1 DESCRI PTI ON REFRI GERATI NG APPARATUS 27 January 2006 5 Technical Field
The present invention relates to a refrigerating apparatus, and in
particular to, a refrigerating apparatius which has appIZiTOENU@ﬁ‘ 3PB@ heat
exchangers for a plurality of channels as col d-storage/freezing and
air-condi tioning heat exchangers. 10 Background Art Refrigerating

appar atuses which performa refrigerating cycle are conventionally known.
The refrigerating apparatuses ar DRSCRIPTIONI zed as an air-conditioning
machi ne for performng air-cooling/heating in a roomor a cooling nachine
such as a refrigerator for storing foods. Anong the refrigerating 15
apparatuses, there is a refrigerating apparatus which perforns

air-conditioning and col ' ' osed in Japanese Patent
Application Laid-Open (JP%FWE?I%%@E&R%M| s type of
refrigerating apparatus, application-side heat exchangers provided in
application-side units including cold-storage/freezing showases and an 20
air-conditioning indoor machine are connected in parallel to a heat-source
si deSheat exchanger in a heat - souFeshm¢aldighl t i nstalled outdoor by liquid
si de communi cation pipes and gas side conmuni cation pipes, respectively.
Thi s refri ger ahepreappanvenion rslatehist atdfdgerating agparatus; and empaticelagtar e and
the like . By installing one refrigerating apparatus, air-conditioning
Wit hi n a sifigerating appatatingwhivh scepphsaionssidelirat dxhprgdreforslpluzal2ty ofanuary
2006 --Problens to be Sol ved- '

channels as cold-storage/freezing and air-conditioning heat exchangers.

10 Background Art
Refrigerating apparatuses which perform a refrigerating cycle are
conventionally known. The refrigerating apparatuses are widely utilized as an
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 whi;h 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 éir-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.



In accordance with the refrigerating apparatus, conmunication pipes having
di aneters dependi ng on the anount of refrigerant circul%%ﬁgiand their

| engt hs are selected. Neverthel ess, wden the | ength of Wﬂﬁﬁé309§
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 channels,
i.e., a-d@w@ksnbhageﬁkﬁwmh+ng channel and an air-conditioning channel. Two
conmuni cation pipes are used for a liquid line and a gas line, respectively
and 10 thus tHe aeeohincevith firsrefégearating lappaatus\\6snfudic4RiMSipes Aviagch
pipes is conplicated and the pi pes may be connected in a wong nannér. The

present digwiertd %Fmﬁngeaheh&p@ﬂohﬂt H'i‘%‘fr&ge_ra%ﬂc&rd?ﬂ&%eiﬁ’ th%{}dleﬁgﬁ&bir%ct of
the present-invention s to inprove workability of connecting pFpes and to

! . . S i f | h of ,th
prevent sefbcHef 8IS ChhLARELOn b plots VSR et IEpk angleRl de

pi pes becones long I'n a1 | ge arat’us™ |
onnect.ed tQ a goppressi on nmechani sm

appl Lcatd on: si de. heat, exchangers are Q

and & ndat 1Bg PRSPt DREieT JARantut 1S 4 Je5aesatinR 4BBnaan OF rasily
accordance with the present invention, a plurality of liquid lines are 20
i nt egratdéarqaﬁ? a liquid side conmunication pipe. The liquid side

conmmuni cation pipe is disposed adjacent to a | ow pressure gas side
communi cat i on Ipitperefugeeatiggapparsus @ rafrigerantcantudics confighedasar asstoltiaye a
liquid refrigerant can heat-exchange with a gas refrigerant to be

super cotecthayntlsgi.gas cellirstgrpaifteeaing titnaeChndan %irdeoncﬁﬁeﬁiingi dhahhy, 1N
accordance with a first invention, it is presupposed to provide 25 a

refri germyé BEmanpAsaRidiSpIRE Ghe OIPfJr SERqAdMIBTe AriPA 384 1iGkT fldpbctlvh) ahd Whi ch
3 27 January 2006 conpression nechani snms (2D, 2E); "a heat-source st de heat

ﬁég?@ggg %SE] g%t? Sﬁwsggtbi%éﬁe%gﬁgﬁl@maﬂg@’ Work 46r dnhe@iith 3BBL ' Hpkd qp-si de
complicated and the pipes may be connected in a wrong manner.
’fhe present invention was developed in view of such problems, and an object
of the present invention is to improve workability of connecting pipes and to prevent
a decrease in refrigerating ability even if the length of the pipes becomes long in a

15 refrigerating apparatus in which a plurality of application-side heat exchangers are

connected to a compression mechanism and a heat-source side heat exchanger.

Disclosure of Invention
In accordance with the present invention, a plurality of liquid lines are
20  integrated into a liquid side communication pipe. The liquid side communication pipe
is disposed adjacent to a low-pressure gas side communication pipe for a gas line so as
to contact it. As a result, a liquid refrigerant can heat-exchange with a gas refrigerant
to be supercooled by the gas refrigerant at the suction side.
Specifically, in accordance with a first invention, it is presupposed to provide

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




connected together, and in which the application-side heat exchangers (41,
45, 51) for a plurality of channels are connected in pg&ko to t he
conpressi on nechanisns 5 (2D, 2E) and3the heat-source NYaBY 28R8 hanger
(4). In the refrigerating apparatus, liquid |lines for the plurality of
channels in the refrigerant circuit (1E) share a liquid side conmmunication
pipe (11), and the liquid side comunication pipe (11) is provided

adj acentotnpressiammechssisms (@B 2F) dehe st ey s1aé hoat dxchendetH), fe%aﬁ‘s@ﬁs l'ine
of at |east one channel so as to contact it. 10 In accordance wWith t

first | mehhhidhs @6, o2, Iaersemtana%pshewmfsm i{dal Q?(E‘hfr&err F;Ii Qﬁ%lt) IJC“' t

(1E) by bei ng branched into a plurality of channe and I n

I t I d
the o aenftfe %I‘%ﬁr I'ém‘iﬁl?ﬁ‘tfa%épﬁh“a%t?ﬁa* ool BREAER IR B 3,2
As the I | q

fI §{ I cation ? g %,%%1 OVI ded adj acent to the

| ow pre Lot B'Ya ys?%‘é af‘:‘)le o fPRREYeE AR B le(lig ?B‘Pmar“gj‘a@ﬂl mgehadisms | east
one cha o ,contact it, a id refrigerant flowing in the

| i qu§d %elﬁbﬁﬁ@ﬁfl%?%wweed@ﬂw ﬁé&l’m@%& kdhges with a refrigerant
flowng in the | owpressure gas side communication pipe (15) so as to be

super cool ed. Imtheceérigentiogwppharaus diquidilines frtthe plurilityi of ¢apaskpesis t o
provide a 20 refrigerating apparatus which conprises a refrigerant circuit

(1E) i nrefhigehant cirgnite@®)arhare a Hapis @ﬁie(éﬂﬁnmﬂﬁi)cati@ngﬁgé (IS?U RAg thé Aguieat
exchanger (4), expansion nechanisns (26, 42, 46 and application-side

heat exgiffengsmmulidatioAd pipel (18 & provHacgt aéé?ﬂeltohﬁrlguﬁpgersg@rey"ghgll&ehe

appl i cati on-si de heat exchangers 45, 51) for a caol reezi ng

channel c&ﬂ%xﬁh@at?&ﬁgl ?onsé &s nﬁﬁtog% ?&%{‘8}?% ¢ e?n eéfsq(P) rﬁg?% 8%}21&;}-[ on

air-conditioni ng c re connec In para

exclinger ?4)2fﬂa%§5§‘f’ﬁé>f 200&* @eDﬁw%Eﬁ%eﬁgqﬁ araetiapians Crulatoh P &d so as
to be _ C?ﬁ‘alglerea fcxr%mtt((i% b?r bengg g;a%lclhg 1nto a plurality of channels. On the other
hand, in a liquid line, refrigerants from the plurality of channels are joined and the
joined 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 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) sor

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, §1) are
connected together, and in which the application-side heat exchangers (45, 51) fora

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




conpressors (2A, 2B, 2C) between for the col d-storage/freezing channel and
for the air-conditioning channel. 5 In accordance wt hzﬂ s ref éé%rati ng
apparatus, liquid lines for both of the channels share %”&aﬂe e
comuni cation pipe (11), and the liquid side communication pipe (11) is
provi ded adjacent to a | ow pressure gas side comunication pipe (15) for a
gas line in the cold-storage/freezing channel so as to contact it. 10 In
accordanep,"2Eh akd: thechedt-souvedtsion, haat r efchaggerand) i andcithe utahp@ssiont he
refrigerant circuit (1E) by branched into the col d-storage/freezing channel
and t he L1 (41h OB} E@,m@{ I I HRW 1S fid ants
join anci-n ﬁ%nj?%?ﬁ(ta%m’ ?E? rgirég;eran IF Fg\?/sa%ith b%;ﬁ;%laPhéﬁsxg{tglgﬁgg%ﬁlég%n

pi pe (11). t A O4d, &4 ' 110, ' ' ' j acent
o't he 1593 alol (LA JLb" 28) u oy theBblaoPlddRrdcnpig barblef hd 861 B 20

t he col d-.storage/freezi ng,channel so as to contact it, a liquid

refri ger%?o?‘ﬁg\ﬁnﬁbg Fﬁf“l"%é | i quid side comunication pipe (11)

heat - exchanges with a refrjigerant flowing in the | ow pressure gas side
conmini cat i on Ipigseordemee vpithh this refIgRrating apRamiuse Jigy linghfen bath ofsheo be
supercool ed. 20 In accordance with a third invention, the refrigerating
appar at whaofiels hehdrer 8t liqoid sedonebmmuoination pipe Hal).cangr theediquid i ided

i njection pipe (27) for supplying a part of liquid refrigerant circulating
in the remimgeicationCipipai (11) 15 proviiedt iadjacshtlet® af lowhgresaurpr gasi side
mechani snms (2D, 2E). I n accordance with the third invention, when the

liquid refth@Ricaibnipipe £P5)SeP e &AURAnKe CHRI-GR%ag2frebARE 3Rhnsmdl sbhg tsuct i on
side, the gas refrigerant is 5 27 January 2006 superheated. Even if a gas

refri ger ant cg/i-{h a |large degree of superheat is sucked by the conpression
mechani s1s 3( I5,' 2E), it is possible to prevent the degree of

10 In accordance with the second invention, a refrigerant is circulated in the
refrigerant circuit (1E) by branched into the cold-storage/freezing channel and the
air-conditioning channel. In a liquid line, branched refrigerants join and the joined
refﬂgerant 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



super heat from bei ng excessively large by performng liquid injection. In
accordance with a fourth invention, in the refrigerati n% ﬁf) ar at é f the

5 first or second invention, the liquifl side conmunicati 8 %ﬁ“ﬁéy% Q§ and
the | ow pressure gas side comunication pipe (15 which are disposed

adj acent to each other are surrounded by a heat transfer material (12). In
accordance with a fifth invention, in the refrigerating apparatus of the
fourth iSHpedepsd, Rremifimgasneitiggennwithra birg¢ d2greeofsupadeanis suchedb
transfer 10 material, around the liquid side conmunication pipe (11) and
the | owtie esmpresgias mstltmionsm@2b,Cc2E),0n Bi possidle) to bfevaE AheafieedVgrh t he
fourth and fifth inventions, a liquid refrigerant is efficiently

super coghgsthbyt fofRbeingfdxicasyiAdlly laﬁgéwpéﬁﬁf&lﬂ%aﬁigﬁ i je%i%ﬂ,e heat transfer
| .

material (12) such as, e.g., an”al um fdumtape --Effects- In

oo narace, ot 18 ablérdahts witty P04 Rovedy Bl B the Feb8larfhaPaphialyss or the

channels in the refrigerant circu
ipe (11) is

co ni i i (11 and the.. |ligui.d side copmuni cation

pr gT\Ily degl?%[dj%gcgén@%tdo 1?%1%1”06\7% edigl %&% CUMPUMGIHIIn PRA i(i‘)E) pinde thes) for
a gas line of at |east, one channel so as to.contact it 20 in order to
super cofIWPTEINE §3% sideico@mmuricalion pipes (19 whigh asmdispasadsadjacandto egelr ant
havi ng |L.ower enthal py can be supplied to the application-side heat
exchang@ther @ga surragndet by arheat thansfer ezaterial €129. di ff er ence in ent hal py
between refrigerants at entrances/exits for the application-side heat

exchangers (4In ad&ordadge badoaedfth dgentionridl the defri@Rs@ng App&lati I6F atd N9
ability can be prevented even if pipes are long. 6 27 January 2006 As

liquid Fduiels ifeéntior)! A allidineh 6P NAMesiafl(T2) I pt lpgui d
si de cormunilcatril on liquid pipe (?1), teh(f:l t(gtzéalqE ?ﬁ%‘gd%sf chger??nr}g?l%:sg?'?on

Biefﬁr @(jat%rﬁ%??ﬁ%nd%ﬁq;(ﬂiiﬂ%d'e caﬂ&lﬁni&ri:ioﬁoﬂggc(ﬂfgmp itlpeelsoui/-?)rgs%&irel as
side ‘)c.:ommunication pipe (15).

