1 REFRI GERATI ON APPARATUS TECHNI CAL FI ELD [ 0001] The
present invention relates to a refrigerati on apparatus
having high and | ow stage side refrigerant circuits
whi ch are connected together through a cascade heat
exchanger to thereby performa two-stage cascade

REFRIGHERAEFQNIARPARATES Refri gerati on apparat uses,
intended to be installed, for exanple, in convenience
stores et cetera for the purpose of providing indoor
space air conditioning (cooling/heating)

TECHNICALFIEPWS! Y Wi th col d/freeze storage conpartnent
cool i ng, have been known in the conventi onal

[0001} &¢ N hsenf SRl Pelied id gqe@age&ﬁoﬁ fudShayingeligh and low
efrigeration apparatus Vi h stage s
stage % ef rrebggeerrea% tcu(éllngs?ghlclé%ﬁen%% %@'&1 ?&g%gﬁr ﬁir?l}?ﬁl{o% é#cgc?é’ Rt exchanger
sca e heat exchan thereb erforn1a t wo- st age

to therg 0156 ST TEGIEFEOn BT For exampl e,
JP- A— 2002-181406 di scloses a refrigerati on apparat us
whi chRefrigertion apaaiussre iriiied io ap instalisdi for 6FTRenig fonvenience
exchanger for providing air conditioning of an indoor

stores s aeteraafiod theopirpesy ¢feprovidinghindeen spagcoair sorditigning (cooling/heating)
cooling of storage conpartnents. In addition, the

simulteieosly gwith atol d/fiebzen glorage acenpayayoas esdolifig,cbdve: bear kgewn in the
heat exchangers for providing cooling of cold storage

conveRUHRPEE RIS Sy, 2 sach h eE7geration agiRrdtes theex Bhamr@tgerdtivn apparatus
provi ding cooling of a freeze storage conpartnent.

having £ BR3] stSRNGIECIBGedrintRict laBi aWbihstddassidy @frigdrafiQirehill Svhich are
refrigerant CIrCUIt of the refrigeration apparatus

conne@céc? tc%'é%h@% [hfﬁlgéhdé Eésgﬁﬂe']g:lapé{c‘ﬁﬂh er 39 thefd) e?fo%aagﬁvo -stage cascade

troni ng heat exchanger
ectlvely providing cooling or heating of the |ndoor
refng%%?a Cyc di sposed in the air conditioning circuit. On

o &x@%ﬁf’q -5 Brd sl e e%ﬁg%ﬁﬁﬁ?éfmarg g which

di sposed.in the cold storage _circuyits. addi t i a
mcorpﬁrag% thersinean; pig CORGHPRIBE ISAL eXchaRasy %Pro ine & CAY ae'ﬂmg of an
a first heat exchange section of the cascade heat
indoorespa¢raanglenooling tieat exehapaers fenproviding capking ohvierege gompartpents.  In
2
addition, the cooling heat exchangers are composed of cold storage heat exchangers for

providing cooling of cold storage compartments and a freeze storage heat exchanger for
providing cooling of a freeze storage compartment.

[0003] Connected in parallel with the high stage side refrigerant circuit of the
refrigeration apparatus are an air conditioning circuit and cold storage circuits. The air
conditioning heat exchanger for selectively providing cooling or heating of the indoor space is
disposed in the air conditioning circuit. On the other hand, the cold storage heat exchangers
for providing cooling of the cold storage compartments are disposed in the cold storage

circuits. In addition, a high stage side compressor, an outdoor heat exchanger, a first heat

exchange section of the cascade heat exchanger, and an expansion valve are connected to the




hi gh stage side refrigerant circuit. On the other
hand, connected to the | ow stage side refrigerant
circuit are the freeze storage heat exchanger for
provi ding cooling of the fr@eze storage conpartnent,
.. a low stage side conpressor, a second heat exchange .
high staget side refrigetant cirewit aden Keaothex dandgeonnegtad tanthe low stage side
expansi on val ve. [0004] In the above-descri bed
refrigeraft rdiigeit atd the faggzarstdrage, hdab exeheage for pdoviding canlingdbthe freeze
space heating operation node, the air conditioning

storagé @ainpex@BR) dclowl $tigd 5188 TodPredsdiO A GROGRY heat Rflclid@at Section of the
i ndoor air while on the other hand the cold and freeze

cascaddHRAAGEhAMRRE, afX G 8F0RESn vAWECT i On as evaporators and
cool air in'the col'd and freeze storage conpartnents.

[0004# n the, eeglgév%-ec{?gégib%ﬁ r@ﬁ%%gagl{roﬂfxfsop%}'rﬁgfﬁs efe%é%%ijet, %Egﬁn indoor

reeze storage exc
he. cascade heat exchanger..to the hi st age side

space b ingCRAE o i 16 LA fihing P dnEbarge” ABEBoOfCes A gapdenser
by the air caonditioning heatf exchanger, for heati of

and hedfie Ideabal whkcan thereﬂ%hﬁ%,thq IR 08, fagep ghrags Bt exchangers
_apparatus, heat on the side of the | ow stage side

functigre iy pyanomaters andresgl @irjis the celdeanshifregzet ferage sempartments. In the
exchanger on the side of the high stage side

refrigeratfoni gpaeatus, dieat absortzeddby hiee freezey stomge Heat ekchangér| isztzahsferred
in the heating operation node. DI SCLOSURE OF THE

through NWeNddscid cPREMBL ExdvhariddATio THE iyl EtHdeOblde NEHieTtank Crifitlity/fand the

[0005] As described above, the refrigeration apparatus
transfetedHe@EI8 Uséd byt 1he aRHoffitioHig WB Exchdnber for 202l ¥HO Mdoor space.

is configured such that it can provide air _
i : 0 1
o s SRk S paAaS ol RS Tl T gk 8 Rrigerant
. .St 0 t er.ei e ai did hani :
crcuity s F3erpd DB PREAG PR obEhibd o ite, SAPC0F TN stage side
. the freeze, storage at, .exchanage re.provided on.the

refrigq g el it RN PR VI GP R LAY I P st SRl B0

cooling of the indoor space by the air conditioning
DISC%QW%‘EQF&HE&IWN%O ool i ng operati on node ranges,

for exanple, from about 20 degrees Centigrade to about
PROBJGEMSEHATSTRE AN ENAIONAN EENRS (¥ SHIAGE. hand ¢ ho

tenperature of storage conpartment cooling by the
[0005k 0l d At desenjecdrabave,che redrigentiomenpastus disclesedripitls patens document
O degrees Centigrade to 10 degrees Centigrade, in
(JP-A-Q0OBN 8 IMDKY S5 tchefigired sadtdthat dncarg plwvide eix cbadigieningnel the indoor
the cold storage 3
space simultaneously with cooling of the storage compartments {cold/freeze storage
compartments) wherein the air conditioning heat exchanger, the cold storage heat exchangers,
and the freeze storage heat exchanger are provided on the utilization side. Incidentally, the
temperature of cooling of the indoor space by the air conditioning heat exchanger in the
cooling operation mode ranges, for example, from about 20 degrees Centigrade to about 30

degrees Centigrade while on the other hand the temperature of storage compartment cooling

by the cold storage heat exchanger ranges, for example, from 0 degrees Centigrade to 10

degrees Centigrade, in other words the air conditioning heat exchanger and the cold storage




heat exchanger differ nmuch fromeach other in
utilization tenperature range. The air conditioning
and cold storage heat exchangers of nuch different
utilization tenperature raBges are connected to the
hi gh stage side refrigerant circuit which is a cl osed

heat eré¢lranpert diffed mbet fromheadamthet et utjlézation tbinpwature range. The air
t her et hrough. Consequently, it is required that the

conditidalip adetoidosomigt Heat exaRapat est mucklidiffeesnitilization temperature
tenperatures in different heat exchangers, i.e., the

rangesaaké corneRtgd td ﬁ’l@'}ﬁ@uhQSg'Et sife'fe ﬁ{t c?r@&'it WhkhGe 'a‘llo%E&’ Eﬁ‘&ﬁt so that

heat exchanger I's accordingly produces the prob

the sahf%a%&ﬁ%e Qs ‘ﬁ'ferétﬂ%uél?f r 'Cl%ggegtﬂgrg )Fniger aﬁeﬂffﬁed nchﬁa‘flﬂ: same

anger becones -conpli

e descr| obI em bec en_the
refrigeBRf B SARFER o B, ERERAAGLl SHErh e s, 1, the a
storage heat exchanger, which differ very nuch f
conditighing heahfachanger aad F £ald Wrageehist Peabareery AR, acegrdingly produces
connected to the high stage side refrigerant circuit.
the prokdernrinithal sentrohef therelrigeand iemiperatus irf eachr keat ieyetangeiobecomes
appar atuses capable of facilitating tenperature
complicatadr ol in the air conditioning heat exchanger and the
col d/freeze storage heat exchanger (cooling heat
[0006]exchThgabdveriésetibsti priobleni beBnRaatiotsaeibud Whet ithe Zialcomditioning
tenperature range. [0007] Wth the above problemin

heat ex@h&ﬂkb r hitPthe rfFe'é%‘itofa@é’ B8t e QEhaVBS, WRItheGer Veﬁci‘?ﬁlﬁl‘ij frﬁﬁi dach other
ject of the présent inveAtion is to provid

in utllfzﬂﬁ)oétt ritdn’ gcﬁlg Flrer é&ﬁ%&t&c‘] QP théMigif s{agg rél&e[‘éﬂlga—ﬁvt circuit.

