ey

this refrigerant is evaporated at, -10C and its statel edtoa
poi nt G gdihen adpad pefurgheriipeneasrd, élﬂe f‘Fr“é NOJr iRy et FUPRIGEIAL2 E} ‘Uboster
conpressor (53), Thus, the pressure of this refrigerant 20 is reduced to a
poi Nt10H band the chpecity afthexpuersermompressor (B4) is redieed tofiks mirigwm Fapacity.
evaporated at, e.g., -35C and sucked into the booster conpressor (53) at a

point |I. Wdﬁnrzelforaﬂgeeaatﬁ figoingriaseased)thé¢ bhep dvitysifehe corgrteesoopré S8y (24) a
point J joins the refrigerant fromthe col d-storage heat exchanger (45) and

the st at ejsOfnctiReil OVRRE theffidsOaloalihvedet Rampecksbo (2BY ipakctivated. F4d tHhe gas
refrigerant at the point G heat-exchanges with the Iiquid refrigerant at

the point il ﬁWr@?uélﬁg%%ggF E}pef {8 mBrG AN IRE of)ér]a}lohrbﬁﬂ%‘é‘lte to the

conmuni cati on pi pe d refrigerant ‘flowng in th

comuni Caéerﬁﬂolqlop?nc(r%&'gm%%esHﬁﬁr g(}qg%grrﬁ&fsg)hte poi nt C2. The gas refrigerant

flowng ih ressare gas I's superheated to a point K
The pressure of ,the refr r ant th nt C2 reduced to a poj,nt_ D by
t he o{ﬁedoor expAnSPERFEy I'g’é’ a%‘)t °ﬁ%f°§ Egl‘ ]inéeflah PR L% ot epéltnéd%}ilb, . g.
-5C and sucked to_the second i hverter conpressor, (2C) at a i nt The gas
ref ri ger aperiagmedforghe gpenngof i eoldastorres er"@ﬁ??‘@éﬁ’éh’tea(dﬁ) éﬁ?‘ﬁgﬂ’ flS?/eZI

expansion valve (52). This is also performed in the following operations.
When a refrigerant is circulated in the refrigerant circuit (1E) during the
freezing operation, a liquid refrigerant flowing in the communication liquid pipe
20  (11) heat-exchanges with a low-pressure gas refrigerant flowing in the low-pressure
gas pipe (15) and thus is supercooled. For this reason, the difference in enthalpy
between refrigerants in the cold-storage heat exchanger (45) and the freezing heat
exchanger (51) is larger than that of the case that supercooling is not performed. As

a result, high refrigerating ability is exhibited.



10 reducing the pressure of the liquid refrigerant at the point C2 to the
point L by the el ectronic expansion valve (29), so that its state is
changed to a point M Thereafter, the resultant refrigerant at the point M
is sucked by the inverter conpressor (23) and the first inverter conpressor
(2B). By repeating such circulation, air-heating within a store is
performed and 15 the interiors of col d-storage showases and freezing
showcases are cgol ed. Nanely, the coolin bility (anmount, of . heat

evapor at ed) forT}t%ge%fGPanfg"cPreé}éeé’tLﬂfiat ge&g?f?'a%?aa*tthaé %Féé‘f*lﬂ@ SL‘J‘F:‘? gefcﬂ?ﬁs is
not bal anced with the air-heating ability (amount of heat condensed)  for

t he i ndodrrgenb¢caps®)t, heatcexchangdsi witbrihe digupdrefrisgramdatThesgeprediigednt iom t he
out door heat exchanger (4). 20 --Effects of Enbodinent- In accordance with
t hi s enbodlxsdnivithtthe liuidirdfrigenentf romcibledigtidriagetibn eepé (27 )carahtivis iamng t he
liquid |line for the air-conditioning channel share one comunication |iquid
pi pe (11)posdmfe &B%r@@éﬂﬂk’hbk&grw of isapertedti pRtHeldds refriperami desh adicemenyg to
the | ow pressure gas pipe (1 serving as a gas line for the 25

col d-of O AgffHldaRAgl RGCRAIMBHonifedtol MeERMighlD). Thus, a liquid
refrigerant 1's percool ed by a | ow pressure gas refrigerant, so that
a refrigerant, having.l ower enthal py.can be supplied to the application-side
heat excHgﬁéng”(gighﬁ%ﬁﬁ%ﬁﬂgg ﬁgéaﬁghtly, the differences in enthal py
between refrigerants at, entrances/exits of.the respect.ive | i cation-side
heat exchanger sT‘M1f,1rSEL£9,”'%9L‘)1”’n¥2§Sﬁ7éngé’rpﬁéa,tméh’cf ap SB‘H@ PB%&F‘)&‘HEMMOUS?Y
refrigerating ability can be prevented even if pipes are long. As liquid

| i nes f orperfgiming| dit-goofing fva theeinslogr anjtril&y reade@olingdndhe ce Rgeaibn
liquid pipe (11), the total nunber of conmunication pipes is reduced.