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 the 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, 51) becomes large,

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




possibility of connecting wong pipes is reduced. Nanely, workability for

piping is 5 inproved. In accordance with the second in on
refrigerant circuit (1E) having the c®l d-st orage/freezéZQ’t @HQFVn%‘?Oé\nd t he

air-conditioning channel, a joined liquid refrigerant fromboth of the
channel's is supercool ed by a sucked gas refrigerant for the

col d-storage/ freezi ngl channel . A decrease in abjility can be 10 prevented
and the wor kaiis iigyidilinesgiopiarjurakity 9€ chamedy aee mrffgrtIWél igtpsenegfiquideside
apparatus having the col d-storage/freezing channel and the air-conditioning
channel comemariastdy, liguidi peet i(bh), t thet tatak eumbger ahtcommunicatidmtpages ssf i xed
in the cold-storage/freezing channel and a gas line is not sw tched

bet ween rédiged! s A @088ingdy, d&opldol honabelingpipedies ehsicprpdirfogined &8 the

| ow pressure gas side conmuni cation 15 pipe (15) for the

col d- St g agig g‘?ﬁ‘zdo'ﬁﬂe{%ﬂ‘ﬁé‘aﬁbn%gfbe%h?récﬁic%dNdn’i’élgdwﬁfl@a%lh GOBBiAgGS On

pi pe ( oth of the cha I's can be easily provided adjacent to each
otheg @g &n%dconnunlcatlon pipe (17) in a gas line for the
ai r-con Plonlng channel is not provided adjacent to the I|qU|d si de

conmuni cati on n anl ured, sq a

ai r-cool i ng/ aF'lE) aﬁéa 41%%?“%%&%085 df‘?"é ‘i“bn’é‘ ﬁ?? Wflf’(gﬁ nﬁd’”éf’“r‘%ﬂ?berant
circulates. In accordance with the third invention, there is provi ded t he
l'i qui d |hny1@@tqh@r901¢nspfyagz/fyeeﬁmg chanpelanthe wwnwlqmlwp@wf r4 ipaneth
circulating in the refrigerant <circuit (1E) to the suction sides of the
conpr esdiqoid mefifigenastsfr¢@DpotERS fheushanmelens i fuparabededdyoh sugedhgats of
the gas refrigerant at the suction side becones |arge 25 when a liquid

refri geréffigerants G g Wobdl sty agdIfregainigr elidnngbr Andeéreaddhen sabilityorafible, 7 27
January 2006 performing liquid injection can prevent the degree of

supgpheglbefen®dd RadNthe %%@omsplfar Eﬂﬁﬁg ddh Be GRIPREESET AR NeOERRSof Afe @
resul t, "because of structures of irst and second i nventions, a

refriger, gg&ﬂ%@ﬂﬁﬁh@gﬁéf&ﬂ 3Bt E&/@e&?ﬁgﬁ&nef‘ ﬁctl1¥1o{nf‘ngsémlhgfsed

while a crease I'n Ity 1s-preven can %e Fel |abb

separately, a direction that a refrigerant is circulated is fixed in the
cold-storage/freezing channel and a gas line is not switched between the discharge
side and the 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 communicaﬁon 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 to practical use. In accordance with the fourth invention, the liquid
side communi cation pipe (11) and the | ow pressure gas side conmuni cation
pi pe (15) are surrounded by the heat ransfer material 2( ¥2puapc2@@i ngl vy,
a liquid refrigerant can be reliably supercooled by a gas refrigerant via
the heat transfer material (12). Further, a heat 10 exchanger dedicated to
supercooling of a liquid refrigerant is not required and thus the

st ruct uPgfeaming lgwidomestion «@n preveat oth¢adesresi ofi superlsat t froim\beig on,
the alum numtape material (12) is wound, as a heat transfer material,
around eheeshivgly thrge drea compuessoat prawegs. pAs arigult, bedatideco s Brtcii @S Dfk e 9as
side communi cati on pipe (15). Thus, supercooling of a 15 l.iquid refrigerant
by a Iommreﬁ@weeogasmvehﬁbﬁ@,ranfetﬁg_@rd@ﬂlgF%bhia@@s b @Rich<Lr QEELKe § P! e
structure. Brief Description of Drawmngs Fig. 1 is a refrigerant circuit

di agra 1 [ i hAag ; odi t _of the
pr egent P rBIf I ApRs QAR dicradelih BN it revet AL BB B8 ng ' ne

operat i . ir-cooling operation. Fig. 3 is a refrigerant circuit
di agfam&ﬁrlggg@a‘ﬁaehg the operation of a freezing operation. 8 27 January
diagramillustrating the operation of

2006 Fig. 4 is a refrigerant cjrcyit ust, | ¢
afirst air- ﬁoﬁéﬁmgé@%%%é pyeption;the liguidside gpmmusicetien pipe
illustrating the behavior of a refrigerant at the time of the first
ai r - codllilhgnd the dpwoprspriratgas sidescqmmunicationapipe f(l S)yareaswrraindediltty dieagr am
il lustrating the operation of a second air-cooling/freezing operation.
heat transfer material (12). Accordingly, a liquid refrigerant can be reliably
supercooled by a gas refrigerant via the heat transfer material (12). Further, a heat
10 exchanger dedicated to supercooling of a liquid refrigerant is not required and thus
the structure cannot be complicated.
In accordance with the fifth invention, the 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). Thus, supercooling of a

15 liquid refrigerant by a low-pressure gas refrigerant 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.




Fig. 7 is arefrigerant circuit diagramillustrating the operation of an
air-heating operation. Fig. 8 is a refrigerant circuit ?J{g%m%]ylid trating
the operation of a first 10 air-heati®hg/freezing opera . FI’d is a
refrigerant circuit diagramillustrating the operation of a second
air-heating/freezing operation. Fig. 10 is a Mllier chart illustrating the
behavior of a refrigerant at the time of the second air-heating/fteezing
operation. 15Fig.gd idh refrigerast rdigsatitadiagkam dllpstrafing thgoperagon, gf'ar%rsf he
operation of a third air-heating/freezing operation. Fig. 12 is a Mt her
chart i bjrusddiate/figediig opefuieinor of a refrigerant at the time of the third
air-heating/freezing operation. 20 Best Mdde for Carrying Qut the Invention

An_enbodi ment F‘?% dé he MoARSHhattNET Aty thelbehbeiodef e réfbigerim atigteditme of
her ei nafter bas on the drawings. As shown in Fig. 1, a refrigerating

apparatuys (1) relati 4 Di iment is installed at conveni ence
stores gl?ﬁjﬁf% ngﬁélgr%qgr%%lggn@goo Ing of cold-storage 25 showcases and
freezi ng showcases .and air-cool.in ' ' t : ry
20065 The ref r Fg@r ét‘-’f Ad egﬁfé?%tt ﬂgcy.%51{5%2%&@%%@?%%%“%?5? Tg\)og Easr%%?ﬁ%ioor
unit (1B), a cold-storage unit (1C) and a freezing unit (1D), and

conpri sei-eoolufg/frgeziagtoPerdtiodui t (1E) performing a vapor-conpression
refrigerating cycle. The refrigerant, circuit_(1E).is Erovi ded with a first
channel side ®igcdi s faorefrigetanst oirewje/ dirgwm JHustrating 4he LRFEHFUhMHNBR side
circuit for air-conditioning. The refrigerant circuit (1E) is configured
so as tQjReANg §p@dtibet ween an air-cooling cycle and an air-heating

cycl e.

N

Fig. 8 is a refrigerant circuit diagram illustrating the operation of a first

10  air-heating/freezing operation.
Fig. 9 is a refrigerant circui'; diagram illustrating the operation of a second
air-heating/freezing operation.
Fig. 10 is a Mollier chart illustrating the behavior of a refrigerant at the time
of the second air-heating/freezing operation.
15 .7 Fig. 11 is a refrigerant circuit diagram illustrating the operation of a third
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 @ambodiment of the present invention will be described in detail
hereinafter based on the drawings.
As shown in Fig. 1, # 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.



The indoor unit (1B) is configured to performan air-cooling operation and
an air-heating operation by sw tching such operations .S | ed at,
e.g., 10 sal esroons. The cold-storage @unit (1C) is i nsfgfr%ﬁ“%'&sé(ﬂjé

col d-storage showcases to cool air within the showases. The freezing unit
(1D) is installed at freezing showcases to cool air within the showases.
Al t hough only one indoor unit (1B), one cold-storage unit (1C) and one
freezi ng unit The Defrageratinganpasated (Lh haneans pytdoer unfio(1Ahdsoindadriwnit 1B)
ei ght cold-storage units (1C) and one freezing unit (1D) are 15 connected

i n t hi s(EB)adisTeNtoraguintio@C)Unid # fiBeeinguindo (XD)rintl dotupyrises mprefisgeraah
I nverter conpressor (2A) serving as a first conpressor, a first

non-invefteh G e‘?ﬁ%in%?ﬂB}!a}ﬁﬁ{U@ﬂﬁre@ﬁoﬂ 126G EAd ing WYRIES The mifidgéragecond
non-i nverter ‘conpressor (2C) serving as a third 20 conpressor. Further, the

out door CH"E‘:%‘}‘ é(i:%ﬁs Rclr%qpcféds\g@yﬁ %S% El?ar g@%’ﬁd%%eﬁﬁ|f89&&ﬂ-s¥@ﬂa‘é@/fré%§g ai®d second

f our - way al've ( our-way sel ector valve and an

out door heat exchanger.  (4) serying as_ga.heat-s | . nger .
Bachs of *rREoRE SRR Nt PrsiitAgr BicfSndigite ganeaenfidtiny GRbuFIEREY

hi gh- pressure done scroll c_ongr ;sor. The i nverter conpressor é)ﬁA%l s a 25
conpr es senfigizrednp as Jarbeapyic %fg EFVSEn AN AE-EPolne SYeletid apdiishedting
controlled by an 10 27 January 2006 inverter such that the capacity is

vari ed cpelei nuously or stepwi se. The first non-inverter conpressor (2B)
and the second non-inverter conpressor (2C) are conpressors having a

const ant capaqihk)niidomiic i1 Bpist@digired totperform al aleesoting \operatin andcert ai n
revolution. 5 The inverter conpressor (2A), the first non-inverter

CONMPr eSSQr it AR4tiAR bopdrhi§os O RFitRANTd BYEH lopler AT A5b ¢ ifRB)ed ANStig. Ut
conpression nechanisns (2D, © 2E) for the refrigerating apparatus (1). The
conpg es%Jil%grorg;r?@ari'ih%msolg-?spcraég)uﬁtr £1C) is installed at cold-storage showcases to
cool air within the showcases. The freezing unit (1D) is installed at freezing
showcases to cool air within the showcases. Although on!y one indoor unit (1B), one
cold-storage unit (1C) and one freezing unit (1D) are illustrated in the figure, two
indoor units (1B), eight cold-storage units (1C) and one freezing unit (1D) are
15 connected in this embodiment.
<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
compréssor 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




configured by a conpression nmechanism (2D) for the first channel and a
conpressi on nmechani sm (2E) for the second channel. Specificall '
accordance 10 with the conpression nethani sms (2D, 2E),bz&?PHa&o%%¢bation,
there are provided a case in which the inverter conpressor (2A) and the
first non-inverter conpressor (2B) constitute the conpression nechanism
(2D) for the first channel and the secaond non-inverter conpressor, (20
const i tinvester hmchothat cthsi espastyn &hivaried 2egntimyoushye or sHEBWES e hahhfefiréhd a
case in which the inverter conpressor (2A) constitutes the 15 conpression
mechani sep-{RRrtdrocomprestor $2BY radnthle sevdnt o r-inverten crpmpressare(2C)carepr essor
(2B) and the second non-inverter conpressor (2C) constitute the

conpr eSé&rﬁBrd@@ﬁ@Fﬂﬁﬁ% & Zbhsthat cipueityaacskich hargledtrichaowiryis aivraysairizen
inverter conpressor (2A) is used for the first channel side circuit for

col d- st gr agelfeezbidiongNd the second non-inverter conpressor (2C) is used
for the"second channel side 20 circuit for air conditioning in a fixed

manner, the first. _non-inve C . S

swi tthed betmif ﬁ‘P‘é“r‘t?'h‘é"‘*lﬁegg‘“cmgﬁgg{rét(eg@'r‘%‘beﬁeqa‘ﬁ’g“}?ﬁg? th@h)g@&nd
channel side circuit. Di scharge Bi Efé gSa .5b, 5c¢) far the .above- cri bed
i nver t ebhecssEpRE SOFrinveEtes compESssPT L4C), 5ANSttYtE GAPTEesHP JeedRnssE (X ¢ he
second non-inverter conpressor 25 (2C) are connected to a high-pressure
gas pi peE} dosdiexefidgerapiap apgpratan ) h qqo@Freﬁélﬁ@dF%WWﬁ[HﬂLbﬁbé@ure gas
pipe (8) is connected to a port of the first four-way selector valve (3A).
The di scomfigierefi bg @Skopmipoessidre miecksanison{2DY efor ethec dinst eclwane( 284 and t he
di scharge pipe (5c) for the second non-inverter conpressor (2C) are

respect ¥@bYessRiOiie6Rghivint (28 forabk seedndecahhel. 5 Specificaliydin ecubrpmidel on of
t he outdoor heat exchanger (4) is connected to a port of the first

o b e e o s
liquid case in which 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 channel and a case in which the inverter compressor (2A) constitutes the
15 compression mechanism (2D) for the first channel and the first non-inverter
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 (5a, Sb, 5c¢) 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




pi pe (10) serving as a liquid line. Areceiver (14) is provided in the half

way of the |liquid pipe (10). The other end of the |iqui | pe
connected to a 10 conmunication |iquild pipe (liquid si 3&‘&%\% Qé@l on

pi pe) (11). The outdoor heat exchanger (4) is, e.g., a fin-and-tube heat
exchanger of «cross-fin type, and an outdoor fan (4F) serving as a heat
source fan is disposed so as to be adjacent to the exchanger (4).