appara capa facilitatl ng te ture con

Accorcinﬁ%}% h&lexael nede:ntc% 'Lgﬁ? Iforhge%ge ra ! 2k %D\e{é %!f r}‘gcﬂltatmg

or S pac ontngcand’ 60 |ng

temper%%&@r&%}a 1fg Q ‘W‘ﬁléow di ng at ora)? co art sz?e&eﬁ%éage heat

present, i nvention, the ajr conditionjn heat exchanger

exchfmiggr (caplipg beat eshgngen whish differ fsemgack .0§@r ﬁ%ﬂlﬁlll@aéxoarf@mperatme
circuit while on the other hand the cooling heat

range. exchangers are di sposed only in the | ow stage side
refrigerant circuit. [0009] More specifically, the

[0007]pr esenWithn¥entabove prodemiesny mmda ther present pawenticm was devised.
refrigeration apparatus in which a high stage side

Accordiﬁi;ly,i desbiett of tHeqitedent My er@tivg i8td provRieagt®vosital® cascade refrigeration
refrigerant 4

cycle refrigeration apparatus capable of facilitating temperature control in the air conditioning
heat exchanger for providing indoor space air conditioning and the cooling heat exchanger for
providing storage compartment cooling.

MEANS FOR SOLVING THE PROBLEM

[0008] According to the present invention, the air conditioning heat exchanger is
disposed only in the high stage side refrigerant circuit while on the other hand the cooling

heat exchangers are disposed only in the low stage side refrigerant circuit.

[0009] More specifically, the present invention provides, as a first aspect, a refrigeration

apparatus in which a high stage side refrigerant circuit (8) and a low stage side refrigerant




circuit (9) are connected together through a cascade
heat exchanger to thereby performa two- stage cascade
refrigeration cycle, the refrigeration apparatus
conprising an air conditiondng heat exchanger (45)
for selectively providing cooling or heating of an
circuiti(P)d@e compad togutha throagh b kaschdmheae kxdhangato (hereby perform a two-
49) for providing cooling of a storage conpartnment. In
stage dabéadeatfriggfitiohi c9bleaRakaigesatidh dpperatisr mpaRCn git cbhditioning
present invention, the air conditioning heat

heat eﬁﬁ%g@%g&g%e}égﬁrg&?%?ﬁ%gowoﬁng e ifRGeikY 8P aft liAdor Spa& and a

l e on"the other hand the

._cool.i ng, heat C g 4 . ' j
cooling Ry AU (92 HLFRvidiR el 46n PoBR WiBiptn 1
.n the first aspec f the esent i.nventi a e s
the reff BorhiiILABRATNS SLfBF BT ESRSE QO BEoTnS ITNGREOR i€ popglitioning heat
side refrigerant circuit (8) which.is a ¢lose cLEcui&
exchanggy (45) &5 diepasahepydn yhe high tiaes sieFLTigRARGUGHIL £)cVilq qn the other
performed in the | ow stage side refrigerant circuit .
hand the)conking thepis exchangers@dac #7lbuf?), isi dispesedroniprinshe low stage side
so-cal l ed two-stage cascade refrigeration cycle is
refrigepeait tocuie®). [ 0011] More specifically, in the cooling
heat exchanger (47a, 47b, 49), refrigerant absorbs

[0010]heat I# tidiat hsgett e ProeaveNIBAAL reftigbradon cyde is performed in
evaporated. Stated another way, the cold storage heat

the hi%; %ﬁ%@ Gide fe‘fﬁ%eraﬁﬂ&_rcu‘f‘tgb)fWHi% 1191S cRSed BirQMA MGl iultaneously
the other hand, in the air conditioning heat
anotheggegf]g%lﬁggén r&r{;tgge Es%?fgﬁﬂe& Pemk Wgﬂég?c‘ E@Q Eeefglgé’ljfh{‘&rc_mt 0(9) which is a

rrgerant a rom.i naoor

oSyl BRY B TR A998 pertomec.
o011 oS S, IR SRR R, Dl

during the indoor space heating,. operatiagn de
absorbp Be3ti igw antin ghesiprage eemprrtipent gnd orygporated. o Niptedsanother way, the
condensed. Stated another way, during the indoor )
cold storage beatexchangeniddaad Tho ¥9nHumetionstas anievapuspi@rt i Omhegpther hand, in
heat exchanger (45) functions as a condenser. In the
the aircesdititminpe heateexcharpge (45) 4diring uthe rindadrespaerd omnlingpepeeation mode,
heati ng operation node, the heat of the refrigerant
refrigetdint bbsrboheat Fingeirgliodeaif ahd iss@npodatedi r Thit is &Yring the indoor space
absorbed fromair in the storage conpartnment, is

cooling 8 ¥R tholde, &B%&Bﬂitﬁ)ﬁfr%meai ExchBfgel I(48) Bhat@fs af lafl@vaporator.
refrigerant circuit (8). And, in the high stage side

In addﬁt%r{, !igetg)@r}ﬁr Ebiditibrding %)egt L t(4§g WSring SROYRIBH shice heating
utiTized to heat the”indoor space.

operation mode, refrigerant dissipates heat to indoor air and is condensed. Stated another

way, during the indoor space heating operation mode, the air conditioning heat exchanger (45)

functions as a condenser. In the cascade heat exchanger (40) during the indoor space heating

operation mode, the heat of the refrigerant in the low stage side refrigerant circuit (9),

absorbed from air in the storage compartment, is recovered to the refrigerant in the high stage

side refrigerant circuit (8). And, in the high stage side refrigerant circuit (8), the heat thus

recovered is utilized to heat the indoor space.



[0012] In the present invention, the air conditioning
heat exchanger (45) for providing indoor space
cooling/heating is disposed only in the high stage
side refrigerant circuit (8% while on the other hand
the cooling heat exchanger (47a, 47b, 49) for o
[0012]pr ovi bii thg peassknt/ihvetios, the aircayditioomgdicahexshangso (4ot providing
di sposed only in the | ow stage side refrigerant .
indoor Gpideutdolin@heatiy issdispospd ohlyeinaibe ligindiage sidengfiiigeaant circuit (8)
exchanger (45) and the cooling heat exchanger (47a,
while dh/fhe otfePhafd elicoliag eat ekchadger (€1} 47b,0P9dof povidih® cold/freeze
[0013] As described above, the air conditioning heat

0
storagdEANR, (dbihe 3 Alobdiea RGITR L lo Wl BIETOMMBLant (&b 0).  To
by diffe i ) ’
sum w468, B8 o aioSng et G nirel? L3 B TP e RAEIE Lpehedt @7a, 4

exchanger ,_(45) .and through the cooling heat exchanger

49) are(caspgsechipyslifforg 2.01%‘? CBFY#e, a first refrigerant suited
to indoor space air _conditioning by the air .