Accor di ng{iyG) avaf thef freezingnedt(1R). FPpesg il ﬁesgiairycqréirfgégmna@@etdﬁi@n, as
possibility of connecting wong pipes may be reduced. 10 Further, there is
provimed §fevi i0Big 4, fhetivieosar pom@rdsady) (XAy asiughpl firishgoma i paarter @bnipirepsod
refrigerant circulating in the refrigerant circuit (IE) to the suction

sides of pip) CORNIEES RN cBRGRARI T dcREhisREY2DAGEPEE Tkt chauel, bid tthe
degree of superheat of gas refrigerant at the suction side becones |arge

when a1 Qlfla R 1dRHAP olubr SUBP(FEP L Alich e 88 pFALIINIREAnisih |(IH)

i njection can prevent t gree super heat e refrigerant from
bei ng excessively | ar in.a npressi on step. Th | um nym t ape. i al
(12) seeror{gt}%Fs Sgcor@agg?r?'hﬂsf éﬁ’enﬁltvéftieélC()lrgp&f)st?ﬁd&é@o&ﬁ]a ﬁf‘fé lgognn%{l&%?tggti on
liquid pipe (11) and the | ow pressure gas pipe (15 o.that the pipes (11,
15) are sE@MBIRTERU(AR) anbthfesgcop é‘r?é‘f‘é‘?’eﬁﬁfég‘inﬁ§es€ D 2C)rpgsdriven, iaﬂgitge
refrigerant can be reliabl _suPercooIed by a gas refrigerant through the
heat 1¥ anb@@&telzgorﬁﬂteéﬁﬁﬁa(“él?)‘.Soqu“é?é‘cor dance with such a structure, a heat
exchanger dedicated to supercooling of liquid refrigerant is not required
and thus the stAsshowa tysthecbliddinsisiicFipdt, the BrsidouEmsydielaskrswal Tt Ak esent
invention may be structured as follows with respect to the 25 -
above- des¢lid irdngFoodiwagnielector valve (3B) and the third four-way selector valve (3C)

are switched to be in the first state. The solenoid valve (7a) in the cold-storage unit

(1C) and the solenoid valve (7b) in the freezing unit (1D) are opened, and the

20 outdoor expansion valve (26) is closed. The opening of the electronic expansion

valve (29) on the liquid injection pipe (27) is adjusted so as to supply a

predetermined flow rate of liquid refrigerant to the suction side of the compression

mechanism (2D).

Under this state, refrigerants discharged from the inverter compressor (2A),

25  the first non-inverter compressor (2B) and the second non-inverter compressor (2C)



43 For.exanple, the refrigerating apparatus (1) which has the

col d-storage/ freezing channel and the air-conditioning channel capable of
perform ng air-cooling/air-heating has been described in the above

enbodi ment. Neverthel ess, the present 28vent i on may be applied to apparatus
Having a 5 cold-storage/free2|ng channel and an air-conditioning channel
dedicated to air-cooling or apparatus having a plurality of

bot woon oMot bF DR araE PN (R sFodGnt i Eruts T RSBl fobf gt e

channel s. Thus, gas lines, as well as liquid |lines, may be |ntegrated 10
Speci fi c fanst feuraway electns vabys () theaugh the Grtdeersadipe §Dinte the egdaey be

appropriately changed. Nanely, in accordance with the present invention,
t he st r udtaar excidngeh@s), ind bieersiscdontibatedahbiequi @he ebndgesedmefrigerantiflops d
si de communi cati on pi pe can be supercooled by a | ow pressure gas

refrigeraffough thel IR PSS L0 GhAhE irélei CNTUNI £t theR ifone cdmmurdegiad al
Applicability As described above, the present invention is useful for a