Connect ¢dgh-presspor gas pipet(Bis cormtectedlro-anprt o€ Hectint four -my(sebe)ctmsvdve 15
comuni cation gas pipe (17). A port for the first four-way sel ector valve

(3A) is@aAPNNERd eachﬂga FIBE ((5hP ot fie fiptano-invertenapmpetssot (2BY ahdahé 3B) by
a connecting pipe A port for the second four-way sel ector valve (3B)

i s conngg Gﬂ?&%ﬁ)ptﬁé gSéi'i%Fh Y8cPidPRok 59‘)erf&rcédi'ﬁe§ﬁﬁo(ﬁt]1%td§ﬁ@dﬂm

corrpressor aUXI rary gas pipe (19 A port for the second

four- V\a?b(gfs)lei]ld Eﬁl@é\é%&%g}ﬁ&g@e 7§ connected to a 20 suction pipe (6¢) for the

second ssor '(2C). A port for the second four-way

Four Suay Sl et 8FS Nidevesd YOSt UG cutf @a‘i&%‘)émgee?a@? VeotE iR o1

four-way selector valve (3A) is confi ured as to be swtched bet yeen a
first stpareof bhedirshiousoraxiseleos valy aq wtﬂﬂ%ﬁa%mer(?bh BRe&AEt e gas
pi pe 25 (8) communicates with the out door gas pipe (9) and the connectl ng
pi pe (18) alldpdd sidmemd podiocof theneutidoon beat wxehanges (dbitnend end pHa ligasd pi pe
(17) and a second state (see the broken lines in Fig. 1) in which the

hi gh- pr ?Iw(m)g@magm@ a(18juiddimainAaatesemildh is prvidedinithedat§ way gdshpi pe
(17) an t he connecting pipe (18) communicates with the outdoor gas pipe

(9. gfh%bete@,g@d(ﬁﬁur “PRY iRk Enar oif%vehéuﬁﬁ) pige Q0] iiguE@thesedasot®p be

swi tche en‘a’first state (see the solid l'ines in Fig. 1) in which

e 8 RSB A SOV ppcap e @age o anc, e
second non-i nVI%ret g&tdggr ga?tsg)?ghaglgeg (t?)nlds, ae.gs.,e %c}ll]n-anntiﬁﬁge heat exchanger of
cross-fin type, and an outdoor fan (4F) serving as a heat source fan is disposed so as
to be adjacent to the exchanger (4).
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)



(see the broken lines in Fig. 1) in which the auxiliary gas pipe (19)
comuni cates 10 with the connecting pipe (18) and the suction pi (6¢)
communi cates with the «closed port. Al3uction pipe (6a)ﬁt‘11"‘mt' ﬁﬁr@erter
conpressor (2A) is connected to a |owpressure gas pipe (low pressure gas
si de communi cation pipe) (15) for the first channel side circuit. The
suction pipe (6¢) for the second non-inverter conpressor 15 (22 IS

connect gemwivitdtes fwitls thandusecunationmgas wage {bT)eande sagopdstitgAseathe t o t he
| ow- pressure gas pipe for the second channel side circuit (the i

communi gadeaN; S&Sin Pigha) (i Ayhieh thBdigh+peksouregges pippe(8] epmmunisates math pi pe
(6b) for the first non-inverter conpressor (2B) is connected via the third
four-way, s ¢ v $ehh&eih r(189 chhemsilciteowith pe
(6a) fo?/het ﬁéé'%ﬁlu\?)éﬁ{g%n %%ngﬁeesggr)t&?ggsand theglg%es(uc?i on pipe (6¢) for the
second non-inverter _co essor (2C). Specifically, connected to the suction
pi pe (6&)¢ PUOPRERT ngp{yér conpressor (2A) is a branch pipe (6d), and

connected to the suctjgn pipe c) for t S.ec on- | essor
(2051 s a braids ssrord (eurmEstlegton e (B e i i, BY R bE BRI 22
(6a) for the inverter conpressor (2A) is conne Icglgtl via the check v bve 25
(7) to hetweeta Pratstatplgeerthe sphid lings iyFigo &) Inahichdhe ey ‘%&E%P‘(Pﬁg.)me
suction pipe 13 27 January 2006 (6b) for the first non-inverter conpressor
(2B) i s conmneditas witlatieeclosat! ponttand pizg connecting @iph(F&) cosRUNSHIEs J1EEt or
valve (3Q The branch pipe (6e) fromthe suction pipe (6¢) for the second

non- i NVek¢ Rt MpeI66y for 263 sécondamnmeiivertertampiessah@€l andlasgcondjtate a
third port (P3) for the third four-way selector valve (3C). Further,

connect E(gquthteom%kteﬂqme? Zigg;ig. ]gf’flr) whikh tHeeauulisg §aupipeai9p ebmatumicates ve

(30 is‘a branch pipe roma gas vent pipe (28) fromthe receiver

(14) ,to wbl‘gr,l ﬂﬁéfc{gﬁ?g&gﬁ?@ﬁ? éiefﬁ aﬁ@q}ag sukbl §ip'(8Y) deshmihitdies Wianehe pi pes

(6d,106e) nt flowtoward the " third four-way sel ector

alve (3Q).
vary (c?c))sed port.

A suction pipe (6a) for the inverter compressor (2A) is connected to a
low-pressure gas pipe (low-pressure gas side communication pipe) (15) for the first
channel side circuit. The suction pipe (6¢) for the second non-inverter compressor

15 (2C) is connected via the first and second four-way selector valves (3A, 3B) to the
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 connected 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



The third four-way selector valve (3C) is configured so as to be sw tched
10 between a first state (see the solid lines in the figure) in which the
first port (Pl) communicates with thel3econd port (P2) dhdanuarv2(3G6d port
(P3) conmunicates with the fourth port (N) and a second state (see the
broken Iines in the figure) in which the first port (Pl) communicates with
the fourth port (N) and the second port (P2) comrunicates with the third
port (P3febhior thetifst soRainyerter prropressor €8) iSconnechel fi gecond $our @2asr pi pe
(8) and the outdoor gas pipe (9) constitute a high-pressure gas line (IL)
at the ttheethitd foairrwayostleomropbra(ICN. THObratichPIpE Poe)PirRSthe Fctigh pif) -
the hi gh-pressure gas pipe (8) and the comrunication gas pipe (175p

consti t u{ee)doh kl@ﬂﬁswoﬁﬂ%ﬁrﬁirﬁ@te'ricﬂﬁp(r%)r ch ri‘?ﬁ&ﬁﬂg?:t?tf v {h_fg%%%fsgrglv(% a,

operation. The | ow pressure gas pipe (15) and the suction

6b) for 80 QAR ' \ D rLithe fihrs hannel constitute a
first | oa)p?essu??gﬂaﬁ)?ﬁgn(é%wfﬁgkg cn%%fﬁ?%ra‘{aih&bg@sa%rﬁéer( 4onnegied t he
suct ion | 6 ssion chani sm ( for the second

chan ns(e)l tcogdng’sllrghu‘? aert gﬂi} ;(‘)(J\?ﬁld‘rg Q{S}E{J PgXRY PRIRErOr ¥ R&vea(t%a) &2 branehgripe (i8a)
air-cooling operation. T tdoor gas pipe (9) and the suction pipe (6c)
const i tuﬁr 891aa Ig%/-vﬁ?teg%r&%éggmpitﬁé r?mwgt (fﬂéothws%lbsﬂ latee. &Fhe dheaki ng
operation. The communication gas pi¢pe (17) is switched to be 14 27 January
2006 hi gfflpeereyrdedpnthe brand pipee (§dyhe) aowamdy gaefrigerenthipe notvag) 108
operational states. The |ow pressure gas pipe (15) is always a

| ow pr esthindefoyaravdyi sedectbevabver@)i gerant  flows therethrough regardl ess of
t he operational states. The conmunication liquid pipe (11), the

communi cat i on Tasthifd ourlwhy aBkctdr v419e ??%3 P¢ BSefifGreddd M 1?)28% IpdechL

ext ended outside fromthe outdoor unit Stop~ val ves are provided

wi thion  tdeeweed daRfst Wiith é%e“?ches%lf%lsliﬁé’s ﬁPMeeﬁE.?&j iﬁ%lﬁ%% % %rgteﬁ%ﬁ@& ed to

auxiliary liquid pipe ( or bypassi ng the“recelver

?rgien: ;q;bitoijmﬂﬁiﬁ%a‘ejs%ith thd ?écroing%ro?mPi)l z?n\ﬁsthie thtrg %o?tuéis'l)ic%rn}/mllui]i%gtieg wpi’ichpe (23)
the fourth port (P4) and a second state (see the broken lines in the figure) in which
the ﬁrst port (P1) communicates with the fourth port (P4) and the second port (P2)
cornn;unicates with the third port (P3).

15 The discharge pipes (Sa, 5b, 5c), the high-pressure gas pipe (8) and the
outdoor gas pipe (9) constitute a high-pressure gas line (1L) at the time of
lair-cooling operation. The discharge pipes (5a, 5b, S¢), 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 (1M). 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 (6c) 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




10 the tine of air-heating. The auxiliary liquid pipe (25) is provided with
an outdoor expansion valve (26) serving as an expansi o chani The
check valve (7) allowing only a ref rifer ant fIOM/tomarg gﬁ@“?@' r (14)
is provided on the liquid pipe (10) between the outdoor heat exchanger (4)
and the receiver (14). The check valve (7) is placed between a connecting

point with the auxiliary Ii 25) .and, 15 .the receiver 4) on the
|i qui d pighepiesoyre gasding E]'iﬁl%u] B é?si‘é)r%’ %lﬁ}eaqftﬂ?élgl%?@\é’gﬁr#lﬁgal(c%%%ﬁ? val ve
(7) and the receiver (14) él nto a branch liquid pipe ( . The branch
liqui d Ihpdowamessure gasmipe (D nbehmesna 1aYe- PSS, By king zél)enérr& HaEaBheck
valve (7) to be described later on the liquid pipe (10). The branch liquid

pi pe ( 3@wsstherakicigh mighillesseofctheclpevational 2Giteg. 7) al l owi ng a refrigerant
flow froma connecting point with the liquid pipe (10) toward the receiver

(14). The |iqynd dinRukit@lioh Jiqui@pigtedi v the ¢dhmmohbaitionagasepipd (1 Deameen a
connecting point with the auxiliary liquid pipe (25 and the stop vaI ve

20 T | At I8
Fecet v e PRESIER RN 53"Jf%%ﬁtve%“é%"a‘s‘@éfff?%‘qé‘?%?é“ndu“ﬁ‘é““z‘goé AT qui d
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provided wth an el ectronl c expansion valve (29). A gas vent pipe (28) is
connect ®P%et ween the upper portion of the receiver (14) and the di schar ge
pi pe (5a) for the inverter 5 conpressor (2A). The gas vent. pip
provi ded wi t h Anhauxi Herkliquidwpipe 135) @mbdmwgng)mveaewa (14ds &H’Eﬂ?q ¢ rom
the receiver (14) toward the discharge pipe (5a). As described above, the
branch phetiqGidBpipef(10) theefrigsrantflows imethe2®kiliary lipndpipe RDoneindy fburt h
port (P4) of the third four-way selector valve (3C). An oil separator (30)
i s ppovitEednat of fie-HuatilgP rEsSaxa1igas lighidepip8)(25heprivided with an outdoor
expansion valve (26) serving as an expansion mechanism, The check valve (7)
allowing only a refrigerant flow toward the receiver (14) is provided on the liquid
pipe (10) between the outdoor heat exchanger (4) and the receiver (14). The check
valve (7) is placed between a connecting point with the auxiliary liquid pipe (25) and
15 the receiver (14) on the liquid pipe (10).

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
connected 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 of an oil return pipe (31) is connected to the oil separator (30). The
other end of the oil return pipe (31) is branched into a first oil return
pi pe (3la) and a second oil return pipe (31b). The firs€/ danuart2006 pi pe
(31a) is provided with a solenoid valve (SVO and is connected via the
liquid injection pipe (27) to the suction pipe (6a) for the inverter
conpressor (2A)..The second oil return pipe (31b) is provided with a 15

sol enoi d val v (S!ﬂl}l igffgtios pipaKRE) isdcannected bateeennhphpriliaby Jiquid pipe
second non-inverter conpressor (2Q A first oil-level equalizing pipe (32)
i's conne@Seandehewtew-priessuteas pipd (1500 he Hjuidniajdomionr pipe (er;ﬁ%$ftfed( 2A)
and the suction pipe (6b) for the first non-inverter conpressor

second owithla@vtcteanialdx }Jhﬂﬂoﬁlvﬁﬂ/d?@%) Iﬁgnﬁ@ﬁ]}g ﬁéi i9ChHE eé'%('i%& F&v&@ﬁe °f

the first non-inverter conpressor n pip or the

second ngg- éﬁ,bferpto%oﬁmh@%éeerlv§,2@h4g%dhil{e Q&Aar}géwq gé‘aﬂa%gﬁébggg b, %

i s connected between the done o secon non- ?2(3

and the the.in ter co The, first
oi | -1 eve(i Ig a?d}zfﬂ‘&g))e pi ped %Ssélfmhf’ﬁ’e Eé{:)o'r‘?dplavll ﬁ] QEﬁJA%?% Nalvsi 0 (33)
and the rd oil-Ieve ual | zi pi pe (34) are respectivel rovi ded
ot soltlpsTigealy sy duaetiniow Bt 146 reesiver %waawrc&&»@dwbnvyg@f’me
mechani sps, The second oil -level equalizing pipe (33) is branched into a

fourth dbr)l ebeideserivad abeie, phpdreas) pipt (3%#) from thengaoetthpigel (28) is

non-inverter conpressor (2B) and the solenoid valve (SV2). The fourth
oi | - | evelonegetatlitaithg fpinple poft3M4)icf the ohvirdl Eourvival salestrandvdl(3@.ve (SV5) and
joins the suction pipe (6a) for the 5 first conpressor (2A§ <l ndoor Unit>

The indoor uniAn 6ilBepaneotiday iaprdvidapst Medigip as(ﬁgé Eﬁgr@hé ERQI Ng

heat exchanger) (41) serving as an appllcatlon si de heat nger and an

i ndqor cﬂ%ﬁ%‘iﬁf&ﬂrﬂ’ﬁip‘éﬂﬁf@co‘h%rewe'ag;o%ﬁe 8l seyHARY 30) P03 o HP¢n IS

side of the indoor
oil return pipe (31) is branched into a first oil return pipe (31a) and a second oil

return pipe (31b). The first oil return pipe (31a) is provided with a solenoid valve

(SV0) and is connected via the liquid injection pipe (27) to the suction pipe (6a) for

the inverter compressor (2A). The second oil return pipe (31b) is provided with a

15 solenoid valve (SV4) and is connected to the suction pipe (6¢) for the second
non-inverter compressor (2C). |

A first oil-level equalizing pipe (32) is connected between the dome (oil

pool) of the inverter compressor (2A) and the suction pipe (6b) for the first

non-inverter compressor (2B). A second oil-level equalizing pipe (33) is connected

20 between the dome of the first non-inverter compressor (2B) and the suction pipe (6¢c)

for the second 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




10 heat exchanger (41) is connected to the conmunication gas pipe (17). The
liquid side of the indoor heat exchanger (41) is conngﬁ ﬁd Vi a i ndoor
expansion valve (42) to a second brahth pipe (I1b) fr ARy cation
liquid pipe (11). The indoor heat exchanger (41) is, e.g., a fin-and-tube
heat exchanger of cross-fin type. An indoor fan (43) serving as an
application-side fan is disposed in the vicinity of 15 the indoor heat
exchangepen/didpe migshanisdor Tlex prasodmil-level equaling pipeol¥3) e beanched anto

el ectroni ¢ expansi on val ve. <Col d-Storage Unit> The col d-storage unit (10

i ncl udes feughldil-séval agealigiag Epe 38y &etwekn) thesdome g tas fasc oohiingererat
exchanger (evaporator) and a col d-storage expansion valve 20 (46) serving

as an expapcisesy (BN BRsolthRid LalveqSVi2de Tok bhah ¢l-tkve! sqadkifiepipe
exchanger (45) is connected via a solenoid valve (7a) and the col d-storage

expansi : : r . : tion
Gt o GpiF pY el e S8Rapld BhvE @Y BB AR huttioh PRoBREIOLAR | e
sol e oiﬁ{ al ve 78(.% 53@‘” ng as an open/close valve are provided at the
upstt eaH LiC@BBIESIHAZAY d- st orage heat 25 exchanger (45). The sol enoid
valve (7a) is _used to stop a refrigerant flow at the tinme 17 27 January
2006 of <HidoRE LHtDf f operation. The gas side of the col d-storage heat

exchanger (45) is connected to the |ow pressure gas pipe (15). The

col d- st or age Heatindoarhamitdi B} isludesranindenrckealjexghanger (atsaditipniagof ¢ he
conpressi on nechanism (2D) for the first channel. The indoor heat exchanger
5 (41) renmexehengad (W) bervivez asiahi applichtionaidd heatsochangeroamd av éndeor
conpressor (2C) during the air-cooling operation. A refrigerant pressure