[0013]c ond i dsssrikgdhabave.cthe Han genditioping heat exehanger () andgthe pooling
the high stage side refrigerant circuit (8) to thereb%

heat exnbahigarnd3a,f 47hs t49) efke idipposadi iondiffesent ¢loged [cicuits, whereby different
si nul taneously a second refrigerant different fromthe

refrigefantsséan’ &f miade tafiowanespsetivielygl throogts ther @ig eonditigreing fheatt exchanger
cooling by the cooling heat exchanger (47a, 47b, 49)

(45) aftPthrOh Gelcoulind Beati dxchdifget IVasUABL4D dFheefore ge fiastirefrigerant
circuit (9) to thereby performa second refrigeration

suited % flc®or ﬁ;c%utﬁ@ Ehditidning bP 38 b BndiBbnfn@chedt Exchanger (45) can be
condi tioning and cool ing” heat exchangers (45) and

i fdmd v |k hdriif | first refrigeration

cirulafed .08 i sk, SN Pthcbdon oRLREIDND ety bfbom » st reffgera

ujted, .respectivel O the wutili ' . :

eyele ifle Syt RSY <o senTasi gt Rt Boh it FETPEGithtand suited
to the utilization tenperature range of th 00} 4,ng

(0 Stoge, COREHINGo COPIrEa b aPh, CORPE hesh tSchmErL (4 Akl can be

) it possible to facilitate control of the refri ergnt . .

circulategip dhealowr gagersidedefiiaceant cirglit(9) ybereby posam ?ﬁ%con refrigeration
present invention provides, as a second aspect

cycle. adosnuiupyittiopessidbld for the aispuaditioning andfcoplieg heat exchangers (45) and
apparatus in which the cooling heat exchanger (47a, .

(47a, 4Bh 49YRyvinppdificientestilizatioh dempratnmgengrsao empbdyadifferent refrigerants
(47a, 47b) for providing cooling of a cold storage

suited, G&JpRati oI d thangilidatidn’ t&ﬁ%)eraﬁir@ rage ofi drtaioonidiiionarg HedO¢xchanger
for providing cooling of a freeze storage conpart nment

(45) 2R (1R GRSt Anfdeathie’ BHEd of the dolinp HektdiRBaridre (4T, d17b, 49).
storage heat exchanger (47a, 47b) and a freeze 6

This therefore makes it possible to facilitate control of the refrigerant temperature in each heat

exchanger.

[0014] The present invention provides, as a second aspect according to the first aspect, a
refrigeration apparatus in which the cooling heat exchanger (47a, 47b, 49) comprises a cold
storage heat exchanger (47a, 47b) for providing cooling of a cold storage compartment and a
freeze storage heat exchanger (49) for providing cooling of a freeze storage compartment and

a cold storage circuit (3, 4) including the cold storage heat exchanger (47a, 47b) and a freeze



storage circuit (7) including the freeze storage heat
exchanger (49) are connected in parallel in the | ow
stage side refrigerant circuit. [0015] In the second
aspect of the present invent on, as the cooling heat
exchanger (47a, 47b, 49) disposed only in the | ow
storagestiengd () theludefgrthe freenet starhgechdat eXchpnger ii49)and comsikced geparallel in
heat exchanger (47a, 47b) for providing cooling of
the lov fiageciillcheSligorageiregiapar t mrent and the freeze storage
heat exchanger (49) for providing cooling of the

[0015]f F eeLethelseERAGsFRIBRTH PoEkenBih fention O tHEHoolityi eat exchanger (47a,
therefore allows the réfrigeration apparatus to

. ti (he.air fion
470, 45 SBORInIy IE BFTES AT ¥ PoBichpeCARls OF R stobfe hea
co rt t 001 The.present invention praqvides S
exchary [ T or PR EbE GPRTH 6 R ol EGfhge GopBafihentad & frecze
refrigeration apparatus, in which the freeze storage

Storagecﬁ?aé Lﬁg@fl@(nz)er (#0I %a d¥Oovfing sqoling of the Jrrsee stossee suparpent are

..compressing refrigerant drawn fromthe freeze storage

providege 5t This higeeiererallopa ghe refrigesatinnrppgiaiiy to peovidmprthe sarge time both

_ refrigerant to the suction side of a | ow stage side

air condidiopingsd the in868Yr spacpdadolimg ofthe cold/ feteag stomigd eompartment.
refrigerant circuit (9). [0017] In the third aspect of

[0016]t he Phepsaisentiinvailibh PRoviddspad oIkl Agect iceteding TP Hesseond aspect,
(39) and the auxiliary conpressor (50) are disposed

a refripétatibre é[pﬁéﬁ‘aﬁisaﬁle viHide the fifebfie sthgeC birbMt 1(7f MeludeANEh auxiliary
In the Tow stage side refrigerant circuit (9),
ds6 T d A | I

S o R et P TRRE PuS PR oo Rt exchanger

[ r 0). iger | s furt .

49) oSSUREERTRG 3 omhrSel Srhis2hr R AS st o5y oy aee sice
ot h rds, .,a so-called .two-..Stage.co essi on

compraSgt PPN MG U PREL U e e Dow st age si de
refrigerapt circuif (9). 0018] The present jnvention

[0017} pr oy ’@@,tﬂgé aawbe% the %féi?&£tn"5€ - G lpW stags, side icppgpressor (39)
aspect, a refrigeration apparatus in which the low

and the; auygharyj e@anpressey &8» arq dispesediin tholow plogeidids refrigerapt circuit (9).
_bypass pipeline (67) for enabling the suction and

And, indthedhargagesiidtersfingeraieincamy (¥ afdgeabntecvapoafedda s {1¢82)storage
to fluidly communicate with each other. [0019] In the

heat exchanigeln (d9p&ctompretded Wy dseemixilisry esvniprtssor €50)i gThantfiiperant is
the suction side of the |ow stage side conpressor

further C3@prezadd REhYRASERLE side doRRrétssic3oy. Jen itk valrds,esd-eilled two-
stage side conpressor (39) by way of the first bypass

stage chthPRLdiDErdfidaratidiPcRId 8 PEfbrnd i Wik o® ARIKIE R rigefant circuit (9).
[0018] The present invention provides, as a fourth aspect according to the third aspect, a
refrigeration apparatus in which the low stage side refrigerant circuit (9) includes a first
bypass pipeline (67) for enabling the suction and discharge sides of the low stage side
compressor (39) to fluidly communicate with each other.

[0019] In the fourth aspect of the present invention, refrigerant on the suction side of the

low stage side compressor (39) can be bypassed to the discharge side of the low stage side

compressor (39) by way of the first bypass pipeline (67). As a result of such arrangement,



for exanple, even when the | ow stage side conpressor
(39) breaks down and becones unable to operate,
refrigerant can be circulated in the | ow stage side
refrigerant circuit (9) by flacing the auxiliary
conpressor (50) in operation, whereby refrigerant is

for exanaple ceieh vHeR tievidpodigdecsidd Commasr (399 bidalis B6wh and becomes unable
exchanger (47a, 47b, 49). [0020] The present invention

to opeRid) ¥efei@granPéantbel difculitRBIRRRE 13¢ SAEAERO rdfRpdrBR diRUTtY®) by placing
aspect, a refrigeration apparatus in which the | ow

e B SHASS 19 PR Sy (S 1530 B W
I h 47b d th ti

s R FORRPSEp Rfenser, 470) o, e sucton

0020 TGRSR L  BOZE L g s

. outlet side of the cold storage heat exchanger (47b)
refrigegaionAppaRaEesia ahieh thsulghy stage side arldigetaphsiscyst (B inplades a second
(68) to the suction side of the auxiliary conpressor
bypass(15pglineA68)xfor esalilingdhe eutidt saierodnigrecdd stordgerheatorahmhger (47b) and
when the auxiliary conpressor (50) is placed in
the suatiparsidei afthe auxgliaghe corhipresson $30) t6 Auldlyesmmunicate beith each other.
circulated due to failure of the | ow stage side

[0021]conpg sigOfifth 38pect bETH HefeAn invedfidig refr] ggyant bh A& Butldi®ide of the
col d storage heat exchanger (47b) can be directed to

g . ¢ N .
ol s SR T o B B OO AS et 8
the su&tﬂﬁ*{ §ifd8 s ﬁ{@&ﬁ?{ili cgﬁﬁﬁ‘e'sg{re(gbf PLOY! 1%?111{: ?)?lsh@lg a?r%néelﬁ?ent, for
cool I'ng storage conpartnen y’'causing refrigeran 0
exchan%F

e 5T, 85 ARk 5 2 B! oS e 1 e
etiacP 522020 e O 15 S AL e (), eigrn

aspect, a refrigeration apparatus wherein a pressure

after flpwythyoyeh thecsodd Btorage 483t exghangen47h) rambr dirgsted to the suction side of
evaporating pressure of refrigerant in the cold

the awxgligyagmpresser (5Q)ctheaugbthq stzbid bypads sipelimed68)h et Thiethegefore makes
downstream end of the cold storage heat exchanger

it possiblcr tw) pravide aoclingnsitthe asolimgtt@hge ¢dnepseon by oyusigsrefrigerant to be
pi peline (68). [0023] In the sixth aspect of the

circulappdemethe dol Stokdgeheat Bﬁcmhg&sws) 6ARt P khe"BShanSoF {Cauxiliary
I's provided which prevents the evaporating pressure of

comprésg(glrdsg]gr ant in the cold storage heat exchanger (47b)
fromfalling to the evaporating pressure of

[0022]" ef r ifge rp?éltanti iﬂvéd?ﬁnfﬂrgﬁags, 3t QALK agnect according to the fifth aspect, a

refrigeration apparatus wherein a pressure control mechanism (48) for controlling the
evaporating pressure of refrigerant in the cold storage heat exchanger (47b) is disposed
between a downstream end of the cold storage heat exchanger (47b) and a downstream end of
the second bypass pipeline (68).