refrigerat| t us. 44 Clainms 1. A refrigerating apparatus which
conpri ses (lgngéﬁppge@ant circuit (I E) i n which conpression nechani sns (2D,

a6 52) o ZS‘#&? ! I*)ﬁﬁ“??ﬁ" e R G R clfegd *
o a pl k)1 b SeE e SR ”Pli%??hﬁﬁaia?ﬁamﬁgﬂlﬂafféﬁfdé‘%@

mechani sns (2D, 2E) and the heat-source side heat exchanger (4), wherei n
i quid | ifhews thioushdhpiingenr expapsion yahte(42) iintorthe lﬁ@qﬂg‘-‘éfsmhaéligrébmlt) 10
(I E) share a liquid side conmunication pipe (11), and the |liquid side

comuni caridothei fre e digratesl pregwinded hadgapentied @aa lefuggmet sloves fam shele
comuni cation pipe (15) for a gas line of at |east one channel so as to

cont a@t i¢omAunisat@dhrdageripé (1D thppaghathe firehfouin-wonpleaes valve ¢BA) ged aind
circuit (1 E) in which conpression nechanisns (2D, 2E), a heat-source side

heat exchaR@fll fohl-wap selReAS Valve R RMEhe 28ctid pifd.(62R) Elﬁh@{ll% the
appl i cation-side heat” exchangers (41, 45 51) are connected together

i n whi ch é&gﬁ@gg 2%9@%9 e%merehﬁgs tﬁmﬁ:@eﬁa%oﬁﬁveéér)c&gﬁreésor (2C).

col d-storag ng c annel e appl i cation-side heat exchanger (41)

]::girp?gs?: anﬁgglﬁ {her%ﬁ afggg llgﬁaf{cﬁﬂgﬁﬁtﬁ ?l%vs’ A F?]ﬂl?edé %{3' 1&1“8 él u(ladr ()

Sat-source s exc
SRR AT GG TR IR %ﬂgé?a et o
the CIOS| d- fetfgrggrga%/t ];‘lro(\awesztlhpogug(l:lhtﬁggolld -storage expansion valve (46) into the cold-storage
heat exchanger (45) and then is evaporated therein. The other part of the liquid
refrigerant flowing in the first branch pipe (11a) flows through the branch liquid
pipe (13) and the freezing expansion valve (52) into the freezing heat exchanger (51)
and then is evaporated therein. The gas refrigere'mt evapérated by the freezing heat
20 exchanger (51) is sucked by the booster compressor (53), compressed therein and
then discharged into the branch gas pipe (16).
The gas refrigerant evaporated by the cold-storage heat exchanger (45) joins
the gas refrigerant discharged from the booster compressor (53) at the low-pressure

gas pipe (15) and the joined gas refrigerant returns to the inverter compressor (2A) |

25  and the first non-inverter compressor (2B).



and for the air-conditioning channel, wherein liquid |ines for both of the
channel s share a liquid side communication pipe (11), and the liquid side
comuni cation pipe (11) is provided é? adj acent to a | ow pressure gas

si de communi cation pipe (15) for a gas“fine in the col d-storage/freezing
channel so as.to contact it. 3. The refrigerating apparatus of claim1l or 2
further conprising a liquid injection pipe (27) for supplying a part of

liquid refrigerant circulating in the refri.geran e cul kbl E) uction
si des of the ccﬁib?@s%qfﬁﬁe%&ﬁgf?ﬁaé% s(“fg,c‘%’i‘;qt Af’.’%ﬁ‘{ig&?herféji\&;éteh?}étgi Sr%épe B
apparatus of claim1 or 2, wherein the liquid side mruni cati on pi pe (11)
and the Ipeviosmed sandethgdstesiare of sodratosags glwvmﬁss ("1@ r%l“@hﬁﬁ’r"%"aﬁ%s%ﬁsed
adj acent to each other are surrounded by a heat transfer material (12). 10
5. The refoolagerati ng apparatus of claim4, wherein an al um num tape
material (12) is wound, as a heat transfer material, around the |liquid side
communi cati on piebéhhblorsfréfhiget - duragsihedigaairsiatdingdfreemng apemian pe
(15). . A% AY9. AY. AY% AR A39. Aye. A39. A3. A
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10  first channel and the compression mechanism (2E) for the second channel. Further,
the refrigerant is compressed by two steps by the booster compressor (53) and thus
has three kinds of evaporation temperatures.