(evapor atdQidi eaes 5&3) sefving a6 af QkPasdion aehiish. eXf BRGRde d 4R iddodrover
than that of the indoor heaf exchanger (41). As a result, a refrigerant

gt T N
side of the indoor heat exchanger (41) is connected via the indoor expansion valve
(42) to a second branch pipe (11b) from the communication liquid pjpe (11). The
indoor heat exchanger (41) is, e.g., a fin-and-tube heat exchanger of cross-fin type.
An indoor fan (43) serving as an application-side fan is disposed in the vicinity of
15 the indoor heat exchanger (41). The indoor expansion valve (42) is configured by an
électronic expansion valve.
<Cold-Storage Unit>
The cold-storage unit (1C) includes a cold-storage heat exchanger (45)
serving as a cooling heat exchanger (evaporator) and a cold-storage expansion valve
20  (46) serving as an expansion mechanism. The liquid side of the cold-storage heat
exchanger (45) is connected via a solenoid valve (7a) and the cold-storage expansion
va]vc; (46) to the first branch pipe (11a) of the communication liquid pipe (11).
Namely, the cold-storage expansion valve (46) and the solenoid valve (7a) serving

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



10 i ndoor- heat exchanger (41) is, e.g., +5C. The refrigerant circuit (1lE)
structures a circuit for perform ng evaporation at different tenperatures.
The col d-storage expansi on val ve (46) 1% a tenperat ure-séhsianbary 20Gfnsi on
val ve and a tenperature sensing bulb is nounted to the gas side of the

col d-storage heat exchanger (45). The opening of the col d-storage

expansi on _val ve (46€ is 15 adjusted on the basis of a refrigerant

t enper at @f & thermorofieaperatipte Tdfe garesidolod-the oobigstorigzabeat exhhmerr (@85)s The
col d-storage heat exchanger (45) is, e.g., a fin-and-tube heat exchanger

of crossednnmectedt the lovl-prestireans fipe (13)7) serving as a cooling fan is
di sposed in the vicinity of the col d-storage heat exchanger (45). <Freezing

Unit> 20 The fTReehgsteRide KeLDkxémkéefig‘ﬁsf)aeoHrﬁ%icQ&s%ﬂ?tlﬁ’%gﬁeg%{iﬁg@ )

serving as a cooling heat exchanger, reezi ng expansion valv

serving [ HRG &Y r 53) .serving as
a freezil?% c?gnrgﬁéggggrﬁ&h&onne@ggﬁﬂ%h@rsl?gggéf l'siclglg}lgﬁgﬁﬁéeétr ?Fﬂ%ﬂrheat
exchange 51) is .a brangh.liqguj.d I p 13) branched fromthe first branch
o1 oo 3 140 S Eafh el Hiifn aflelbtshp sdoosd o mmverter Somprastes Gal ve
(7b) and,the freezing expansiqn valve (52). 18 27 January 2006 The gas side
of the f4HINg the pEgoOlgHeReIation.s ) reliigestiareesire evaporation porssues)dd of

t he booster conpressor (53) by a connecting gas pipe (54). A branch gas

pi pe (1t8% cioldnitarege heatraxchanges4p) eskowos tharsthat pétheliRobs heatruxehamgbrt 0 t he
di scharge side of the booster conpressor (53). The branch gas pipe (16) is

provi ded4w)t hAs hereshbick Bfrigéraat evipaatontemipraeRAd Bt cOfS3tordve Ridt
return pipe (57) having a capillary tube (56) is connected between the oil

separ at aixchebgera(¥b)tise e @ONNBCL! REJ GRS r@frl?erﬁx?t‘lévatpﬁ;reﬂﬁ) PRSP hnfr 0 Wtﬁé Sor

(53) conpresses a refrigerant by two steps with e conpression nechani sm
of he 1 na08 bt Ra RIS 181, TE | UL RE Ry RPER T SusiEEE o g
circuit for performing evaporation at different temperatures.
The cold-storage expansion valve (46) is a temperature-sensitive expansion
valve and a temperature sensing bulb is mounted to the gas side of the cold-storage
heat exchanger (45). The opening of the cold-storage expansion valve {46) is
15  adjusted on the basis of a refrigerant temperature at the exit side of the cold-storage
heat exchanger (45). The cold-storage heat exchanger (45) is, e.g., a fin-and-tube
héat exchanger of cross-fin type. A cold-storage fan (47) serving as a cooling fan is
disposed in the vicinity of the cold-storage heat exchanger (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 COMmpressor.
Connected to the liquid 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).




10 heat exchanger (45). The refrigerant evaporation tenperature of the
freezing heat exchanger (51) is set to be, e.g., -35C. The freezin
expansi on valve (52) is a tenperature-$8nsitive expansi of’ JoBUIRY a
tenperature sensing bulb is nounted to the gas side of the col d-storage
heat exchanger (45). The freezing heat exchanger (51) is, e.g., a
fin-and-tube heat 15 exchanger of cross-fin type. A freezing fan (58)
serving as a cbBeigagsidgrofithe dresgingbieatiexchingevi(§1 nistopnatctetaoftheexdtivn heat
exchanger (51). A bypass pipe (59) having the check valve (7) is connected
bet ween sitle of thmbesstengnyareswr83] bk cahnédingsgustpipe ($4)JA Bfankhgabpgsd er
conpressor (53) and the downstream side of the check valve (7) on the

branch gas)pirpeched@romtthé hevPrsshas g8 gpi i or
(53). e t))ypass “i pe. (59) i?rconfigusr% 5 g‘s”'q?ghgﬁt?gggiﬁﬁ'éegﬁé?@%

compr casor (o3} "2 SRR (EW Uyl S AT O RS BRu IR
' 7] G ' ' i i . swi .25
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19 27 J Ly 2006 high-pressure sensor (61) serving as_ pressure detection
means fgﬁ%gé%/&%’ﬂ?%e‘iage &5h-the wal quéffrtpgg$5c?rﬁndpthé§§aﬁ@tmg@ pipedfd).ge

tenperature sensor (62) serving as tenperature detection nmeans for
detecting a hi Gt BpeseisampressoryS3) sempessses atrefrigerarfby tivcssteps gathpthpe ( 5¢)
for the second non-inverter conpressor (2C) is provided 5 with a discharge
t enper atapmpressionmeabanisse (2D niprabe fiestphnatel o tHﬂttHetéfﬁgeMQQaﬁé}htion
detecting a high-pressure refrigerant tenperature. The di scharge pipes (5a,

5b, 5c) tefoperdthee ofvhe fteezingoliean @SSIinge? (51) ik Bvéd theh tHROFIRVES i Storage
conpressor (2B) and the second non-inverter conpressor (2C) are

oL A KPS 4 The BT B SAGH LB kS BB b
exchanger (51) is set to be, e.g., -35°C.

The freezing expansion valve (52) is a temperature-sensitive expansion
valve and a temperature sensing bulb is mounted to the gas side of the cold-storage
heat exchanger (45). The freezring heat exchanger (51) is, e.g., a fin-and-tube heat

15 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) having the check valve (7) is connected between the
connecting gas pipe (54) at the suction side of the booster 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
Eypass 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
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or heat exchanger (4). The outdoor unit (1A) is provided with

[ir QeteEPR Ml Fob AREeREing Z0Nighepresnuge asfrigampetr iwmpreeatdet.ect i on
ecting an outdoor air tenperature. The indoor heat exchanger

d wi i : vided
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ary 2006 tenperature detection

f d t,
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exchanger (41
t enper afodrthes
detecting an

). Moreover, the indoor unit (1B) is E{O\li dei%ghth a.room
ansmer (FRpresori(Ry)athe: BRI VT IGE COBMPIBTTOr 2nd fthe
I ndoor air tenperature. 5 A cold-storage tenperature sensor

(74) segadoRd Rén-iv@Rratampredsire(2Cpnre mespestively peavaded weth ar BIRS&H &L ur e

“Within cold-s

torage showcases is provided in the cold-storage unit (1C).

freezi ng, LeMMgufiwHieh SENGnel 7Rhes ahyitigh-devel aefréganat eresdeteectdcbes @eans
for detecting a tenperature within freezing showases is provided in the

LB

mé&@val-me pressure switch (64) which is opened when the 10
I'Scharged refrigerant reaches a predeterm ned value is

provi ded at ttf‘ﬁe suction pipes (6a, 6¢) of the inverter compressor (2A) and the second

15

20

25

non-inverter compressor (2C) are respectively provided With low-pressure Sensors
(65, 66) serving as pressure detection means for detecting a low-level refrigerant
pressure and suction temperature sensors (67, 68) serving as temperature detection
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
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

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

A



di scharge side of the booster conpressor (53). Qutput signals fromvarious
sensors and switches are inputted to a controller (80). This controller
(80) is configured so as to control th& operation of the27 danyary,

circuit (1E) and to performcontrol by sw tching eight kinds of operation
15 nodes to be described later. The controller (80) controls, at the tine
of operation, start, stop and capacity contrgl for the inverter conpressor
(2A), stiSMPespYrefaiscipp means for detectnd 4 gasaefrigeraninismpssaturg pRyroxided he
second non-inverter conpressor (2C) and opening adjustnment for the outdoor
expansi oat thalgae sidzeyf thadnd der head cachangep44b). dMlovedvee, (heAndodimaih¢iB) ishe
controller (80) also perforns switching of the 20 four-way sel ector val ves

(3A, 3B,prd@dedopért al oo apmpetatore fafsot {F3Fakeng dsvRinRSatufS\fetecih, SV2,
SV3, Sv4, SV5) of the oil return pipes (31la, 31b) and the oil-Ievel

equal i Zi fgaid RRUetSAingSsh indtbor 37 tedfpftrAReNi Ny adj ustment for the electronic
expansi on valve (29) of the liquid injection pipe (27). <Conmunication

Pi peg> 21 27 J ' [ | L qui ipe (1 i ravi ded at
the oxit of tia ibLsate (KRperalil ash @) ssUhe &' #hwedithes Reliefhanne
side circuit for, cold-storaqge/freezi,n d the second channel sjde circuit
for air-CoH: t{qrcﬂgf%émgraetqr?ﬁeéa £ gﬂh}lﬁtCB?cFﬁ'é’rﬁgfessh%?ﬁ'?ﬁﬁf%%‘ﬁvéﬁF(‘ inglied pi pe
(11). The c¢ommunication liqujd pipe (11) is branched 5 into the branch

pi pes ( 1°PAd-storgge pgpt ¢ r‘gséb%%zt‘il&éﬂ’&l’f‘éﬁ%P $enspri(A8) vewiing £y tamperature
application-side units (1B, 1C, 1D). The communication liquid pipe (11) is
pr ovi dedleseijtinemeanpfarhictbeting a demperturgaithinpfre¢zity shewchsey iapravidedt i on
-gas line in the first channel side circuit for cold-storage/freezing so as

t o cont datthetfredginglunit (D)t aPke MREBUIralswittR) (6343 rwhitll RSopféhed WAL thé ansfer
material is wound around the communication liquid pipe (11) and the-

G S v e
of the discharge side of the booster compressor (53).
Output signals from various sensors and switches are inputted to a controller
(80). This controller (80) is configured so as to control the operation of the
refrigerant circuit (1E) and to perform control by switching eight kinds of operation
15 modes to be described later. The controller (80) controls, at the time of operation,
start, stop and capacity control for the inverter compressor (2A), 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
expansion 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>




comuni cation pipes (11, 15) constitutes a heat exchanger in which a |liquid
refrigerant heat-exchanges with a | ow pressure gas refrigerant. éé I n
accordance with the refrigerating apgdratus (1), the ot aur¥|? ?1A), t he
i ndoor unit (1B), the cold-storage unit (1C) and the freezing unit (1D) are
respectively installed. Then, the units (1A 1B, 1C, 1D) are connected

t oget her by three conmuni (;ati_on.[joi pes (11, 15, 17) aFd t he shop v(?l ves (20)
are opened. Alnacomesuditatien liguid gineatil) dapredded a¢ ke exi qf fhe pyidoor
refrigerant circuit (1E). In accordance 20 with the refrigerating apparatus
(1), thgif &Y. 9BWaNiqued lifes for(thESiritvbbondside dirouit forgieddnstiragefreezing

col d-storage/freezing and a second channel for air-conditioning.

Nevert hel €55, <obhfd CRINAKY Gat ultifdtiath-gyndéti¢dih dre integraiad tintot the one _
respective channel's. Consequently, work for connecting pipes can be easily

carried out as ,co r-qd.. ; ' [ | Okl G are
separ at@@“ﬂﬂﬁﬁ“&é‘gﬁ)&grﬁ%'hg (&Eg ?‘Z‘ggé’té‘?ﬁ}ré&g%gle s. Ip%b %HJgnJg?ceﬁgOOG

--QOperation-- Next, operatio rfor : -

ref i3 geini ithgy bé"’ﬁﬁ%‘r%‘ﬁ’ﬁ% (ﬁ?’ \Rﬂ’f? et%ﬁgggﬁ%lgghﬁlggggl\éﬁ P\?@I\%ylbltﬁﬁ@a%fctgredance
with this enmbodinent, it is configured so as to be capable of setting

ei ght kapmdicationeide anits {1Bpd€s 14Y- ol I ows. 5 Specifically, it is
configured so as to be capable of performng O air-cooli nlg oper ati on of
per f or ni ng onTlye ebmmuovtatnan liquidipdpe (lods piavided adipcent ey "'I“]Pgé'ﬂfeﬁ@“re
operation of only performng cooling in the cold-storage unit (1C) and the
freezingys pigd (1$HPkerviigasia sattion rgasdadd ing/the derat whanplr side circyft for
~sinul taneously performing air-cooling in the indoor unit (1B) and cooling

in the ?aldd-@}%e?@@eﬂﬂ'gtso(al@ cafidet fe ADalbnfezinngpe niaterfal ) 2) feryingsasond
air-cooll ng? reezing operation perfornmed when an air-cooling ability of

t helégggfﬁﬁgtf t‘?%uisefé}@dtéﬁaliig'waufnh%%g?ﬁd e doenbihi¥Ratieh ligned pipex1) and the

air I Ng operation, al r-heating operation of performng

gggat ?ibc;#g)fergésiu?g giag;;[igg ('ngﬁogor i fhelel Bho ddmbhicatioR! pipBeii,nm8) aRezi ng
surrounded by the heat transfer material (12). The contacted portion of the
communication pipes (11, 15) constitutes a heat exchanger in which a liquid
refrigerant heat-exchanges with a low-pressure gas refrigerant.