[0023] In the sixth aspect of the present invention, the pressure control mechanism (48)
is provided which prevents the evaporating pressure of refrigerant in the cold storage heat

exchanger (47b) from falling to the evaporating pressure of refrigerant in the freeze storage



heat exchanger (49) when refrigerant on the outl et
side of the cold storage heat exchanger (47b) is
i ntroduced t hrough the second bypass pipeline (68) to
the suction side of the auxi8liary conpressor (50),
for exanple, in the event of failure of the | ow stage
heat exdhdeger Py ehew reffig&hnt onf He2diltlet BRleadfoie cbRl stspigaiheatdexchanger
nore concretely. For exanple, as described in regard

(47b) i ntrdduged Médghm&%bn@ﬁyﬂabﬁpﬁéﬁ%ggﬂm 10"HE BidtieRA sideTThe auxiliary

the | ow stage side conpressor ( stops due to

comprf,s@bll [)f g e)&ggvl 1?@16 V&t o 8ERA0LS the &if Et%éé ﬁﬁ? GOﬂlﬁretst? (39).

erant circult

[0()24]onI y h uexlls le' alﬁ%l?(i Jutt 6er 8%@8%&1950%% gﬁag{fagr gt 'clgsrlnbggﬁ fill regard to

t he |ary
efri is circul ate hefreeestorae
the fifih s ﬂaﬁ S oressnt v RA SR e loty sioas eg%p{@égors(?@eﬁw due to

the_auxiliary conpressor (50) as well as in_the col
failuregrothg diken éﬁfigeré&tcﬁa%@te}ate(@%gheu lowe gage side gafrigerant tCHéult (9) by
suction side of the auxiliary conpressor (50) through
placing orly shecawiliany persprepiop €30) e op&aion. wi¥herbthe exxsthiaheempressor (50)
exchanger (47b) is made to function as an evaporator.
is operated; hefrigarast iskeircalatedtih theh ﬁehz&aitoxage: heatgxrkangéy (49) 48 connection
operate as evaporators, is required that the

with tlﬁbvaftﬁbﬂtsﬁd&opﬂﬁ&ﬁbtﬁ%r@fco ?fdsscﬁe(s&ﬂbs eIt SeinCfedeold storage heat
storage heat exchanger (47b i gher than the

exchar%\élambﬂﬂ EEhnBEFORSWIE tlﬁfsuﬁt%r[ kﬂ@ bAe duRillaRPcdhFRLRr (50) through

St orage heat exchanger because of t'he difference

the secb{?d Ugﬂ)els’s 5&%11{?@%6t8$hang@ob}g(a§1} B;H\gﬁﬁﬁewe@eﬁ I?I?a g!r) gunc’uon as an
evaPOfstgah PR Rnstrdiote 8 SRRttt b T aprRE t%%%yr%ra brs, it i

re.is the OSS|b|I|t hat th orat i

rc:qulre}gr atdhe gvmorqtggrgrﬁp%ﬂf r%a/ﬁlt gerant %“fb&'& f(ﬁ}tglage ﬂg%&exchanger (47b)
exchanger (47b) wll fall down to the evaporating

be hlgb‘?’fe@%fb%@ %‘fappﬁmg Fegsawre afrefrigerant de fhe ﬁ@%ﬁeaﬁ'éfa%éﬁat exchanger
exchanger (49). [0025] In the sixth aspect of the

49 b @@e@mf? thierdifferenesnin idwetien tempresatpree s Slaveever vhes| the cold storage
nechanlsn1(48) Is di sposed between the downstream end

heat exthanger c@7h) simdr alye fiemt etocdpantpeat efdbénperan(d9) Heecome fluidly
downst ream end of the second bypass pipeline (68). As

commuhi¢agivy | Witk eash Chthera tHrafGe MR lsecontl  BESEERHpdlRes (68,2 tHefe is the
prevent the evaporating pressure of refrigerant in the

possibili} that ThO LRYRARR! pre¥uPa BY SEfrigéral ir Emélaldmrage heatt fRhanger

evaporating pressure of refrigerant in the freeze

(47b) fvﬂ? AP0 B %@g&‘r}g{ ma% ﬁ?e)smmf og'ergﬂféepﬂlt GHGhORRILD gto?etge heat

pressure contr
exchanger (49).

[0025] In the sixth aspect of the present invention, however, the pressure control
mechanism (48) is disposed between the downstream end of the cold storage heat exchanger
(47b) and the downstream end of the second bypass pipeline (68). As a result of such
arrangement, it becomes possible to prevent the evaporating pressure of refrigerant in the cold
storage heat exchanger (47b) from falling to the evaporating pressure of refrigerant in the

freeze storage heat exchanger (49) by reducing the opening of the pressure control mechanism




(48) to a given extent. [0026] The present invention
provi des, as a seventh aspect according to any one of
the third to sixth aspects, a refrigeration apparatus
in which the | ow stage sidegrefrigerant circuit (9)
includes a third bypass pipeline (69) for enabling the
(48) tosugivanomxteahd di scharge sides of the auxiliary
conpressor (50) to fluidly communi cate with each
[0026]0t heThe p3ent]inventioh prevdiantha asypatt aspbctt dveondings@rdny one of the
i nvention, refrigerant on the suction side of the
third tRsbeH ésgé&s,%q%ﬁﬁﬁﬁ% Branzan wifictoiheaswathge hideughridehant circuit
third bypass pipeline (69) to the discharge side of
. i i r , | . .
9 1ncgir?lrg% %gqéfrrréé %?ﬁ%giy%ﬁ%@%ﬁ% fok 2RAblin@Shé si@dH! dndischifd? sides of the

placi the | ow stage side conpressor
. (39) in o i AN when_ the Jo b i ressor (50
awnilio uprts P (03 14 At e i B oBBETCPRDT SO0

circulagted in the | ow,stage side refrigerant circuit .

(0027 o) Y fher5vgrith gcRech et MHEFFSRY IYERag FYTHGrARy ol Bl Ton side of
auxiliary conpressor (50). [0028] The present . .

the auxilgypomimesseio(50)€an ba HYR#s ﬁﬁ?‘ﬁghaéﬁé]é‘fd Dyets Finsling §69) to the
any one of the first to seventh aspects, a .

dischange fsidepd tlaet auoailiaap pemaressori(f0whidsta gsulbef sich garasgageent, by placing
out door heat exchanger (60) for effectuating heat

the lovditagd §idé canpriessom(3%fin opemntiot when thetadsidiarya¢ampressor (50) stops due
connected in series with the cascade heat exchanger

to failurd @) tHelikel eeftigevastt @@itheSidalater ini the twnttage side iréfrigbant circuit (9)
[0029] In the eighth aspect of the present invention,