When the refrigerant is circulated during the first air-cooling/freezing
operation, a liquid refrigerant flowing in the communication liquid pipe (11)

15  heat-exchanges with a low-pressure gas refrigerant flowing in the low-pressure gas
pipe (15) and thus is supercooled. For this reason, the differences in enthalpy of
refrigerants in the air-conditioning heat exchanger (41), the cold-storage heat
exchanger (45) and the freezing heat exchanger (51) are larger than those of the case
that supercooling is not performed. As a result, high refrigerating ability is

20  exhibited.

The gas refrigerant at the suction side is mixed with the liquid refrigerant by
perfcrming liquid injection and thus the degree of superheat of the refrigerant cannot

be excessively large in the compression process.

<Second Air-Cooling/Freezing Operation>
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from the first air-cooling/freezing operation in that the third four-way selector valve
(3C) is switched to be in the second state.
In accordance with the second air-cooling/freezing operation, as in the first
10  air-cooling/freezing operation, a refrigerant discharged from the inverter
compressor (2A), the first non-inverter compressor (2B) and the second non-inverter
compressor (2C) is condensed in the outdoor heat exchanger (4) and then is
evaporated in the indoor heat exchanger (41), the cold-storage heat exchanger (45)
and the freezing heat exchanger (51).
15 The refrigerant evaporated in the indoor heat exchanger (41) returns to the
first non-inverter compressor (2B) and the second non-inverter compressor (2C).
The refrigerant evaporated in the cold-storage heat exchanger (45) and the freezing
heat exchanger (51) returns to the inverter compressor (2A). Because two
compressors (2B, 2C) are used at the air-conditioning side, the lack of the
20  air-cooling ability is compensated.

A description about specific switching control between the first
air-cooling/freezing operation and the second air-cooling/freezing operation will be
omitted.

In the second air-cooling/freezing operation, an improvement in ability can

25 be accomplished by supercooling a liquid refrigerant.



&109B& ()- glovB& ()- 3"109B& ()- 3"109B& ()-3"109B& ()-b../ ///"0dELC

104| 11 109B& ()- : 109B& ()- 109B& ()- Fs$109B& ()- "109B& () -
"1098& () -"0g0000J1uldELC 104

/109B& () - - 1098& () - @10%B& ()-s' 109883%) - FYos$109B& () -, #: | 109B& () -
U111821222324262xnbC 104 109& ()- 10B 10B 10B8 109B& () - L610%B& () -

34109B& () - 2109B& ()- 62222"3s33dEnbC 104| 9" 109%& ()- #10%& () -
1098 ()-Llo.%%'i( - 1Qu&' () - 333A4d444dEnbC
104] * 109&AYy~ ?52%98( pgr

n

109%& () -

B () - 109 ()-109%& ()- f10%& () - 49%6S5556D6dENDC

104] +- 10%& ()-) 10%& ()-s' MLO%& ()-Yl %6$10%' () @L0%&' () - & 10%&' () - DBP666$S7
_ oty 207

v7777dE: /| 10 1@hegpir-heating operation is an operation 0f performin

ng in

109 () -y8G 10%& ()- 6109%& () - 34@L0%&: () - 210%& () - FOL09%&' () - 7778e889€9xY: /
103$10%&the indob@uit(LB). AL OB&Life-ofthOsig: epting aageration; as@hqwn imBigodothg: : ;
dE:/ 103" 10%& ()- mYs$10%&' ()- " 10%& ()- 10%& ()- fT10%& ()-L "10% ()-:
<$<nr<=X3aNmrterlEbINFLOIF (QA)-condftfes dre compression mechanism (2D) for the first
"100& ()-) 10%& ()-" 10%& () - YILOU& () - X===>>>>>>>dYNC 10 10 10 103: $10%& ()-

5

10

15

20

25

channel, and the first non-inverter compressor (2B) and the second non-inverter
compressor (2C) constitute the compression mechanism (2E) for the second
channel. Only the first non-inverter compressor (2B) and the second non-inverter
compressor (2C) in the compression mechanism (2E) for the second channel are
driven.

As shown by the solid lines in Fig. 7, the first four-way selector valve (3A)
is switched to be in the second state, the second four-way selector valve (3B) is
switched to be in the first state and the third four-way selector valve (3C) is switched
to be in the second state. The electronic expansion valve (29) on the liquid injection
pipe (27), solenoid valve (7a) in the cold-storage unit (1C) and the solenoid valve
(7b) in the freezing unit (1D) are closed. Openings of the outdoor expansion valve
(26) and the indoor expansion valve (42) are controlled to predetermined values.