15 In accordance with the refrigerating apparatus (1), the outdoor unit (1A), the
indoor unit (1B), the cold-storage 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
fesult, 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.




performng air-heating in the indoor unit (1B) and cooling in the

col d-storage unit 15 (1C) and the freezing unit (1 D) by a heat recovery
operation without using the outdoor h¥at exchanger (4),2%4aBeany2006
air-heating/freezing operation with excessive air-heating ability
performed when an air-heating ability of the indoor unit (1B) is
superfluous at the tinme of the first air-heating/freezing operation and (r)
third arPPEERIAMY/ freezing operation with insufficient air-heating ability
performed when 20 the air-heating ability of the indoor unit (IB) is

i nsuf ficient dN¥exth@pereidnisrerforaied-tyetite atpverdmziibed opRigriatdny apfgatus
respective operations will be described specifically. <Air-Cooling

Qper ati aily whe tei desweiBedngespretiagliyon Ih SacRBrRGE AkitANtH?§ eRRIJPRBhATicR! ¥
air-cooling in 25 the indoor unit (1B). At the tinme of the air-cooling.

oper at i afbnfRmrédI9¥as kd bEicdpatde c;f'%%tt?r% &IélsurJn ﬁ?l%%;&foglgpﬁhd.eml}ﬁ??éfﬁs BB £35SO

(2A) constitutes the conpressi on nechan rt channel , -and

the fir =JinveLt.er S ). .8 e co non- j_verter .

corrprs es?&e%??%lwé/olﬁlslg i ?ﬂ%ﬁg{rgé %(r)faré)r%gsbsﬁ ggp%%h@ﬁ?%ﬁgfrﬁﬁg ﬁgralfﬁeogﬁﬁond
channel. Only the first non-inverter conpressor (2B) and the_second

non- i nvefeEites @g@?rggwg( 9?;5’ iaH'Wfél‘%ﬁ‘E)rtEEs‘F'é ohdhia k1Bl @ Hyeszngt he
second channel are  driven. As shown by the solid lines in Fig. 2, the
first foReragn ebpalypprioumiog coghipsg laﬁée cold-gemgedurit (FChend thel feeszing val ve
(3B) are swwtched to be in the first state. The third four-way sel ector
val ve (3@jt (D3 cfied tio-doeling/fr ¢ezirge opechtBinabe . simultahegusly heribPmon door
expansi on val ve (26), the el ectronic expansion valve (29) of the liquid

i nj ecti air-pogiéng #7dhe indoos ohieqDBY an@y6ling &) thet iRt Gake ualt qieyandthé (10
and the solenoid valve (7b) in the freezing unit (1D) "are cl oSed. Under
thi 90st Gteezirgy LRt (195Y, 38 sédcHaHraRDling AR d2iV LpEaltidACPerfiMied Shen an
air-cooling ability of the indoor unit (1B) is insufficient at the time of the first
air-cooling/freezing operation, ® air-heating operation of performing only
air-heating in the indoor unit (1B), ® first air-heating/freézing operation of
performing air-heating in the indoor unit (1B) and cooling in the cold-storage unit
15 (1C) and the freezing unit (1D) by a heat recovery operation without using the
outdoor heat exchanger (4), @ second air-heating/freezing operation with excessive
air-heating ability performed when an air-heating ability of the indoor unit (1B) is
superfluous at the time of the first air-heating/freezing operation and third
air-heating/freezing operation with insufficient air-heating ability performed when
20 the air-heating ability of the indoor unit (IB) is insufficient during the first
air-heating/freezing operation.
The respective operations will be described specifically.
<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




conpressor (2B) and the second non-inverter conpressor (2C) flows fromthe
first 15 four-way selector valve (3A) through the outdoor gas pipe (9)
into the outdoor heat exchanger (4) and3is condensed t he?ZéiAanuanye2hdensed
liquid refrigerant flows in the liquid pipe (10). Further, the liquid
refrigerant flows through the receiver (14), the comunication |iquid pipe
(11), the second branch pipe (Il b) and the indoor expansion valve (42)
into t helqvﬁ&%rcoﬁﬁ’é’?ss@iéﬁéad’éps‘('WIﬁs e Fonassien aveghantste RDPorithe first
evaporated gas refrigerant flows fromthe conmuni cation gas pipe (17)

t hr ough chanaef,j ard thedirshagndnverterocompieseo B1B) and thbaesendndniiavertyay

sel ector valve (3B) into the suction pipe (6¢c) for the second non-inverter
conpr esscomp@Gyor A2Q3r tomdtittitee thé Osunpiressivh em@aBari®h (PBY AL 1Rt YEmdt 0 the
second non-inverter conpressor (2C). The remnai nder thereof flows fromthe

suction aimdﬁ@nl%'ﬁhe st 88E-YFEri@Ned 5§0‘?‘r(2?32 ﬁﬁ%@%}ﬁ% g\grgmﬁ}tt Q the

branch pipe (6e). Then, the remaining das refrigerant anuary ‘2006

e L s L e

ci rcul at&r an air-cooling within a store is perfornmed. Under this
operational "state, start and stop for the first non-inverter 5 conpressor
(2B) and the second ngn-inverter conpressor (2C) and the opening of the

i ndoor expansi‘g?\sg%‘i"(}g’y(tﬁ)sohﬂé“@éﬂ@IFéJ&-I%dhel sinfourgvahselectar valvedBANg | oad
within the store. Only one of the conpressors (2B, 2C) may be operated.

<Fr eezi rigpdape saeqrshfouTiway saddectonyalypdBR) anrswiscleed topberiatthefirafstaer e ni ng
only cooling in the 10 cold-storage unit (1C) and the freezing unit (1D).

During tthirdffoeexiaygsedqaronvilos (3@Y is shioviredit bl id-thdseddid stat¥e i Bthet QHPT €SSOr
(2A) and the first non-inverter conpressor (2B) constitute the conpression

o0 S IO 2RO St U RN ) Y S
injection pipe (27), the solenoid valve (7a) in the cold-storage unit (1C) and the
solenoid valve (7b) in the freezing unit (1D) are closed.

) Under this state, a refrige.rant discharged from the first non-inverter

bompressor (2B) and the second non-inverter compressor (2C) flows from the first

15 four-way selector valve (3A) through the outdoor gas pipe (9) into the outdoor heat
exchanger (4) and is condensed therein. The condensed liquid refrigerant flows in

the liquid pipe (10). Further, the liquid refrigerant flows through the receiver (14),

the communication liquid pipe (11), the second branch pipe (11b) and the indoor
expansion valve (42) into the indoor heat exchanger (41) and then is evaporated.

20  The evaporated gas refrigerant flows from the communication gas pipe (17) through
the first four-way selector valve (3A) and the second four-way selector valve (3B)

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 (2C).

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




for the second channel. The inverter conpressor (2A) and the first
non-inverter 15 conpressor (2B) in the conpression nechani sm (2D r the
first channel are driven and the boosi4er conpressor (5%;}]4%?”%‘1%%0@& ven,
but the second non-inverter conpressor (2C) is stopped. As shown by the
solid lines in Fig. 3, the first four-way selector valve (3A) and the
second four-way sel ector valve (3B) are switched to be in the first state,
and 20 rehens threhghothe whiyd sfoueotayr selacios Y@@ (BE)alosthes firstchertineertrs in
the first state. The solenoid valve (7a) of the cold-storage unit (1C) and
t he sol ejvenpteysdr(@B)7 By e refrégerhneepeagng midh ¢itd)ylaror, adpeoeling wiilie at he
out door expansion valve (26) and the indoor expansion valve (42) are

cl osed. (b QRRMJIhedf the el ectronic expansion valve (29) of the liquid
injection pipe (27) is adjusted to a predeterm ned value so as to enable
25 a liquid rgfgygecant it pr, term r ) ) ; nuary
2006 Under thie%ﬁ% a':t@? gﬁ %Ig P %leggﬁte’ 3?‘2&%@93%?rfé%qp,ﬁeﬁi;s‘rﬁv%%t?é&ergé
conpr.essor_(2A the.first non-i.nverter conpres 2 flows framthe
i T T cmtigbas A A hpeeshnd SR BHFLHE Ro FRERGE, D) HEBie Rt piiot i o

t he outdoor. heat exchanger (4) and then |s condensed therein. The
condensdfe|ingeet exRINSIgfe vakite 2%@%%{5&#%&@%&& gnapiseoeling lopde
receiver (14) and the conmunication liquid gi pe 311) into the first branch
pi pe (1twithinTtherstoee. p@nly ofie ehthecenmapnessars|((2Bu€) meyr byeperated: | ows t hr ough
the col d-storage expansion valve (46) into the col d-storage heat exchanger
(45) andkRreesingi Gperatiparat ed therein. The other part of the liquid
refrigerant flowing in the communication liquid 10 pipe (11) flows through

the branch |iapid fiRiepg( dporaBbfl ik A d5@REDADIPERRIINE ondY ¢Boling2h thet o the
freezi ng heat exchanger (51) and then is evaporated therein. The gas

o TG AR e SRS ) BRAREARS Sphg hopkRE A

branch gs%%vgli ﬁleFig. 3, 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 channel. The inverter compressor (2A) and the first non-inverter

15  compressor (2B) in the compression mechanism (2D) for the first channel are driven

_gnd 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) is adjusted to a predetermined value so as to enable

25  aliquid refrigerant flow with a predetermined flow rate.




(16). 15 The gas refrigerant evaporated by the col d-storage heat exchanger
(45) joins the gas refrigerant discharged fromthe booster conpressor (53)
at the lowpressure gas pipe (15). TS joined gas refrildefay@ry 80éns to
the inverter conpressor (2A) and the first non-inverter conpressor (2B).
By the refrigerant repeating such circulation, cold-storage showases and
freezing showases are cooled. 20 The refrigerant pressure of the freezing
heat exchangeUrdet)thisstiteyerefrigarant tdisthaoded fremctblednedrtaragenprestord2dhanger
(45) because the refrigerant is sucked by the booster conpressor (53). As
a resul tandtthe figt mogeinasitet COMPEEstf C2BY YR HloinDbhe FiestPRUAMEeletorhe
freezing heat exchanger (51) is, e.g., -35C, and the refrigerant

e
t enpera | ; O1; ger
(557 S CRpRsain A SRR AR OTIMCSehet pLass e upiaeer

start and stop f { I.I'S - haventer r tart, stop
and capdiit RadBhaid ieidiby ol Rab el i FATRCRR Sow ARko S Rl
depepding on, e.qg., a. owrefrigerant pressure (LP) detected by the

oo Br e 0% 010G refenst L AbBeoirmBniition haritathed IS HuRhagiSh o
freezi ng 5 load. For the control for increasiir‘lg@t he capacity of the
conpr es Srawhripn 4 o)m Theppp pagtif thegendensed Hap §683f@2£§101’v§ﬂémugér‘ih%\hi l e
the first non-inverter conpressor (2B) is stopped. Wen the inverter
conpr essold-§t2a3ge equmemn valvertdG)intn thapatd -storagebeat kechangeodf)iandfthen her

I ncreased, the first non-inverter conpressor (2B) is driven 10 and the
‘capaci t ys efagdigtddneherdier conpressor (2A) is reduced to its mninum
capacity. Wen a load is even further increased, the capacity of the

inverter conpPHgssRhed g} of kit liGdSREGSL MR HISWItEid fheHonfRRaibINER 1iGhid |
conpressor (2B) is activated. For the  control Tor reducing the capacity of
the 150%§§e5ﬁ95 ’ﬂc}»péathqgﬁéﬂﬂeoﬂ}aﬂgkpﬁaﬁfdepibg (ig')eand the freezing expansion valve
(52) into the freezing heat exchanger (51) and then is evaporated therein. The gas
refrigerant evaporated in the freezing heat exchanger (51) is sucked by the booster
compressor (53), compressed thereat and then discharged into the branch gas pipe
(16).

15 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). The joined gas refrigerant returns to the inverter compressor (2A) and
the first non-inverter compressor (2B). By the refrigerant repeating such
cifculation, 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.




control for increasing the capacity is carried out. 15 A

degr ee-of -superheat control utilizing a tenperature sensing bulb is
performed for the opening of the col d-36orage expansi on 4af&qr¥é008nd t he
freezing expansion valve (52). This is also performed in the foll ow ng
operations. Wen a refrigerant is circulated in the refrigerant circuit
(1E) during the freezing operation, a liquid refrigerant flowng in the
communi cat i on Pugugdthsi feezing pparptipaatstark cndnstep furt thea firsvnmpndasenter gas
refrigerant flowing in the | ow pressure gas pipe (15) and thus is

super cootampresssr (2B anéasan, stoheandi Edpacitgcenntrol efor hhe pyvdredredmipressor
refrigerants in the col d-storage heat exchanger (45) and the freezing heat
exchange@ A)5dre pesfdrafededepefiaing bite pf at oo EFEBetdAdlor | d ' t
perfor rree((c?. )AS.i; Ija result, ptﬁi ghgief riger ating agi i t;;/J fsggggﬁ?l dtlégg(.:tlegw%

January 22981 I fg i ' : i on
si de becomegW é}g? %gggggsadjs(egjl;l 'I?' R Eﬁg%ﬂgﬂgﬁer\%&{n##ﬁgg%%hﬁ%i?grfe ?’lyiégr ant .
The gas lr(&\&ri gerant is mxed with the liquid refrigerant fromthe |iquid
i nj ecti ok pipe (27) and thus it is possible to prevent the degree of

super heat of the gas refrigerant from becom ng .5 significantly |large in

t he conpressi o‘EOfn@'éh%ﬂﬂf%fgm?rewpaé € ApPacioPf Hy sYEREESHENOPEEBATIHR> Thi s
first air-cooling/freezing operation is an operation of sinultaneously

per f or mi @®)athe iogertengomparasper (24408 driventwliiiatheffgt sowlinvertércontpessor
cold-storage unit (1C) and the freezing unit (1D). During the first

ai r - cool 289/ié segpiedg When dhd imvertas cdfpsdsann(2A) Feaghesdits iagimometdpatity
conpressor (2A) and the first non-inverter conpressor (2B) constitute the

conpr essdnditheBeland $aTureHer ihereaddde the fisdt nohamRetter ddplelfor @AV driven
non-i nverter conpressor (2C) constitutes the conpression nechani sm (2E)

o, 7 SRl ot e ek i TSR B T b
are drigfenaNdalii€even further increased, the capacity of the inverter compressor (2A)
is increased while the first non-inverter compressor (2B) is activated. For the
control for reducing the capacity of the compressor, the operation opposite to the
control for increasing the capacity is carried out.