Withou?_j Bfusl@Wef{RBR1 & 6w MtbEOhe REAiaryeatpRegsr (S0R0) s

I sposed in the ow stage side réfrigerant circuit

[0028]t( ﬁ)e ;ﬂe;P ﬁ)?egsgﬁ’tr iﬂveﬁmﬁt rbA8es gg@fé’ @f%gi aﬁ)@@tt a&@ﬁ%%)%gaar{if%ne of the

erant 1n e codlin xchanger

R T R T L
(60)..[]0030] T . . .
PSR I 0 —

. eighth aspect, a refrjgeration apparatus wherein ,the)
series Wi 81?&@8%&%13@%%@%?(4811@&? lowstagrosideirediaemrant et 6)-
the | ow stage side outdoor heat exchanger (60) in the
[0029]] ow én algeeeisgd!eaﬂpeﬁr ofge amesest invgntion, ghe low Gtrme] side,outdgor heat
ninth aspect of the present invention, refrigerant
exchangen(®) sedispdsté in theddow sthige sideatfiigerant cirbwt (Yw Thergtore, when the
si de outdoor heat exchanger (60) flows into the
amoun€ a$ qREE ahBed BX HeardiegerfmtOn. the rcobling hesicadhatigeat(47a, 47b, 49)

exchanger (40), the heat of the refrigerant condensed
exceedsd ﬂr@determined level, the heat can be released outdoors through the low stage side
outdoor heat exchanger (60).
[0030] The present invention provides, as a ninth aspect according to the eighth aspect,
a refrigeration apparatus wherein the cascade heat exchanger (40) is disposed downstream of
the low stage side outdoor heat exchanger (60) in the low stage side refrigerant circuit (9).
[0031] In the ninth aspect of the present invention, refrigerant condensed after heat

dissipation in the low stage side outdoor heat exchanger (60) flows into the cascade heat

exchanger (40). In the cascade heat exchanger (40), the heat of the refrigerant condensed in




the | ow stage side outdoor heat exchanger (60) is
recovered by refrigerant in the high stage side
refrigerant circuit (8), whereby refrigerant on the
side of the |ow stage side nefrigerant circuit (9) is
cooled. Therefore, the refrigerant on the side of the

the low stages bidg eusiode hea fexthippgen(60) ¢ recovered by refgigerant in the high stage
super cool ed. ADVANTAGEQUS EFFECTS OF THE | NVENTI ON

side refr@A2L cACEO(8) Plieieby rbfeighians bn abgside ofifthd lvav ptags side refrigerant
invention, the high stage side refrigerant circuit

circuit ($)is 3B8ied NeThQ¥osd, AR reTii S arktenl 1he RIRNIS the IGMistagé Side aefigerant
connected together through the cascade heat exchanger

- rneby performa two-stage cascade
mﬂmu?ﬁ?%?g%?%?%gh cycle, and the air conditioning heat

AvvASTATIER TP ers ORTHRINKENAON £F 12,7 P50es e

refrigerant circuit (9) to provide heating. [0033], | .
(003211 e pAkceiing fo.che dirst mep e ronEsAton, HOS digh hge side
_condi tioning heat exchanger 45) i s, provided only icp
refrigerant chipujh (Bt angeths law stage pide rafigerant ciipyit (9) argf@nperted together
cooling heat exchanger (47a, 47b, 49) is provided )
througlo teycascade heat| exvhangen el 03 ialtherably metform attworstaggi casqady refrigeration
This therefore allows the air conditioning heat )
cycle, @xicheageondidbning heattehehanged (@8pinthe highstige sijerrefriggrant circuit (8)
47b, 49) to use different refrigerants. Each heat

utilizeShe RERDEEhNSH RApRTIdR rERIRAME LiYauit (9P i proeidatiestingcycl e
by use of a respective refrigerant suited to its

[0033]uti | !lrg fldl Bt %gﬂ?fdsiﬂﬂaef e IR entiM) HERY cbidiR8EAF®Eat exchanger
possible to cilitate tenperature control in each
. h . 0 ' he.. .
() 1 FRBAHADIF oo 000 Heal AL At IO ORI BB oo

e presen coo

cxcharg RS 5 i 33 B 5 e PGl gt . o
e s B e b SR eSS L hner 7

storage conpartnent are provided. This arrangenent .

47b, 4R etwfuse editierans refiigesenis; plEack ohgst ofXchrIeRt Pft‘%l%mé afrefespective
time, indoor space air conditioning, cold storage

refrigetatiop ayclabytuse obH4 raspectiag deffigez@.ztemétteg tafeuitiration tepenerature range,
cool ing. [0035] According to the third aspect of the

wherelpr i€ benvimeis posgible omfacHititeterspeagterecmnprp bigsiacnheat exchanger.
refrigeration cycle is perfornmed in the | ow stage side

[0034]r ef r isgebRtg & fHeUidcoR® hspethios thd @redbmtr mverttivay aeshd badling heat
the refrigerant evaporating pressure of the freeze

excharpEP{47984TIE AY), AE OB SRkage 4R it &RBankbr (47a, 47b) for providing cooling of

the cold storage compartment and the freeze storage heat exchanger (49) for providing
cooling of the freeze storage compartment are provided. This arrangement therefore makes
it possible to provide, at the same time, indoor space air conditioning, cold storage
compartment cooling, and freeze storage compartment cooling.

[0035] According to the third aspect of the present invention, a two-stage compression
refrigeration cycle is performed in the low stage side refrigerant circuit (9). This therefore

ensures that the refrigerant evaporating pressure of the freeze storage heat exchanger (49) can




be made to fall below the refrigerant evaporating
pressure of the cold storage heat exchanger (47a,
47b) without fail, whereby the freeze storage
conpartnent is assuredly codled by the freeze storage
heat exchanger (49). [0036] According to the fourth
be madspefall befov the pfrReRMt evapsiting PResstileeffthe Sdld Bipagesheat exchanger
pipeline (67) is provided which nakes it possible for

(47a, ¥B)NARR L, Qiherdly e Hebstdiade BphRfehOlN 853686y cdbRE by the
conpressor (39) to be bypassed to the di scharge side

freezeg{oriaé%%ebtoégcﬁclﬁgrg@%de conpressor (39). This

enment re makes it possible to cause the

[0036]2 efri %ln ing tE}tF g&%o%vyg%%ggk%é}egeﬁg rni\%:r%* &r?,;tﬁgiflrsq bgrgé'lsstplpehne
(67) iSEBER i ds@akes (Gaysohce Ies SR ARFE B oSBTl hde stage

heat exchanger (47b, 49) can be functioned as an

side cemprgenon(dh). 1o [twdcgprSSA@é@ﬂm digchagget side pf theHowsyieger sidg compressor
the present invention, the second bypass pipeline

(39). (B8j airangemeut thertfarh imﬁ’kesrithmsible tpesssetthe réfoigerant of the low stage
refrigerant on the outlet side of the cold storage

side réfeigérari chheuig€9) (ol Bb)citonldnel bypslaciag the atkitiasucbinpressor (50) in
side of the auxiliary conpressor (50). This

operatidh!sV8H SRAthd A% 8fapE SidBREAPrdsborP@9F bRiaRs HOwE AWReby the cooling
refrigerant to be circulated in the cold storage heat

heat eﬁﬁ&tg%wﬁb 49y oh &Mt%ﬁb&% éﬂkev gHﬁ&kdr' ary conpr essor

I n oper atl on even | ow st age si de

[0037]C orrp Aec%élgl'irtg( @ﬁ.} Bﬁg %ls&gecfj 3 n ¥\41§ﬁ ‘éHVentn'Bﬁ e gédoﬁg bg?@gg pipeline

exchang I oned as an’ evapor

58) iRt BRER g eﬁ%ﬁ%&%ﬁéﬁﬁ 53 R quber ol BF B <ot storeee
heat e)fq(i-nra.gg%}{o%ﬁ%tcg %gﬁaaSB gler%li(cgékl) l)s]d@S n;aragxg {%%gcompressor (50).

suction side of the auxiliary conpressor (50), for

This aggnaepieat therpferganakes i passibler g ausecredigerans tp o cyeulgied in the cold
si de conpressor (39), it becomes possible to prevent

storage heat exdhangpe(4Th) byqx}apmg the iangilipryecompressof (S0h s epskation even when
storage heat exchanger (47b) fromfalling to the

the low afage gleawmpressap@onbieaks gows,swharely tHehmwoling dzet exchanger (47b)
storage heat exchanger (49) by reducing the opening of

can betfii@tioBéE5SAl ¢vap@iator0l mechani sm (48) to a given
extent. Accordingly, even when the | ow stage side

[0038]CONP AR &Ring( B°the REGRMK SOV thet ﬁl@se!’n? fdveB88R When refrigerant on the
evaporating tenperature of the co d storage heat

outlet ﬁﬁ@ BARREId éizpz)gte ) &Eﬁaﬂgg F ﬂ‘{gl %i@e?%ﬁ)tdgﬂ Yhe second bypass

nperature o he freez

pipeline (68) to the suction side of the auxiliary compressor (50), for example, in the event of
failure of the low stage side compressor (39), it becomes possible to prevent the refrigerant
evaporating pressure of the cold storage heat exchanger (47b) from falling to the refrigerant
evaporating pressure of the freeze storage heat exchanger (49) by reducing the opening of the
pressure control mechanism (48) to a given extent. Accordingly, even when the low stage
side compressor (39) breaks down, the refrigerant evaporating temperature of the cold storage

heat exchanger (47b) and the refrigerant evaporating temperature of the freeze storage heat



exchanger (49) can be set at different values. [0039]