Under this state, a refrigerant discharged from the first non-inverter
compressor (2B) and the second non-inverter compressor (2C) flows from the first
four-way selector valve (3A) through the communication gas pipe (17) into the
indoor heat exchanger (41) and then is condensed therein. The condensed liquid
refrigerant flows through the communication liquid pipe (11) and the branch liquid
pipe (36) into the receiver (14). Then, the liquid refrigerant flows through the
outdoor expansion valve (26) on the auxiliary liquid pipe (25) into the outdoor heat
exchanger (4), and then is evaporated therein. The evaporated gas refrigerant flows

from the outdoor gas pipe (9) through the first four-way selector valve (3A) and the
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operated.
<First Air-Heating/Freezing Operation>
The first air-heating/freezing operation is a heat recovery operation of
performing air-heating in the indoor unit (1B) and cooling in the cold-storage unit
10  (1C) and the freezing unit (1D) without using the outdoor heat exchanger (4). In
accordance with the first air-heating/freezing operation, as shown in Fig. 8, the
inverter compressor (2A) and the first non-inverter compressor (2B) constitute the
compression mechanism (2D) for the first channel, and the second non-inverter
compressor (2C) constitutes the compression mechanism (2E) for the second
15 channel. The inverter compressor (2A) and the first non-inverter compressor (2B)
are driven and the booster (53) is also driven. The second non-inverter compressor
(2C) is stopped.
As shown by the solid lines in Fig. 8, the first four-way selector valve (3A)
is switched to be in the second state, the second four-way selector valve (3B) and the
20  third four-way selector valve (3C) are switched to be in the first state. The solenoid
valve (7a) in the cold-storage unit (1C) and the solenoid valve (7b) in the freezing
unit (1D) are opened, and the outdoor expansion valve (26) is closed. The opehing
of the electronic expansion valve (29) on the liquid injection pipe (27) is controlled

to a predetermined value in order to adjust the flow rate of a refrigerant.
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5 second branch pipe (11b) to the first branch pipe (11a) before the communication
liquid pipe (11).
A part of the liquid refrigerant flowing in the first branch pipe (11a) flows
through the cold-storage expansion valve (46) into the cold-storage heat exchanger
(45) and then is evaporated therein. The other part of the liquid refrigerant flowing

10 in the first branch pipe (11a) flows through the branch liquid pipe (13) and the
freezing expansion valve (52) into the freezing heat exchanger (51) and then is
evaporated therein. The gas refrigerant evaporated by the freezing heat exchanger
(51) is sucked by the booster compressor (53), compressed thereby and discharged
into the branch gas pipe (16).

15 The gas refrigerant evaporated in the cold-storage heat exchanger (45) joins
the gas refrigerant discharged from the booster compressor (53) at the low-pressure
gas pipe (15). The joined gas refrigerant returns to the inverter compressor (2A) and
the first non-inverter compressor (2B). By the refrigerant repeating such
circulation, air-heating within a store is performed, and the interiors of cold-storage

20 showecases and freezing showcases are cooled. During the first air-heating/freezing
operation, a cooling ability (amount of heat evaporated) for the cold-storage unit
(1C) and the freezing unit (1D) is balanced with an air-heating ability (amount of
heat condensed) for the indoor unit (1B), so that 100% of heat is recovered.

If the amount of the liquid refrigerant flowing from the second branch pipe

25  (11Db) to the first branch pipe (11a) is insufficient, the liquid refrigerant is sucked
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" 10%& ()freezing heat exchanger (51). Accordingly, even if a part of the liquid refrigerant
from the second branch pipe (11b) to the first branch pipe (11a) is flashed, a flash
gas is condensed into a liquid and then the liquid is supplied to the heat exchangers
(45, 51).
10 <Second Air-Heating/Freezing Operation>
The second air-heating/freezing operation is an operation with excess
air-heating ability in which during the first air-heating/freezing operation, the
air-heating ability for the indoor unit (1B) is superfluous. During the second
air-heating/freezing operation, as shown in Fig. 9, the inverter compressor (2A) and
15 the first non-inverter compressor (2B) constitute the compression mechanism (2D)
for the first channel, and the second non-inverter compressor (2C) constitutes the
compression mechanism (2E) for the second channel. The inverter compressor
(2A), the first non-inverter compressor (2B) and the booster compressor (53) are
driven. The second non-inverter compressor (2C) is stopped.
20 The second air-heating/freezing operation is an operation in which the
air-heating ability is superfluous during the first air-heating/freezing operation, and
is the same as the first air-heating/freezing operation except that the second