15 A degree-of-superheat control utilizing a temperature sensing bulb is
performed for the opening of the cold-storage expansion valve (46) and the freezing
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.




15 booster conpressor (53) is also driven. As shown by the solid lines in
Fig. 4, the first four-way selector valve (3A), the se&gnd four-d@

sel ector valve (3B) and the third foummay sel ector val ¢& - @aESrY 4
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

openi ng of thahel gsdreeifCsupépangicia giglreRided@it MNthehsuckiofUdide ibucBfmlesON
pipe (27) is adjusted so as to supply a predetermned flowrate of liquid

refrigefant ﬁe%]@&&eitsl&@att-ie‘% hgﬁ%gr\gggtt €1 LE5SIePiht. ”‘Pﬁé‘%gé §%%FZ‘P‘%"£ Aynder

this stat refrigerants disc romthe inverter coffpress , 25

the first. non-.in er.. r ng . . =J nverter.. .
compr s 2ty $EE HuiE RERIESRORTA0 Rk TRb b B RRER P E20) BEAR e (o).
The resulta joined refrigerant .flows fromthe first four- sel.ect or
valve ( Bapoible bghevanb ThnBBHE BhSURRTBEAL 8) thentes TaEEGRAIAM Brcaming
exchanger (4), and then is condensed therein. The condensed refrigerant
fl1ows stanifigentlnéarge dquithe pppergsson meghamsm(@Pdi ver (14), and then into
the communication 5 liquid pipe (11). A part of the liquid refrigerant

f 1 owi ng <First Aer-Coroling/Exezong Cpeuatidnpi pe (11) is branched into the second
branch pipe (11b). The branched liquid refrigerant flows through the

i ndoor expansiTeis Yiabtvir{céd)ing/fi€ezihe opeddion et operatian B simdkhneodnd t hen
I s evaporated therein. The evaporated gas refrigerant flows fromthe 10

conmuni ¢t foPmitRgirRlRitinglih) tlhtehheblgﬁunflifﬂgl%g %)ﬁ& ,cfoBHﬁg WR¥he @bl.%%t@?ag‘éa\lryg C§ ?’A)

and the" second four-way selector valv into The suction pipe
el s RGBT SRR A5 e B GREARTA, he e
comyni Rt on, i gul 4 B e (AL b2 B A0y L Bt L2k PLASL R P
(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 second non-inverter compressor (2C) are driven, and the
15  booster compressor (53) is also driven.

As shown by the solid lines in Fig. 4, the first four-way selector valve (3A),
the second four-way selector 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)



15 refrigerant flows through the col d-storage expansion valve (46) into the
col d-storage heat exchanger (45) and then is evaporated therein. The other
part of the liquid refrigerant flowing8in the first brafCHaPUHY 3006a)
flows through the branch Iiquid pipe (13) and the freezing 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 hypin het ghoresunpgespipe (853The oenpamysatdirefgéraneficws Fivemthe

di scharged into the branch gas pipe (16). The gas refrigerant evaporated by
the col dfisst doagevayesleschargdBA)4hiough! tAs outdRrgas pifd (d)gﬁ{@ﬂ{e(élug§8&ar ged

fromthe booster conpressor (53) at the | ow pressure  gas plpe and t he

} 01 ned gRéacIeRLiL RS, dBUNERT EehddiSed TUFERC TIROUBERSE < Bbraaf o] e

first non-inverter conpressor (2B). nuary

repeat i | culat:] | ol.ing WiRin store is erforned and
tho i nt erronE e AaHHipO 1oL SRS, Paf uRiscinfo i obBmudlatiosool ed.
The tgeha]vi ar, of rg rigerant during the first air-cooling/freezing operation
5 wi Pl baIYERPF EY-based on a Mol lier chart shown in Fig. 5. Firstly, a
refrigerant is conpressed to a point A by the second non-inverter
conpressor (2 .Pat pEthe é@ﬂbﬁlfegg%@ﬁpﬂ@é@@dm theacpwmini@tion Ligeidi piper t er
conpressor (2A) and the first non-inverter conpressor (2B). The refrigerant
at the (3d)nt branchedintohibe sedaniddemaach pipte (1b).pThabrahcheddiguiie réfeigentht
refrigerant i's condensed 10 into a point Cl. The refrigerant at the point
Cd heat -féows i tingagh whe bndogaspan sibhivatva(h2) Spkae ihBé6r hoR e'bcer{ﬁ{gte?rm%) _
conpressor (2A) and the first non-inverter conpressor (2B) so as td be in

a super chdl fitenSisabfafdiiedt tHefdin. T"I_Ehepé\f‘a%%l;{;c@tti as?reglggéraﬁi Ad¥es Bl itﬁg rant

at the point C2 is reduced to a point ein r expansi on valve

(42510 Thiohm&hich86h a5 pipe %Qﬂf{ﬂ}g%dthgtﬁrstefoglr-’wgys &lector valve (3A) and the

second four-way selector valve (3B) into the suction pipe (6c). Finally, the
evaporated gas refrigerant returns to the second non-inverter compressor (20).
The other part of the liquid refrigerant flowing in the communication liquid
pipe (11) is branched into the ﬁ;st branch pipe (11a). A part of the branched liquid
15 refrigerant 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
fefrigerant 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 refrigerant evaporated 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).




15 and sucked into the second non-inverter conpressor (2C) at a point E
The pressure of a part of the refrigerant at the point C2_is reduced to a
point F by the col d-storage expansi on2%al ve (46). This £éfAngaiy2R06 s
evaporated at, e.g., -10C and its state is changed to a point G Because a
part of the refrigerant at the point C2 is sucked by the booster 20

conpr essor (53%, thea&ressure of this refrigerant is reduced to a point H
by the freeziBY tBsatiigesentyeapeatingsych Thicslation agevenling withimpostateeid at |
e.g., -35C and sucked by the booster conpressor (53) at a point |I. The
ref ri gerparformendhand tedinteriars pbiold-stoingetsheweasst Aid HEBRINESHOMWIAS) adeOi NS
the refrigerant fromthe col d-storage heat exchanger (45) and the state of
the resutdoded. j oi ned refrigerant is changed to the 25 point G 30 27
January 2006 The gas refrigerant at the point G heat-exchanges with the

|Tquid refri ger@itbendViof B réftidrafiladif e ﬁ&’&%%%gabﬁﬂéffgﬁegg@oigﬁértaﬁgnggg

liquid refrigerant 1s supercool ed e pol nt

ref ricger | It ] Xi n his gas refrigerant with a
refrisger‘gm b%%ﬁ%ﬁne ystegeo u"g%%ﬁ'teﬁﬂgg%fglé%ﬁpgngﬁg'aipart of 5 the liquid
refrigerant at..t Qﬁr point G to arﬁoi nt ({; bg/ t he el ectronic expansion val ve
(29) (by perf.orh galrieg'dg?faphfseﬁ‘? BIFFSedatfg PR A R the sesqndnron-isfveriger ant
is sucked by the inverter conpressor (2A) and the first non-inverter

conpr es<SOMATOBPOr ZCHesby refeigespivés compressed i tge@apointnBt hy thef irnvgeteant
circuit (1E) is evaporated at different tenperatures by the conpression
mechani Son{pIBisoff 2A) hed the first son-thentee|coandedsbe (ZBNP ThestHipereshanhem ( 2E)
for the second channel. Further, the refrigerant is conpressed by two steps

by the hoost &rjodnmheesfrigert3it ROk, akBehe f0iRR! keffigerapt if@_&@:&féfnéé& on

tenperatures. Wien the refrigerant is circulat'ed during the first

ai r 1000lihfdghf peREi QF, %%r?éﬁi%@rarﬁ b Y Bolft! CHIREAN kI RYLS Wit ot BEs
comuni cation liquid pipe (11
refrigerant sucked into the inverter compressor (2A) and the first non-inverter
compressor (2B) so as to be in a supercooled state (point C2).
The pressure of a part of the refrigerant at the point C2 is reduced to a point
D by the indoor expansion valve (42). This refrigerant is evaporated at, e.g., +5°C
15 and sucked into the second non-inverter compressor (2C) at a point E.
The pressure of a part of the refrigerant at the point C2 is reduced to a point
F by the cold-storage expansion valve (46). This refrigerant is evaporated at, e. g,
-10°C and its state is changed to a point G.
Because a part of the refrigerant at the point C2 is sucked by the booster
20  compressor (53), the pressure of this refrigerant is reduced to a point H by the
freezing expansion valve (52). This refrigerant is evaporated at, e.g., -35°C and
sucked by the booster compressor (53) at a point I. The refrigerant compressed to a

point J by the booster compressor (53) joins the refrigerant from the cold-storage

heat exchanger (45) and the state of the resultant joined refrigerant is changed to the

25 point G,




15 heat -exchanges with a |l ow pressure gas refrigerant flowng in the

| ow- pressure gas pipe (15) and thus is supercooled. For this reason, the
differences in enthal py of refrigeran8® in the air-cond?f-8Ruary

exchanger (41), the col d-storage heat exchanger (45) and the freezing heat
exchanger (51) are larger than those of the case that supercooling is not
perfornmed. As result,. high refrigerating abjility is 20 exhibited. The
gas refri ger ant 1828 FRITIGRADE 3hths pRINt & beakwerchangesiwigh thegliquidrefrigegentant by
performng liquid injection and thus the degree of superheat of the

ref ri ger #trthe @amide1 abd issupsshiaed to 4 peige K. nThdkquidmefrégaaonispuperssled
<Second Air-Cooling/Freezing Operation> 31 27 January 2006 The second

ai r - cool fonthefpodez Cag Tixestatd ofthesgaarefrigsrait B thRREEDIITE Gorfian by Bfxing
air-cooling ability of the indoor unit (1B) becones insufficient during the
first afhis geotefrigbfaneeviting reffiferhh i LERgt | ShAvE ter
conpr essor ?28) ig sw t ched t(;'grthetqsabitrai-hggn |1§t@|ﬁg§11:ﬁﬁgtﬂglpggsrsa%e§??%lg c’f%(’)r t he

second ajhe-1fRRY rBH drESiZitNe | shcally the sane.as in the
first air- cgg{?i ng/ f ez ng o g?lgf(thrtlb g;bogﬁtm%it#é%l%é_&%m REDUISHLVRYE the
second aja Lnalfreezing .operation js different froqmthe first
air- cooﬂzr%ﬁgféé%?ﬁ%{%ég'é ilgﬁec’l“r?"é’r?d’td ‘tshﬁg t{lwersﬂﬂf"bﬁefﬂ&?a%!se%&c@d bul ve
(30 is %Wi.tched to be in second_, state. In accordance with the second
ai r - cool PRJAY LA MPPIESNZAIpnd theity st penvinyester compressasd@B).ng/ f r eezi ng
operation, a refrigerant discharged fromthe inverter conpressor (2A), the
first non-invett efesethpd ethuoie, (thB) refrigerane imetlomdrefrigerany eifceit (LDTEessor
(20) is condensed in the outdoor heat exchanger (4) and then is evaporated
in the ievdporatheat diffcteangemperatyresttyetizotemptessiagembetiniay (RY)IRE thé>d)
and the freezing heat exchanger (51). 15 The refrigerant evaporated in the
i nddor Heat ceamizhageihd ddmprekivnfeéhnlidi® (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 thah 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
performing liquid injection and thus the degree of superheat of the refrigerant cannot

be excessively large in the compression process.

<Second Air-Cooling/Freezing Operation>




first non-inverter conpressor (2B) and the second non-inverter conpressor
(2C). The refrigerant evaporated in the col d-storage heat exchanger (45)
and the freezing heat exchanger (51)3neturns to the ingé Habb%%?féssor
(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 swtching control between the first air-cooling/freezing
oper ati on andThheesendait-eoolinpdireezigs fapeesiorgisopeopérnacienvperforhred whed t ed.
In the second air-cooling/freezing operation, an inprovenent in ability can

25 be aegoaRldooniag dhilisHBEFORIdoDY uait! (18) e chbRies i HRIfER ent Hdring thaTuat Y 2006
<Air-Heating Operation> The air-heating operation is an operaftion of

perform ki LRG: 4 he i It (s ' .. the
BT ettt (b2 RE Spklidnd iNSyAiEHE Aldonfih e o distd T8RS ts 2
constitutes,t ression nechani s 2D) for,the first 5 chapnel, and the
Frret newiehtdfe SERGTEMAGRIRERN S Rstines lunhdcsand SrvarhBEEaing cosor
(2C)_constitute the conpression macharﬂs (2E) for. the second channel.

Onl y° t hEPELation HENDASIGALlY Ehe S Bk} e(?fav aingop U EReFE ABALTIRRS of
conpressor (2C) _ in the conpression nmechani sm (2E) for the second channel
are dr shen in Bign$. INevaithejesshthesgcond pirrrosling/fréeping opetationiis différontr - way
selector valve (3A) is switched to be in the second state, the second

f our - wayrosethecfist aratoding2Beezing operdtvndd that the thind fower-iviay stlestatvalvend t he
third four-way selector valve (3C) is switched to be in the second state.
The el eg3CPN swittaN® i/ HevRcor@sta08 the liquid injection pipe (27),

sol enoid valve (7a) in the cold-storage unit (1C) and the solenoid val ve 15

b i h f i . . i .
(7b) in the Ir?%d(d%ggﬁ%' thhk) s&¢ dcilp-%sghn%ﬁe%\%gﬁ%ﬁ(rﬂé?ﬁ a%qkqﬂénﬁrstl

: i
expansi on val ve and the indoor expans are contro
preﬂ@team&eﬁin\éﬁrg&%g operation, a refrigerant discharged from the inverter

led to

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 no.n-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.