According to the seventh aspect of the present

invention, the third bypass pipeline (69) is provided

whi ch nakes it possible for qpefrigerant on the suction

side of the auxiliary conpressor (50) to be bypassed
exchanper @B pcali teclotuitgiffacntevabiest he auxiliary conpressor

(50). This arrangenent therefore nakes it possible to

[0039]caus A cchbRlinge s itBe savintiDfaspede of Atk Siradat iSeliflon, the third bypass
refrigerant circuit (9) to be circulated by placing

pipelme\;](g%)lit@ r§$1§9c?vs§1'1c‘i’19mﬁﬁé’§m SSMle (f&ggefi)geég:&pcﬁf fHe! RBL&Y SRe of the

e auxi | |ary conmpressor s down,

. |
auxﬂmﬁ’“?%ﬁ%s‘opﬁ °t§s** 2%%5%%3? 3 RO S e o o PRl s
e e. pre i nven W
(50). 3?% Setpe R featet Sst“é’%%ﬁs@ﬁé%f:a‘t%é‘;‘ e@ﬂ%ﬁf@ﬁ&é’i&f Jagy stage
he Iow stage side refrigerant circuit
side refrigerant Girguit %ﬁéﬁ bereirchlatedoly Blasige the &évrs@ga% sigercqmpressor (39) in
circuit (9) the anpbunt of heat absorbed from the
operatipn §V¢myhbe dhe awdhar gomptasyer, (SAY breaks Yowrc wbersby the cooling heat
predeterm ned | evel, the heat can be released
exchangert (4 3loy47bi, h?)oaaglbetﬂmctionvd &t agevaporderout door heat
exchanger (60). This therefore inproves the cooling
[0040] capagictotdinl fohtheceighthngspb@adf ehec prB@RTintehfidn, 4hE0low Ylage side
[0041] According to the ninth aspect of the present

outdoot é8Nek&Pngée (60 ggr anRpose@nAenRe th NstadeN §idk oﬁé’fr?ée?ﬁﬁ circuit (9).

heat exchanger i's cool ed by refrigerant
Theref&@s\%ﬂgﬁn &lo g@fefﬁéeqznt e @Iaﬁ %gﬁogﬁt Jfl'lll%atj']dbggrbed from
stage side re erant crrcu ](1

the COO%I %?llge;jg (rganl}ag% @B?{ E?%%?ﬂf%ed% Ra:Prl ﬁ\é\% 1};}%}? éevefj She heat can be
cense STl s B T S 95108, BBl Gl s mretor

extent. BRI EF DESCRI PTI ON OF THE DRAW NGS [0042] In
improvesthe gpalifgeppacity ¢fithe caoling hsatcambanger (4781 $the 48) agr am of

a refrigeration apparatus according to a first
[0041] enbodpm;dtngdﬁ thehpingy aspeett ofthey presemrinveritigny wfidgerant gondensed in
schemati ¢ bl ock di agram whi ch shows the fl ow of
the low stdge lIypat exvthanger £6@)asIconigd by pefrigeianninnthel easvhdd et exchanger (40)
refrigeration apparatus of the first enbodi nment;
on the g of the JigiSstapessidemBrigetatd cirekit @) aghasbyipercosliops gerfrmed in

flow of refrigerant in a first 13

the low stage side refrigerant circuit (9). This therefore makes it possible to improve the
cooling capacity of the cooling heat exchanger (47a, 47b, 49) to a further extent.
BRIEF DESCRIPTION OF THE DRAWINGS
[0042] In the drawings:

Figure 1 is a schematic block diagram of a refrigeration apparatus according to a first
embodiment of the present invention,;

Figure 2 is a schematic block diagram which shows the flow of refrigerant in a cooling

operation mode of the refrigeration apparatus of the first embodiment;

Figure 3 is a schematic block diagram which shows the flow of refrigerant in a first



heati ng operation node of the refrigerati on apparatus
of the first enbodinent; Figure 4 is a schematic bl ock
di agram whi ch shows the flow of refrigerant in a
second heating operation ngge of the refrigeration
apparatus of the first enbodinment; Figure 5is a
heatingsoeeatimi mode efthke chifdgpratnndppatatishafise fitseerhbadiment;
refrigerant in a third heating operation node of the

Figefer 4 @24 8¢Heaiatio DisvkadisiEraml whibB shows theefld df pEfFigerant in a second
Figure 6 is a schematic bl ock di agram which shows the

heatinéo Jf)&‘ti‘éhtfbfn th&de dARE APl peMMidh Fbphitis STHRORrsBeHBodIRERY; €SSOr

e refrigeration apparatus of the first enbédinent
FIRLEAK S dWhematlc GUBE dfaghdin HRE SR TheMRT e HAYEAR & a third
refrigeration apparatus according to a second
._enbodi nent , of . 1 he .present invention: .Fiqure..8 is a
heating hegstion TROds ofhe TG aIRRARPAR TSI b etnbatimsht
refrigerant in a_cool.ing operation node of the
Figure ¢ £c3 sghematia blnek disgramrwhigh shows thg fﬁ%eﬁ refuggrant when a low
- Figure 9 is a schematic block di agram which shows the
stage sfdeampresparrafithgereiigeratipnapppratis of Heeafirshembgsiimant tapakslaan;
of the refrigeration apparatus of the second
Figntedtisreesvhemkiigbloek dixgran af s c¢fegemtion bpmmedtusiacegrdimg to a second
whi ch shows the flow of refrigerant in a second
embodiig@itiof theqReévent inventivagle of the refrigeration apparatus
of the second embodinent; Figure 11 is a schematic
FighRCoK s aeamtiobiik digrhf Qyiath SRovaPIafRinHSf AREGETaHINE a cooling
to a third enbodinent” of the present invention;

operatiﬁ1 Y. of the xﬁfr%eﬁﬁﬁﬁ Epgérﬁtup L sg&ﬂr%o‘ﬂ’ﬁh&ﬁ; shows the

ow of refrigerant a coo ;n operation node of_
gl 3 5 ERGRAICBoPR AR St S50t e B Rl o it

. the flowof refrigerant in a heatin operati pn node
heating (e ylo% 740 AP IoTore BAPLAPHO G R aee bR FaPociment
enbodi nent. REFERENCE, NUVERALS | N THE W NGS [0043
Figone 1) is a-shematicoplopl diagrasy which shoys ﬂefoﬁawaf &¢izigerant in ] second
_circuit (7) freeze storage circuit (freeze storage
heatingenepaiionrmaede ofitherpfigqrajon appasatusrofdhe segpnd gralgdiment;

Figure 11 is a schematic block diagram of a refrigeration apparatus according to a third
embodiment of the present invention;

Figure 12 is a schematic block diagram which shows the flow of refrigerant in a cooling
operation mode of the refrigeration apparatus of the third embodiment; and

Figure 13 is a schematic block diagram which shows the flow of refrigerant in a heating
operation mode of the refrigeration apparatus of the third embodiment.
REFERENCE NUMERALS IN THE DRAWINGS
[0043]
(2) air conditioning circuit
(3,4) cold storage circuit

(7) freeze storage circuit (freeze storage compartment circuit (5), booster circuit (6))



(8) high stage side refrigerant circuit (9) |ow stage
side refrigerant circuit (10) refrigeration apparatus
(11) outdoor unit (12) air conditioning unit (13, 14)
cold storage unit (15) fred#de storage unit (16)
booster unit (31, 32) high stage side conpressor (39)
(8) high stagssidgefigaantcimepit essor (40) cascade heat exchanger
(45) air conditioning heat exchanger (47a, 47b) cold

(9) lowsstapedtR B8 Rkrx 6id@mger (48) pressure control valve
(49) freeze storage heat exchanger (50) auxiliary

10 ﬁ&gp{t%ﬁ§ g@ oster conpressor) (67) first bypass

( )repl pe 1| neﬂ}gaé8 Qsecond bypass pipeline (69) third

(ll)ouPc a -tpi pel i ne BEST EMBODI MENT MODE FOR CARRYI NG OUT
= ENTI ON [0044] In the follow ng, preferred

~

12 .errba%j ments.of the present invention are described in
(12} airongifionifig it of or ence to the accompanying drawi ngs.