four-way selector valve (3B) is switched to be in the second state as shown by the

solid lines in Fig. 9.
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liquid refrigerant flows from the second branch pipe (11b) to the first branch pipe
5 (11a) before the communication liquid pipe (11).
The other part of the refrigerant discharged from the inverter compressor
(2A) and the first non-inverter compressor (2B) flows from the auxiliary gas pipe
(19) through the second four-way selector valve (3B) and the first four-way selector
valve (3A) to the outdoor gas pipe (9). Then, the refrigerant is condensed in the
10 outdoor heat exchanger (4). The condensed liquid refrigerant passes through the
receiver (14) when flowing in the liquid pipe (10). Further, the liquid refrigerant
flows through the communication liquid pipe (11) into the first branch pipe (11a),
and joins the refrigerant from the second branch pipe (11b).
A part of the liquid refrigerant flowing in the first branch pipe (11a) flows in
15  the cold-storage heat exchanger (45) and is evaporated therein. The other part of the
liquid refrigerant flowing in the first branch pipe (11a) flows in the freezing heat
exchanger (51), is evaporated and sucked into the booster compressor (§3). The gas
refrigerant evaporated in the cold-storage heat exchanger (45) joins the gas
refrigerant discharged from the booster compressor (53) at the low-pressure gas pipe
20  (15). The joined refrigerant returns to the inverter compressor (2A) and the first
non-inverter compressor (2B).
While the suction side gas refrigerant flows in the low-pressure gas pipe
(15), it heat-exchanges with the liquid refrigerant flowing in the communication

liquid pipe (11) and thus the liquid refrigerant flowing in the communication liquid

25  pipe (11) is supercooled. This liquid refrigerant joins the liquid refrigerant from the
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refrigerant, it is mixed with the liquid refrigerant by liquid injection. Thus, it is
possible to prevent the degree of superheat of the gas refrigerant from being
excessively large in a compression process.
10 The behavior of refrigerant during the second air-heating/freezing operation
will be described based on a Mollier chart shown in Fig. 10.

A refrigerant is compressed to a point A by the inverter compressor (2A) and
the first non-inverter compressor (2B). A part of the refrigerant at the point A is
condensed by the indoor heat exchanger (41) to a point C1. The other part of the

15 refrigerant at the point A is condensed by the outdoor heat exchanger (4) to the point
C1, and then heat-exchanges with the gas refrigerant (refrigerant at a point G)
sucked into the inverter compressor (2A) and the first non-inverter compressor (2B)
during its flowing in the communication liquid pipe (11) in order to be supercooled
to a point C2.

20 The refrigerant at the point C1 joins the refrigerant at the point C2 and the
joined refrigerant is changed to a point C3. The pressure of a part of the refrigerant
at the point C3 is reduced to a point F by the cold-storage expansion valve (46).
Then, this refrigerant is evaporated at, e.g., -10°C and its state is changed to the point

G.
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expansion valves (52). Further, this refrigerant is evaporated at, e.g., -35°C and
sucked into the booster compressor (53) at a point I. The refrigerant compressed by
5  the booster compressor (53) to a point J joins the refrigerant from the cold-storage
heat exchanger (45) and the state of the joined refrigerant is changed to the point G.
The gas refrigerant at the point G heat-exchanges with the liquid refrigerant
at the point C1 to be superheated to a point K. The liquid refrigerant is supercooled
to the point C2. This gas refrigerant is mixed with a refrigerant obtained by reducing
10 the pressure of a part of the liquid refrigerant at the point C1 to the point L by the
electronic expansion valve (29) (by performing liquid injection), so that its state is
changed to a point M. Thereafter, the resultant gas refrigerant is sucked by the
inverter compressor (2A) and the first inverter compressor (2B).
By repeating such circulation during the second air-heating/freezing
15  operation, air-heating within a store is performed and the interiors of cold-storage
showcases and freezing showcases are cooled. At this time, the cooling ability
(amount of heat evaporated) for the cold-storage unit (1C) and the freezing unit (1D)
is not balanced with the air-heating ability (amount of heat condensed) for the indoor
unit (1B), and excess condensed heat is discharged outdoor by the outdoor heat
20 exchanger (4).
<Third Air-Heating/Freezing Operation>
The third air-heating/freezing operation is an operation with insufficient
air-heating ability in which during the first air-heating/freezing operation, the
air-heating ability for the indoor unit (1B) is insufficient. In accordance with the

25  third air-heating/freezing operation, as shown in Fig. 11, the inverter compressor
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<dE 110 compressor (2A), the first non-inverter compressor (2B) and the second non-inverter
5 compressor (2C) are driven. Further, the booster compressor (53) is also driven.