Under this state, a refrigerant discharged fromthe first non-inverter
conpressor (2B) and the second non-inverter conpressor (gﬁ(i} flows fromthe
first four-way selector valve (3A) tRB2ough the communi et Qﬂ\‘e@égogﬁpe (17)
into the 20 indoor heat exchanger (41) and then is condensed therein. The
condensed liquid refrigerant flows through the conmunication |iquid pipe
(11) and the branch liquid pipe (36) into the receiver (14). Then, the

l'i qui d refirildeateng Obealrehr ough t he out door expansi on valve (26) on the
auxiliary liquid pipe (25) into the outdoor heat exchanger (4), and then

i s evapor at ed THeedieineatifip @ pevativar atadoperationfofipgefoaming bolysaizSehtiognitihe

out door gas-pipe (9) through the first four-way selector valve (3A) and the

33 27 J%glé‘?ﬂcbbo%%ﬁ QBONS the Wi epthe QlilehéAing/aporari6s las)shonindintHig, Budei on
pi pe (6¢C or the second non-inverter conpressor (2Q Finally, the

evapor at'ed?{g&:%dégé{fisggrr &K LSisHhnss bk E&ﬁg?és%%mggfniim ROD§fof BIEPfARSOr

(2B) and™ non*1nverter conpress repeating such
circylation, air-heatjng within a store js 0 g

air- oolqhﬁﬁn‘blpé’ﬂlgtﬁ'&n{,‘"sgrfbo“&‘nvteﬁt rcc(?r%urrsésss%P@E{)ZZkJﬁ gﬁ) §end§§dbﬁébl} @Sfe‘“’?“ae{ ed.
<First Air-Heating/Freezing Operation> The first air- ti,ng/ freezin

oper at i mmme&sqﬁeg%c) e‘i%\?é‘?%ﬁeo r §PgReL5IOn ﬂ@?‘fﬁﬁf‘i‘ﬁ’mg&iﬁr f ea{["? nFPR%t he

i ndoor unit (111) and cooling in the col d-storage unit 10 (10 .and the

fr eezi nghannel. (@1)y the finguongisivetter kempreob (2B and the pegaydr nqupinverigr
accordance with the first air-heating/freezing operation, as shown in Fig.
8, the dompetwr @EIPieswoconpR)ssimndmebkarfisms(2E)oforithesetend cbapredsgor (2B)
constitute the conpression nmechanism (21)) -for the first channel, and the

second nghgdgnverter conpressor (2C) constitutes the conpression mechani sm
(2E) for the second 15 channel. The inverter conpressor (2A) and the first
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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

15  (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

20 indoor heat exchanger (41) and then is condensed thefein. 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

25  from the outdoor gas pipe (9) through the first four-way selector valve (3A) and the




(2C) is stopped. As shown by the solid lines in Fig. 8 the first four-way
sel ector valve (3A) is switched to be in the second state, the second
four-way sel ector valve (311) and the 3320 third four-waﬂ%éﬂ"él!ﬂ%r?oﬁﬁl ve
(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
(I'D) are opened, and the outdoor expansion valve (26) is closed. The

openi ng seppnd Heueivwan selectorexgans(3dh) b vide( agtiomnpipee(dd)gfnrdthienpemmidon
pipe (27) is controlled to a predeterm ned value in order to adjust the
f 1 ow r atmneinvarteekcoimpeesot (263 Bihallgntiar svapooficdipde reftigefarns rafuns b the
refrigerant discharged fromthe inverter conpressor (2A) and the first

non-i nveirsehoGORPERES bmpe&kof (2BF ahll ARE tshBoAd hdh-ihPLrteMBYmPRlsSSt p3C). val ve
(3A) through the comunication gas pipe (17) into the 1 ndoor heat "exchanger

(41) an b g r.ei -g%ew LG frigerant flows
fromt h?%%@%ﬁlg%%glg%gﬁﬁgﬁtgﬂfﬁ ?1@3“% t&gmj?rggcﬁgﬁér g%ﬂgléa;e (I'la) before

t he gonmuni catj on iquid pipe (11).. A par f the |iqui efrigerapt
lowsng i nehs i 1he itsEadlidi pheratipny oRf Giidfe chmpuesoh b Aor®) 3oy Bee
expansi on val ye (46) into the col d-storage heat exchanger (45) and then is
evaporatoé)&”ttﬁéf ein. The other part of the liquid refrigerant flowing 10 in
the first branch pipe (Ila) flows through the branch liquid pipe (13) and
the fredarshghisdieaitigihregzingeOpenationft o the freezi ng heat exchanger (51)
and then is evaporated therein. The gas refrigerant evaporated by the

freezing heat Thecfiastgeir-heabihg/fir sezsng kgerityor hie bhest escoverpropetsion( 28)
conpressed thereby and di scharged into the branch gas pipe (16). 15 The

gas 1 ef rjegfdrmihg QaRedtpigeth ihR 6oL ohid ($BYLAILBRAL iMIROBBEEof AR uhip! NS
the gas refrigerant discharged fromthe booster conpressor (53) at the

| OWp! 7€) Gind0HhS ﬂpee%@né i (10)°wlthb B HsiBETnE Sutd T 1AL K lHRP (4P 1'e
npressor (2A) and

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 opeﬁing

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.




the first non-inverter conpressor (211). By the refrigerant repeati ng such
circulation, air-heating within a store is perforned, ngi the i | ors of
col d-storage 20 showcases and freezi ndd showcases are codf dANURYr t he
first air-heating/freezing operation, a cooling ability (amunt of heat
evaporated) for the cold-storage unit (1C) and the freezing unit (1D) is
bal anced with an air-heating ability (amount of heat condensed) for the
i ndoor unit (WBjer gos stage, aliRGdgohanhésthirged drvom ehethvetter compegsson(ZAY t he
liquid refrigerant flowng fromthe second branch pipe 25 (11b) to the

first bimheke Firfienddliderta tompetiori @B), flobe fromuihe fist fogewaytselectsucked
35 27 January 2006 fromthe receiver (14) through the communication liquid

pi pe ( oIVE % gﬁ'r]%u\%'_hrtﬁﬁa comn%ﬁbaﬂ%rpga:( bip%)(n?hﬁoltham&orr%fegd Sedanged S

superco pressure gas refrigerant at the portion thatthe

conmmuni n e

o ovi defrdradest SoRiehfed fbke®” T Vand R PH G A6 %3%%@%%’%? g ol
refrlgerant flows towar the ol e .he and .t he
frecy nbecsreatbreseeme@f‘eﬁldl(lﬁfp RdEst B PiPE L] Foarg s Capmiatialt: o
refrigerant fromthe second branch pipe (I1b) to the first branch pipe
(11a) ikqpidsgipedllh flash gas is condensed into a liquid and then the
liquid is supplied to the heat exchangers (45, 51). 10 <Second

Ai r - Heat i ng/ FAget of tiGbinaid mfitigdhet Slevong iaithe Mesitliranglf pipez(lig) Sloersat i on
I's an operation with excess air-heating ability in which during the first

ai r - heaitira@gh HiReZblagstopeadxpaiisionhalva(46)hiacd iligcabistarage hedt dxvdahgeoor
~unit (1B) is superfluous. During the second air-heating/freezing

oper at i gfns ). 228 (RBRY e dpdrhied tﬂeretixheThe\benérefsarfseﬂmeq&ﬁﬁa réffer At dwinighe

first n I nverter conpressor (2B) constitute the conpression nmechani sm
(2l B i el SRR p RSI ISR ) i 20
| nvertei_reemn’gr ee:?psansmn 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 showcases 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
ﬁeat,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  (11b) to the first branch pipe (11a) is insufficient, the liquid refrigerant is sucked



(2A), the first non-inverter conpressor (2B) and the booster conpressor
(53) are driven. The second non-inverter conpressor (2C)_is stopped. 20
The second air-heating/freezing operati%n is an operati FPNYHY
air-heating ability is superfluous during the first air-heating/freezing
operation, and is the sane as the first air-heating/freezing operation
except that the second four-way selector valve (3B) is switched to be in

t he secdinomsthet secatveshdvn tbyoughethesobmohunicae®ni hqiridgpipe. (139 idfo Jeendiasty 2006
A part of refrigerant discharged fromthe inverter conpressor (2A) and the
first narahélygiper(1eayPrEes dquid Bifrideddd isNsuipRecddieb oy Daad-sreshiagsds (41)
and then 1is condensed therein as in the first air-heating/freezing

oper ati %fng Oﬂd?ﬂé rtiondhl FRf rdé)gl?rfl ic Eb? gﬁf(ﬁ? %&'mﬁng&j.MeanCh

pipe (Iib e first ranch pi pe I cation

l'iquid e he ot h part_of efrigeran schar,ged m t he
 nver t eflo @néﬁﬁéé%sas e% oafﬂpéom dradifien 35k °qhsrwsg§8r BB o
fromthe auxili acL fg% @Q quqq t he se ond f é" sel ect or

val vé (3peraied ge figestnt s \w&‘ya fhectald-starags & eRt3pC 2BEE A4S ATdobe gas
pi pe (9) Then, the refrigerant is condensed in the 10 outdoor heat
exchangdieqzng heneexdnogns 631 | fosardinglyi gjeanaiita pers séshe hiquidyrefrigerant
receiver (14) when flowing in the liquid pipe (10). Further, the liquid
refri gerfatin thelsewsnd bratchhpipadl tbyrtauttiecfitst dnaddhopipe (pip)eis(flals};e'dnh dlashe
first branch pipe (Ila), and joins the refrigerant fromthe second branch

pi pe (114.is Aoﬁééﬁse@ﬂnid"@ hlququa@h f1Rdnr th@ QT i SuppiiRd tbRhé H@atféicﬁhnge'r@mh
pipe (11a) flows in 15 the col d-storage at exchanger (45) and

evaporat(?g ﬁreln The other part of the liquid refrigerant rovm ng in
the fir branich pipe (Ila) flows in the freezing heat exchanger (51), is
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gas 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.



refrigerant discharged fromthe booster conpressor (53) at the | ow pressure
gas pipe 20 (15). The joined refrigerant returns to the inverter conpressor
(2A) and the first non-inverter conprassor (2B). Wil e 2/héamiaey 2686si de
gas refrigerant flows in the | owpressure gas pipe (15), it heat-exchanges
with the liquid refrigerant flowng in the conmunication |iquid pipe (11)
and thus the liquid refrigerant flowing in the conmunication |iquid 25 pipe
(11) is super cophedbf rehiigedant/disthasgedi fyemahe invirter doeprebst (@A)aindi tger ant
fromthe 37 27 January 2006 second branch pipe (11b) and the joined liquid

refri gerggt ndhouSerk - f i t; eezin
ig n rtdt doepreSdod-(2BYTRESs i@ m@é‘&hﬁé’&gﬁkcl{aﬁl}%gﬁ‘g %#Eletth é 9

heat exchanger (51). Accordingly, the differences in e
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exchanger (51) becone larger than t ool i ng

I S not rfor i refri ating.ability is exhibited. .

A t noughtend "§teer I 108) sisted Seauih Rk Bsk Ll or e st Brankiinee v« n
the Liqui efrigerant, it is mxed with the liquid refrigerant by liquid
i nj e%tiﬁfa)ﬁ;ﬁ Qre e‘i’%mmb‘Bé“é‘i“l?l”g“l‘ngPr'B?/éH)-the degree of superheat of the
gas refrigerant from being excessively large in a conpression process. 10
The behavi or dtherether gartapf thgureifvigenane dissbargedafromhtat inwvgftkr eemipnessor
operation w | be described based on a Mdllier chart showm in Fig. 10, A

refri ge2A) and therfiseasmdntarta pohptesforb2B)hows \fasth ehe @0RNIES A6 pipd) and
the first non-inverter conpressor (2B). A part of the refrigerant at the

poi nt A(is) th@@ﬁleﬂﬁaes@c@ud F8-Whf Qlecitial RXSB) MR thé Fikdt foQrs z@géetﬁ'%]ctg- The

ot her part of e 15 refrigerant at the point "Ais condense _ e out door
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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 i.n
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 (53). The gas
fefrigerant 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



to a point C2. 20 The refrigerant at the point ClL joins the refrigerant at
the point C and the joined refrigerant is changed to a_point C3. The
pressure of a part of the refrigerant 37at the point C3 ¢ Jeswgeed00® a

poi nt F by the col d-storage expansion valve (46). Then, this refrigerant
Is evaporated at, e.g., -10C and its state is changed to the point G 38 27
January 2006 A part of the refrigerant at the point C3 is sucked by the

boost er secomt brseh pipo$)1b)lindsthet jotngdrléqad refriferidt Boweln tigeédat stbmgeeduced
to a point Hat the freezing expansion valves (52). Further, this

refrigenaat éx%hﬁf{%?&om)egnat t,heef&ezing?:ﬁ&ataeﬁchﬁgemél').nt A%Bgdi?%g,sttﬁa

conpressor (53) at a point |I. The refrigerant conpressed boost er

conpres - I n L Q| r.ef.i 0 he ¢ol d-s age
noat oxchiizietites J8 o RuREbortnt B ATtz i hb RELPHord b Behngsr i BIa"T o
t he point The. refrigeran t he poi nt .G heat - exchanges w th the

| qubd g the Srerrittaped: rucharaR (ob beceiBe Teiset HaadBass 6f Do aen highe
liquid refrigerant is supercooled to the point C2, This gas refrigerant is
m xed WiSHRELEOPHRE| e NghtPestriade ShyhateBig refrigerating abilitys iy exbibitedpart of
the liquid refrigerant at the point Cl1 to the point L by the electronic
expansi dxlthaighethe 295 re¢fibigepuntiis superedted biecatisnjofbeateeRchange whitht thietlzjusd at e i s
changed to a point M Thereafter, the resultant gas refrigerant is sucked
by the refrigerisy; icoymmiess ovith 2% ligoitl tdfeighbians byi liyysidt igfect@ipr THSQrit (£B) . By
repeating such circulation during the second air-heating/freezing 15

oper ati QssiBld tHesehvBst Whd megre% SF AuPeteaP Il MeMBAs @Qﬂlligé}snﬂ' @xto%?]ib(}ﬁ of

col d-storage showcases and Treezi ng showases are cooled. At this tTne,

t he cool &Pﬁses?‘?grlgilgﬁée iﬁaa%mérf%iolﬁﬁgkcgs‘é?por ated) for the cold-storage unit

(10 ano? ezing unit not " bal anced with the air-heating
NIRRT s IR AT AW ES MR e
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.