FI RST EMBODI MENT OF THE | NVENTI ON [ 0045] A

(13, 14) gqldstpgagetyndfn  appar at us (10) according to a first
enbodi ment of the present invention is a

(15) freea¢ storpge aniton apparatus of the type that may be
installed, for exanple, in a convenience store or the

(16) bobsteeuniThe refrigerati on apparatus (10) provides, at
the sanme tine, 15

(31, 32) high stage side compressor

(39) low stage side compressor

(40) cascade heat exchanger

(45) air conditioning heat exchanger

(47a, 47b) cold storage heat exchanger

(48) pressure control valve

(49) freeze storage heat exchanger

(50) auxiliary compressor (booster compressor)

(67) first bypass pipeline

(68) second bypass pipeline

(69) third bypass pipeline

BEST EMBODIMENT MODE FOR CARRYING OUT THE INVENTION

[0044] In the following, preferred embodiments of the present invention are described in

detail with reference to the accompanying drawings.

FIRST EMBODIMENT OF THE INVENTION

[0045] A refrigeration apparatus (10) according to a first embodiment of the present

invention is a refrigeration apparatus of the type that may be installed, for example, in a

convenience store or the like. The refrigeration apparatus (10) provides, at the same time,




air conditioning of the store and cooling of
showcases. The refrigeration apparatus (10) is
provided with a high stage side refrigerant circuit
(8) and a | ow stage side reffsigerant circuit (9) and
perfornms a two-stage cascade refrigeration cycle.
air conii46]g ¢tethestaragnd codlimpuefeshbweases r Blie refdgertiiemapparatus (10) is
apparatus (10) includes an outdoor unit (11), an air
providédWéth tal lﬁ%lh BRgelBide réftigeranf tirsit (BN and e dowdtagesillestfiigagmt circuit
units (1 14), a freeze storage wunit (15), and a

(9) andIRPRHBE a Wb Stal ?é@&sea&g}%ﬁ%&ﬁﬁﬁ%y@l@' t (11) is installed

utside the store on thé other hand the other
t 3 J
o046l or B i L BeSeubm {7 iy a9 RRGR G g i
o547 S ORRE o el S b O N g s
it S S S TR G ) e il o wh

(3). The second cold storage unit (14) has a second
on the gbkrhandshagbecinit(i?, 134)..) areall instadle Héﬂ!@?rta@ 8totfi t ( 15)
has a freeze storage conpartnent circuit (5). The
[0047]boosThe outdobr (i6{11hAss a highostagersids pwtdoer qigpit (Takeand a low stage
freeze storage conpartnent circuit (5) and the
side odddustccuiti(Iui Thé Gjr cnditioathganiied?2) hageaheir conditiening sircuit (2).
to forma freeze storage circuit (7). [0048] In the

The firk€édld SR aAle! 81t ?Bpﬁaﬁﬁ figst (A1) stora e cher@h(3! aURe Séddad cold storage
outdoor circuit (la) of the outdoor unit (11) is

unit (lﬁf ARE ﬁtsggorgﬁy (t:(gdg %e‘ ﬁ?cu?]t?(élg heTRd freERNGbIabOWNRY(15) has a freeze

rcult stage side refrigerant

storagecéorﬁr? lrJar%n %?lx{%ﬂi! (i%gw 'ﬁ%eab&ols&c' Iﬁ%t f’i6r) (ﬁgé b b%étéleml%ﬂlt {% Tl}e freeze

and out door circul

he outdo . connect. I|ne to.
storag AR gttt 0 0Bt Ape oG REEBRUGE e SrfeE WEBePjn gpris o
the freeze stq e circuit (7) to formthe | ow stage
form a {iegze stprage P’é‘é%“aﬁ?- circuit (9) which is a closed
circuit. The high stage side refrlqerant circuit (8)
[0048]and In the reigertiag apparaius (D) hg dighnsiags vids pytdpan iy (1a) of the
connect ed together through a cascade heat exchanger
outdoof 46} ({1Jéscarinbetdd bpagipdline dethaiainconflilivadig dirguit §2) teifgrm the high
: stage side refrigerant circuit (8), the high stage
stage sRiedefripetaiocitcuit (8F which i§ ia)osmdrmﬁtewlﬁler orcthe dilter bmidide low stage
circuit (2) are connected together through two

side out@édRrdifduit (PbY6 ih &itddok bR t(1BNE cBRGRl byt @ipslint to the first and
pi pelines) (21, 22). The air conditioning circuit (2)

second dIE &Bﬂl%@ tcﬁgmts' (2 PAdEse HRede Qo HBr&LAYT G TR R 1P Hage side

circult
refrigerant circuit (9) wh1c:h is a closed circuit. The high stage side refrigerant circuit (8) and

the low stage side refrigerant circuit (9) are connected together through a cascade heat
exchanger (40) (described later in detail).

[0049] In the high stage side refrigerant circuit (8), the high stage side outdoor circuit
(1a) and the air conditioning circuit (2) are connected togethér through two interunit pipelines

(first and second interunit pipelines) (21, 22). The air conditioning circuit (2) is connected

in series to the high stage side outdoor circuit (1a).




[0050] In the low stage side refrigerant circuit (9),
the | ow stage side outdoor circuit (1b) is connected
through two interunit pipelines (third and fourth
interunit pipelines) (23, 24 to the first and second
cold storage circuits (3, 4) and the freeze storage

[0050]ci r cim the oW stape side akftigetant aiyeuit (P thet bW Stagel pidarmiitddoe circuit
freeze storage circuit (7) are each connected in

(1b) ispanadcheal throtigh lbwb r@tedubivpijetiges @hifttarlfodfil intetunit Wipelines) (23, 24)
(1b). CONFI GURATI ON OF THE OUTDOOR UNI'T [0051] As

to the €8st @l RBELADRNE stotdpe @eLAP I, 4;%& tﬁel %)eeiaasEtmtags chap (7) The

stage side outdoor circuit is connected t

cold s%@e%ﬂcuﬁ?@'ﬂ:‘aﬁﬁ' 19 bl hla g(: %)rfgl)? (,1‘7)0&? éaEﬁ‘ Ph}gé&ed in eparallel

erant circ
which is connected to the

WIththF 1?‘§ts a§ﬁ(§1 §88@r?8r%15ﬁu (@F rage circuits (3, 4) and the

conaf AR LR B R RS Rt "onchafer

has a _first heat exchange section (41) and a o
[0051]secoﬁ<§ described abpym e %léé@qrdwt(ulz)) has\the highrstageeside quigoor circuit
heat exchange section (41) is connected to the high
(1a) whidge sénteciedtidote af rconditiofing)cirobitl @) o fomm thehkigh stage side
hand the second heat exchange section (42) is

refrigerant oectie B)f and the lbovstageagde sutdeoratifctlitqil by imhinhi i cohigeted to the
CONFI GURATI ON OF THE HI GH STAGE SI DE OQUTDOOR CI RCU T

first arld@batld dAE stoirae chicaBe (35 14Y and tHedP&ze Gioragd dircduka)) to form the low

i ncludes first and second high stage side conpressors

stage s{d@lrefi}ant %ﬁcﬁwtﬂooﬁ'hp @@sﬁ:a@ﬁéﬁ@@ﬂ&{an%éiﬂlﬂ) lfxalsrasﬁrsﬁﬁéjat exchange

second high sta expansi on vafves 4,

section&lggg% %gegcgii fiat &%ﬁéflﬁg rs?c,(tl[%ﬁ)(llzc)gsc e%hfﬁ're alin%fe 1)1(4}2 g)tr(]chgnge section
an is ool % -%%F o B SR - FRbF Sk Al hi st “0%1%‘ and the
second gt eGHIEE SEHID %@#ié%o%r%ﬁe"%étrﬁ"@g?vrsﬁ%amy% ovllch St (1b).

st h sta si de conpressor and the second

CONFRGERATIGR G THE Byt SEAGH S0 QU EDRIGR GIRGLH o

dome scroll conpressors of the hernetlcal typ
[0052]El ecThé bighptagsrsidesousdqupicirewit (1) dnajedesfirstrandrseenmdtiigh bage side

first high stage side conpressor (31). The first high
comprest@g (33 d2), conputdseo hedt 3dxcharger (p3)e first entd sycomd high stage side

so-call ed variabl e capacity conpressor whose capacity
expansfoanvadecss\(34, 35), ﬁklgﬁ%&@@lsm redve@ (86 and fROENKAt Bchialge section

inverter to thereby 17
(41) of the cascade heat exchanger (40). The high stage side outdoor circuit (1a) further
includes first and second four-way switch valves (37, 38) each having first to fourth ports, and
first to third shut-off valves (51, 52, 53).
[0053] Both the first high stage side compressor (31) and the second high stage side
compressor (32) are high pressure dome scroll compressors of the hermetical type. Electric
power is supplied through an inverter to the first high stage side compressor (31). The first

high stage side compressor (31) is implemented by a so-called variable capacity compressor

whose capacity can be varied by changing the output frequency of the inverter to thereby



change the rotating speed of an associ ated conpressor
nmotor. On the other hand, the second high stage side
conpressor (32) is inplenmented by a so-called fixed
capacity conpressor which i1y operated by an
associ ated conpressor notor whose rotating speed is
changethegotating spa@dsd pn absocitedtdomprassaiemotor.t h@n theratherttiagh, the second
stage side conpressor (31) is connected to one end of
high stagbisidd catipresson (B2)PB ibiplendgntedBy tahso-edllear fixtanehpatifye compressor
suction side of the second high stage side conpressor

which Gs’iﬁ)erét@d 5P AN gsbashel Qofﬁﬂfésﬁ? S br #hSLGOMRENS HSdell PcdsBRt.
The other end of the first suction pipe (3la)