The third air-heating/freezing operation is performed when the air-heating
ability is insufficient in the first air-heating/freezing operation, i.e., is performed
when an amount of heat evaporated is insufficient. The third air-heating/freezing
operation is the same as the first air-heating/freezing operation except that the

10  opening of the outdoor expansion valve (26) is controlled and the second
non-inverter compressor (2C) is driven.

A refrigerant discharged from the inverter compressor (2A), the first
non-inverter compressor (2B) and the second non-inverter compressor (2C) flows
through the communication gas pipe (17) into the indoor heat exchanger (41) and

15 then is condensed therein, as in the first air-heating/freezing operation. The
condensed liquid refrigerant is branched from the second branch pipe (11b) into the
first branch pipe (11a) and the communication liquid pipe (11).
A part of the liquid refrigerant flowing in the first branch pipe (11a) flows in
the cold-storage heat exchanger (45) and is evaporated therein. The other part of the
20  liquid refrigerant flowing in the first branch pipe (11a) flows in the freezing heat
exchanger (51), is evaporated therein, and sucked into the booster compressor (53).
The gas refrigerant evaporated by the cold-storage heat exchanger (45) joins the gas
refrigerant discharged from the booster compressor (53) at the low-pressure gas pipe

(15), and the joined gas refrigerant returns to the inverter compressor (2A) and the

25  first non-inverter compressor (2B).
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selector valve (3B) into the suction pipe (6¢) for the second non-inverter compressor
(2C) and then returns to the second non-inverter compressor (2C).
The behavior of refrigerant during the third air-heating/freezing operation
10 will be described based on a Mollier chart shown in Fig. 12.

A refrigerant is compressed to a point A by the second non-inverter
compressor (2C). A refrigerant is compressed to a point B by the inverter
compressor (2A) and the first non-inverter compressor (2B). The refrigerant at the
point A joins the refrigerant at the point B, and the joined refrigerant is condensed to

15  apoint C1 by the indoor heat exchanger (41).

The pressure of a part of the refrigerant at the point C1 is reduced to a point
F by the cold-storage expansion valve (46). Then, this refrigerant is evaporated at,
e.g., -10°C and its state is changed to a point G. A part of the refrigerant at the point
C1 is sucked by the booster compressor (53). Thus, the pressure of this refrigerant

20  is reduced to a point H by the freezing expansion valve (52). This refrigerant is
evaporated at, e.g., -35°C and sucked into the booster compressor (53) at a point I,
The refrigerant compressed by the booster compressor (53) to a point J joins the
refrigerant from the cold-storage heat exchanger (45) and the state of the joined

refrigerant is changed to the point G.
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supercooled to the point C2. The gas refrigerant flowing in the low-pressure gas
5 pipe (15) is superheated to a point K.
The pressure of the refrigerant at the point C2 is reduced to a point D by the
outdoor expansion valve (26). This refrigerant is evaporated at, e.g., -5°C and
sucked to the second inverter compressor (2C) at a point E.
The gas refrigerant at the point K is mixed with a refrigerant obtained by
10 reducing the pressure of the liquid refrigerant at the point C2 to the point L by the
electronic expansion valve (29), so that its state is changed to a point M. Thereafter,
the resultant refrigerant at the point M is sucked by the inverter compressor (2A) and
the first inverter compressor (2B).
By repeating such circulation, air-heating within a store is performed and
15  the interiors of cold-storage showcases and freezing showcases are cooled, Namely,
the cooling ability (amount of heat evaporated) for the cold-storage unit (1C) and the
freezing unit (1D) is not balanced with the air-heating ability (amount of heat
condensed) for the indoor unit (1B), and insufficient evaporated heat is obtained
from the outdoor heat exchanger (4).
20  --Effects of Embodiment--
In accordance with this embodiment, the liquid line for
cold-storage/freezing channel and the liquid line for the air-conditioning channel
share one communication liquid pipe (11), and the communiecation liquid pipe (11) is

provided adjacent to the low-pressure gas pipe (15) serving as a gas line for the

25 cold-storage/freezing channel so as to contact it. Thus, a liquid refrigerant is
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Consequently, the differences in enthalpy between refrigerants at entrances/exits of

the respective application-side heat exchangers (41, 45, 51) become large, and a

5 decrease in refrigerating ability can be prevented even if pipes are long.