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 tI88 first air-heati id/darsezy g§06
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 conpressor 39 27 January 2006
(2A) and the fApsrtt afdhe irefvigerant at ohppeins €13 i 3Bk abing thid bdestéhenypiepserssi on
mechani sm (2D) for the first channel, and the second non-inverter

conpr esg8B).( ABus, thHengiestureast thiterefHERfM% 54 oduree ani soint 3at I flebAngecond
channel . The inverter conpressor (2A), the first non-inverter conpressor

(2B) andy Hﬁsiéﬁq%ieﬁg@[ nFﬁ&Bgﬂ Jrﬂiscpém@@%?gri§ %i%g%m%&@d {éiétfg.gg.;ﬁ*tﬁ Lhgr. the

boost er conpressor (5 Is als I ven. al r-héa reezing

operatiqn.i f | Fraeat in ity .is insufficie in the
first aire iﬁédaﬁ&éé% Eggszt%gg%égeﬁgﬁ {)Sr‘;i rj a?%gp?ntilg bg]ﬁ'f%?ﬁ%r&npﬁﬁ'gﬁr?ﬁe‘ghﬁunt of
heat _evaporated is insuffig#ent. The third air-heatin /freezing operati on
's tfe dhRbonsier FEMPIPEr 5 ek PPITS 1 06 ThegeBigstart BRrLihecinld:sherase e 10
openi ng of the outdoor expansion valve (26) is controlled and the second
non- i nverpbexdengeretkrandaly stase gf thedrined frefrigergnt isrnhanged baithpepbifit 6m t he

i nverter conpressor (2A), the first non-inverter conpressor (2B) and the
second non- i nvithetgas refmgrresisatrih¢ peintfG best-exdhnogeshwithahe tionithiedepeant gas
pi pe (17) into the indoor heat exchanger (41) and 15 then is condensed

t her ei n,at &ife pdint (02 fol besdupilieddedid 2pbint 462 THE liIQRRT AlFFigBrant Mesupepsigas ed
liquid refrigerant is branched fromthe second branch pipe (I Ib) into the
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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 (llB), 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




20 liquid refrigerant flowwng in the first branch pipe (11la) flows in the
freezing heat exchanger (51), is evaporated therein, and_sucked into the
boost er conpressor (53). The gas refniogerant evapor at ed?bignygey 2006
col d-storage heat exchanger (45) joins the gas refrigerant discharged from
t he booster conpressor (53) at the | ow pressure gas pipe (15), and the
joined gas refrigerant returns to the inverter conpressor (2A) and the 25
first ngpAhnwsd tihe CospmessmveftaB) comfredsor) {BBRT §ordtidte Thige | dodmbirdssion
refrigerant which is condensed in the indoor heat exchanger (41) and then
flows | RyddhGnRNTRIN) EGH theTFirki Bhhepi O psui d
pi pe (36)&'Itﬁﬁr%ugh t%e regei veF%H( 14) agﬁ(:fﬁ%%gciﬂut dooéﬂgﬁpeg%i 5@%/%?\%(:?26) to
the ou ( ' v, er-gl n,
cvapor af S tiuRaChe SHAARIRER enaiith (PRI ouR REOAT LRI BB,
t he evapor at ed ri.gerant. flows through e first four-way selector
vatve. ( Sampkeior REAL3he BB invsy 3 SomBrsRsit AR o chsesindpormibvater s on
pi pe (6¢c) for the second non-inverter conpressor (2C)_and then returns to
t he $ecSRMPROMOT AE) s duBspr EuEher, thepoostre compessser (T if also drévemt duri ng
the third air-heating/freezing operation 10 will be described based on a
Mol |'i er chart ThladWwrdiairdhegting/2reeaingedpirgtiomns perfoome vdenatietair-hegtigit A by
t he second non-inverter conpressor (2C). Arefrigerant is conpressed to a
poi nt Babifityhe insuféiciarn incthepliess adrhéd g/ froezihp eperatidn, rig); isnyarféeied
conpressor (2B). The refrigerant at the point Ajoins the refrigerant at
the poi R¢heB, axﬁmohh@ombﬂe@vdf%fraﬂeaqgaﬂéufﬁéieth@.nmﬁ% Fir-hkatidgMRledingd by
t he i ndoor heat exchanger (41). The pressure of a part of the refrigerant
at the Lk oG d ol,:nt - r ngj.on
val ve (%gsgtt'?ﬁelns, ﬁltang%HEe rlhgée%ﬁt hﬁ?sheg\ggg%ff%? gldgc g’k’ ,gra%fé)?’ge’?&-p ié and its
sta I s.change Q a int G A.part .of refrigerant a he point d
s i SatHETRE 8o QeRP sppetiifl vt LKL onERlR ol iy sBepnd
refrigerant, C .

non-inverter compressor (2C) is driven.

A refrigerant discharged from the inverter compressor (2A), the first
no‘n-inverter compressor (2B) and the second non-inverter compressor (2C) flows
thfough 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
éondensed 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).



20 is reduced to a point H by the freezing expansion valve (52). This
refrigerant is evaporated at, e.g., -35C and sucked intg the bogster
conpressor (53) at a point |I. The refd0i gerant conpresse?(? ﬁnnggﬁster
conpressor (53) to a point J joins the refrigerant fromthe col d-storage
heat exchanger (45) and the state of the joined refrigerant is changed to
the point G 41 27 January 2006 The gas refrigerant at the point G

heat - exchangeheiliduit refrigeyandwhizhris genderseddh thérindoir rhba{:éxd‘hhﬁgérnglP rom

t he i ndoor heat exchanger (41) in the comunication pipe (11). The liquid
ref ri geraadithéh @Moiwdin thet difin@OQATEAR0G Alquad pRhdEL 1) o w Frons YREbAPCh i@ t he
point C2. The gas refrigerant flowng in the | ow pressure gas 5 pipe (15)

| S supepiiea($e) tRodgRhBlre bl)‘//l_{]ﬁleﬂ Eﬁ@gﬁ@ oﬁid&&?ee{p‘iilﬁiiogle\'}@% ézgi) ttﬁ'_ﬁpgm nt

C2 is reduced to a point D out door expansion val v

refriger | , - nd . sugked to..the second,inverter
corrpressogpéo(d ézl}e%\zg'ta& gﬁ%tlﬁ%t (aqté’. aﬁ?}gh%%sléggﬁ?%&d;ﬁ}erg?. t hB FYBRPTakE] 825 yed
with_a refrigerant obtained,b 10 .reduci t he pressure of the liquid
refr?gef ‘é‘%‘tgeg?“tﬁﬂbwi)ﬂ} ﬁle c&gd?%r Q%é’lb?)?%r l{‘gg}ﬁrt the evaperated grredsigeniat on
valve (29), so that its state is changed to a point M Thereafter, the
resul t aflowsethrioyghathe Hrstt frurpsaniselacier galyeetPA) anfethensesondr fcwmpaessor
(2A) and the first inverter conpressor (2B). By repeating such

ci r cul aselentoraiatven@d)iintp thietsbichiom pited(be) for the séamuatbraint/ertkb comprdssder i or s
of col d-storage showases and freezi ng showases are cool ed. Nanely, the

cool i ng(20) kid yhdrarauinis tofthbaatomvppinleettr cotiprédier ¢aCy- storage unit (10
and the freezing unit (1D) is not balanced with the air-heating ability

(amount of heate b%ﬁﬂdﬁﬂ_s(ﬁdﬁeﬁfi?érahhﬁuﬁﬂg(?% P4 taircﬂ@tingﬂgei.iﬂg Ebtf;ei'ﬁkaglnt

evapor ated heat is obtained rom t he outdoor heat exchanger

- - Bid ectinde HWRAGLEDIL:d 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
compressbr (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 L.
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.




I n accordance with this enbodinent, the liquid |ine for

col d-storage/ freezi ng channel and the liquid line for the air-conditioning
channel share one comunication |iquigd pipe (11), and t3Helarsanir0BEt i on
liquid pipe (11) is provided adjacent to the | ow pressure gas pipe (15)
serving as a gas line for the 25 col d-storage/freezing channel so as to
contact it. Thus, a liquid refrigerant is 42 27 January 2006 supercool ed by

a | ow pressur qhgagasirefiiggentst the pointhGtheat-exdanges aith thaviquid refrigerant
enthalpy can be supplied to the application-side heat exchangers (41, 45,

51). Psnﬁ'm fto*tnng'ftéxﬁrtﬁeqﬁ@adrrheemetaamgebgtwﬁnttfeeéorntxaeﬁﬁahanat

entrances ts of the respective application-side ‘heat exchangers (41,
be
s

45, 51) bec | a r i
or event &P em).f‘f%?p%ﬁﬂ‘ér Berihel i B85 nk 1y .ernggﬁtﬁdl%frpﬂt {gIpe
channel s are egrated jnt ni_cat the tota
nunber SRPECRAA Bt RoB o2 de §Rtagsran dopin gwbgtgwérf e &Hfect i ng
plpes is easily perforned and the __possibility of connecting Wrong pi pes

y Be mirrICED.is opeiheatrsk to 4 peind K.s provided the liquid injection pipe
(27) for supplying a part of liquid refrigerant circulating in the
refrigerant cilhewpresgurEpftie rdfdgetant abthespadnsCafis redused daprrostiD by the
mechani sms (2D, 2E). Accordingly, even if the degree of superheat of gas
refri gercatdoddt expunsiaicvabre ¢i6)e Thixo refsigesargeiswhaiposated qitj €. g ef59yendint is
supercool ed by the gas refrigerant, liquid injection can prevent the degree

of 15 sypekdiea tlféfseTcBﬁdr1ﬁ'3ér'té}edcﬁ‘ﬁ‘§re§§d?r(2®'a@g goigepsi vely large in a
conpression step. The alum numtape material (12) serving as a heat

transfer materal tssrevmg@.%ﬂgtmgofﬁ%qg Qh%tt?f}ftﬁ ?ﬁt Bbﬁﬁleﬁlg)% and

the IOMFpressure are surrounded
5 e e e b efa“m?hé’s
ggfjle(r:;? :gge(ct%ggmc Lgpt?rfs?grg 9glve (29), so t alljt(ips s%atsetlg lclgénugre% to% prz)?r?ttMe @?Qa fe
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 communication 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




supercooling of liquid refrigerant is not required and thus the structure
Is not conplicated. --Oher Enbodi nents- The present invention may be
structured as follows with respect to 4he 25 above- des&'i VW aE 8P ment .
43 27 January 2006 For exanple, the refrigerating apparatus (1) which has
the cold-storage/freezing channel and the air-conditioning channel capable
of performng air-cooling/air-heating has been described in the above

enmbodi megifpercd¥vd tiyhelleaspresierepiaasesfitigeavenid et Ryerbigerdnp|Ha®thd wer
apparatus having a 5 col d-storage/freezing channel and an air-conditioning

channel é?}ﬁﬂ'hlﬁ;?t g R s@HPI&PL P IthE ApIRAABLAIMS hiéﬁf’ieﬂ?l?a;‘]heggl‘é”(@i,i u%, %),

col d-storage/freezing channels. In”'such cases, gas are not’ switched

b | -S4 ' .Sj ' f, 1.
o veen o ATTEH RO ARG BBl U, 1o

channel s. we egr
Specific structure of the, appl,igation-side or fhe_heat:source side pay be
Appr opr | HeeTeyDEatify BRI IR e (Foh SREFARERED (Bl $51 B0 BRERs (rghy R fon,
the structure only has to be such that a liquid refrigerant in a liquid
si de ondemeasgtindsirigengting abilily ke prsyratedigyes if pingsrasedenge gas
refrigerant in a | owpressure gas side conmunication pipe. 15 Industrial
Applicability As tegsotiloed dbovae,plutditpr ef echiannelsennre omtégratesiefindo fome a
refrigerating apparatus. 27 January 2006 C ai ns 44
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 abovg-described embodiment.



1. Arefrigerating apparatus which conprises a refrigerant circuit (1E) in
whi ch conpressi on nechani sns (2D, 2E), a heat-source side heat exchanger
(4), 15 expansion mechanisns (26, 42,46, 52) and appl ¥¢ataneRns28E0 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 ‘

ai r-conditionipyy CBRdiple, ar theCOndtRiGepAing @@Ea}alt@i t@)t NOhRPTPMES S| 1.

nmechani sm (2D, 2E) and the heat-source side heat exchanger (4) and the 20

Co”pres%f’d"-sﬂi‘?ﬁgé‘/gh ?§1g( 2antk) ME ﬁ%”fﬁgﬁé%gﬁit%ié‘%etcﬁal%lcgrgﬁ?ﬂg ¥

swtching a p of conpressors (2 tween f

col d-storage/freezin hannel and, for the air-conditioning channel

Wher o n BerGEmIRE aiseop EPERRThessE het BRER AeRiriafhit the RPRTP afitdient
conmuni cati on pi pe tgh(]él)’ and the |liquid side com;alrzi cation pipe (11) is
provi dedVNeveaihsless: Rresst pwsatier gy degereliphuin capPeEtup bavipgsy for a
gas line in the cold-storage/freezing channel so as to contact it. 2. The
r ef r Bgercald-atprapg/regeing ofhashel mnd fan t siecosditisming nghannel qdedicatsdedei on

pi pe (27) for supplying a part of liquid refrigerant circulating in the 5
ref ri geradntodling wrtapphBgtus hasingt a giusalde ofafolisecrageaffreessigoohamebanils s

(2D, 2E). 3. The refrigerating apparatus of claiml1l, wherein the liquid

si de CORIURI EaxekOMyaRi Pieé 1k ABE IviecHAVHREREGUTE 16@SpksifeCoiLAhga i on
pi pe (15) which are disposed adjacent to each other are surrounded by a

heat trag ial: T [ ' s qof ¢l aim 3,
wher el n TEEEEreRHE T in ot bf D cflendifs TRLE B Hdsds SRREECHUEII G, &1
material, a | iquid side conmunication pipe (11) and the

d
| ow pr eggﬂ’r gglijt?g’téqqg‘é comuni cati on pipe (15).

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 c;an 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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Claims 44

1. N A 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) fora cold-storage/free#ng channel and the application-side heat exchanger
(41) for an aif-u‘.;onditioning cha'hnel are connected in ;;arallel to the compression

mechanism (2D, 2E) and the heat-source side heat exchanger (4) and the

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

adjacent to a low-pressure gas side communication pipe (15) for 2 gas line in the
cold-storage/freezing channel so as to contact it.

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

3. The refrigerating apparatus of claim 1, 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).

- 4. The refrigerating apparatus of claim ‘3,1‘ 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).