As liquid lines for a plurality of channels are integrated into one
communication liquid pipe (11), the total number of communication pipes is
reduced. Accordingly, work for connecting pipes is easily performed and the
possibility of connecting wrong pipes may be reduced.

10 Further, there is provided the liquid injection pipe (27) for supplying a part
of liquid refrigerant circulating in the refrigerant circuit (1E) to the suction sides of
the compression mechanisms (2D, 2E). Accordingly, even if the degree of superheat
of gas refrigerant at the suction side becomes large when a liquid refrigerant is
supercooled by the gas refrigerant, liquid injection can prevent the degree of

15  superheat of the refrigerant from being excessively large in a compression step.

The aluminum tape material (12) serving as a heat transfer material is wound
around the communication liquid pipe (11) and the low-pressure gas pipe (15) so that
the pipes (11, 15) are surrounded by the heat transfer material (12). Thus, a liquid
refrigerant can be reliably supercooled by a gas refrigerant through the heat transfer

20  material (12). In accordance with such a structure, a heat exchanger dedicated to
supercooling of liquid refrigerant is not required and thus the structure is not
complicated.

--Other Embodiments--

The present invention may be structured as follows with respect to the

25 above-described embodiment.
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Nevertheless, the present invention may be applied to apparatus having a
5 cold-storage/freezing channel and an air-conditioning channel dedicated to
'air-coo.ling or apparatus having a plurality of cold-storage/freezing channels. In
such cases, gas lines are not switched between a low-pressure side and a
high-pressure side in both of the channels. Thus, gas lines, as well as liquid lines,
may be integrated.

10 Specific structure of the application-side or the heat-source side may be
appropriately changed. Namely, in accordance with the present invention, the
structure only has to be such that a liquid refrigerant in a liquid side communication
pipe can be supercooled by a low-pressure gas refrigerant in a low-pressure gas side
communication pipe.

15

Industrial Applicability

As described above, the present invention is useful for a refrigerating

apparatus.
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10 (1E) share a liquid side communication pipe (11), and the liquid side communication
pipe (11) is provided adjacent to a low-pressure gas side communication pipe (15)
for a gas line of at least one channel so as to contact it.

2. A refrigerating apparatus which comprises a refrigerant circuit (1E) in
which compression mechanisms (2D, 2E), a heat-source side heat exchanger (4),

15 expansion mechanisms (26, 42, 46, 52) and application-side heat exchangers (41,
45, 51) are connected together, and in which the application-side heat exchangers
(45, ‘51') for a cold-storage/freezing channel and the application-side heat exchanger
(41) for an air-conditioning channel are connected in parallel to the compression
mechanism (2D, 2E) and the heat-source side heat exchanger (4) and the

20  compression mechanisms (2D, 2E) are configured so as to be capable of switching a
plurality of compressors (2A, 2B, 2C) between for the cold-storage/freezing channel
and for the air-conditioning channel,

wherein liquid lines for both of the channels share a liquid side

communication pipe (11), and the liquid side communication pipe (11) is provided
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adjacent to a low-pressure gas side communication pipe (15) for a gas line in the
cold-storage/freezing channel so as to contact it.

3. The refrigerating apparatus of claim 1 or 2 further comprising a liquid
injection pipe (27) for supplying a part of liquid refrigerant circulating in the
refrigerant circuit (1E) to suction sides of the compression mechanisms (2D, 2E).

4. The refrigerating apparatus of claim 1 or 2, wherein the liquid side
communication pipe (11) and the low-pressure gas side communication pipe (15)
which are disposed adjacent to each other are surrounded by a heat transfer material
(12).

5. The refrigerating apparatus of claim 4, wherein an aluminum tape
material (12) is wound, as a heat transfer material, around the liquid side

communication pipe (11) and the low-pressure gas side communication pipe (15).