[0054]§ngn221t%e35mf si®OGr Rk ffrgte}{ gl? &Qgéjmﬁé' %@T?Resgin gglr)alé %Qﬁne%{e% to one

mansuc

end of 51 a8 Bl iﬁ&? fla %ﬁeﬁ*aa?p%r:ﬁ B g edprpien stage
sde c%ﬁ&e%'&@téﬁﬁ&@ge?t Broteriy! offa b HEtRRBIRAER.  The other end

exchanger 403 and the other branch pipeline is

of the Higshpucgior piRed 3 Heand dewpfbierymdiof he serendsustinn pipsB2a¥aye connected
switch valve (38). [0055] The discharge side of the

to 2 mjrr suctionghpes (Elge Thel eaio sptiengope (B))is ibsarchehefft iath tveo branch
one end of a first discharge pipe (31b). On the other

pipelineandOne hef dhes bremckyepipélites afivérged Shonnitie fbigh ssdtdgepipe (61) is
side conpressor (32) is connected to one end of a

conneck@C e diriaeal @&hRhgeSsetBRP{41) of iR Glsbate 1RAeRhatidte (40) and the
first discharge pipe (31 b) and the other end of th

other Br&&NBip Ql'l&cfslad'oﬂﬁed%cpﬁ) tHe 3 BIndPh &t HPEScBAd tf&’urngpg\?ttch valve

dlscharge pi pe (62). The second di scharge pip
(38). iIs provided wth a first check valve (71) which
permts only refrigerant flowtovvards the main

00550 RIS 7 B W B SR s
h I
e ko SR BB, B LS 0 e

pi pe (62) is connected to the first port of the first
high stage, sidgeppmpaeaperc@2y & sanedvy tanae epé 051am@¢ornt diseltarge pipe (32b).
pi peline is connected to the first port of the second
The Oﬂﬁfﬂi ¢id\wé phestiist dinchardevpipg () and 0B6ithdrrent fof thie sesond discharge pipe
four-way switch valve (37), the second port is

(32b) mermveotaed to at ieint disctergeppipt (62). t Hithesseomd! dfsohargavgipe (32b) is
switch valve (38), the third port is connected through

providécdheithiar fifst clsdaktvalef(7Vpwhieh (Hodnité enlyhefiideramt ot @ivdRistthe main
pi peline (21), and the fourth port is connected

discharb® p@ed®2) from the second high stage side compressor (32). In addition, the main
discharge pipe (62) is branched off into two branch pipelines. One of the branch pipelines
diverged from the main discharge pipe (62) is connected to the first port of the first four-way
switch valve (37) and the other branch pipeline is connected to the first port of the second
four-way switch valve (38).

[0056] In the first four-way switch valve (37), the second port is connected to the third

port of the second four-way switch valve (38), the third port is connected through the first

shut-off valve (51) to the first interunit pipeline (21), and the fourth port is connected through




the fifth shut-off valve (55) to one end of the
out door heat exchanger (33). The first four- way
switch valve (37) is configured to be selectively
switchabl e between a first g4Bate (as indicated by a
solid line of Figure 1) in which the first and fourth

the fifthashuBoffrvalven(56) to 6he ariwilthe atdoon heattexckanghr @3).er The first four-
whi | e sinultaneously the second and third ports are in

way sWitth Jalve QBMURI SalgtiedWol te mwﬁtyh%t@ﬁgleabe‘iﬁﬁﬁﬂﬂ first state (as
state (as i'ndicated by a broken I'ine of Figure 1) in

mdmaﬂé‘@r}j‘ﬁntgﬁdf lihe bf Affurk MY th Rl ﬂ?elr §irdtNardd thﬁith ort gre in fluid

0 | cagl ondvvl th“each ot her si mul t ane
comm RS Gl b e SO e i
38
commugtHSOB GYithehoh otk AR & serilstive (45 Indirtied By B MBIy igure 1)

swtch valve (38) is configured to be selectively
in whigh; thehfirt eande RoHs fare dp  Huigt eompunicalin: iy eash Fther while
solid line.of Figure 1) in which the first and fourth
simultanepudy thesecondfandifourthoportsrare it flwid cpimnhinicatinn wiithenachbiber
si mul taneously the second and third ports are in fluid
[0057]c omriThe datuitlo o dfhthe asgborrt frett-waydsweitchs edon @38)t Bt dodeds in other
i ndi cated by a broken line of Figure 1) in which the

words fiid” Plipeding {shismhebod t Get® | The fdebdel Cf@uﬁﬁﬂ? GadiicAnvawé N(38) is
each other while sinmultaneously the second and fourth

conﬁgttﬂeﬁ S balsBlebiveld SWitchbRBMALGAR IR éf&tE Qa@f'ﬁ@l‘ba\%ﬁw a sohd line of

58] The outdoor heat exchanger is a fin’and
Flguretlz }zﬂ ﬂtthgﬁﬁj? fc‘{ur@lf oh@%rec ? ﬁdﬁﬁoﬁ%ﬂl ea lhother while
tes a °Ce S1 di exchanger ‘1 n ¥

simﬂtw?@s&gﬁhq%%gﬁﬁcg%i]ﬁwgé%r{s%gt i ﬂg@? ‘I’Oté&%]%%)ﬁ%}}ed“]n‘ﬁ %ach other and a
eondEpa S Chughed BB MR Lo LRECLGCT AL S0 L SULAREt e i

is connected to one end of a first high stage si de

fluid companjcgtion wath eaphiother whide simnl@nequskycibs second ghd fewdeports are in
side pipeline (64). [0059] The other end of the first

fluid comhppinatiorewith dechyd & i ne (63) is connected, through a
second check valve (72), then through a th|rd check

[0058]val v&h¢ ddddoonint txuhangdn(33)gk atfivearcleabebeat skeltangdrfof the cross fin
val ve (52), to the second interunit pipeline (22). On

type addn@®n6titats allRBckoutdeaideiHeat exehahget in thethigeaanckidd @figerant circuit
stage side pipeline (64) is connected, through the

8). Ifl 'tﬁeséuthb&rheﬁtté& eFj 3) %’?@)&'h e‘ﬁ@'eﬂf@ctﬁgtéﬂ betWdei the refrigerant
hrough a fourth eck vaI ve (74), and then through

and thé BEdSECAPY Tt other end of the outdoor heat exchanger (33) is connected to one
end of a first high stage side pipeline (63) and to one end of a second high stage side pipeline
(64).

[0059] The other end of the first high stage side pipeline (63) is connected, through a
second check valve (72), then through a third check valve (73), and then through the second
shut-off valve (52), to the second interunit pipeline (22). On the other hand, the other end of

the second high stage side pipeline (64) is connected, through the first high stage side

expansion valve (34), then through a fourth check valve (74), and then through the second




hi gh stage side expansion valve (35), to the first
heat exchange section (41) of the cascade heat
exchanger (40). The first and second high stage side
expansi on valves (34, 35) ar@ forned by electronic
expansi on val ves. [0060] One end of a first uid

high siage sidesHpansian wajve @ES)hiogthefirstgkeat icdehange e¢o&1@n (21%9)f the cascade
connected to a part of the first high stage side

heat epihargérn@0y. 63hhet fist ahd sbamdt ldgh befgeeside etpansienonties (34, 35) are
check valve (72) and the third check valve (73). The

formedbyelectedific &fpahbien vhived. |1 qui d pipe (65) is connected
to the second high stage side pipeline (64) in the

f
0080 o e e f%e@ﬂé@g“?.t?% e esvlggse;@fve@ 60 i

connec(sul.]dgt)g d arP?ﬂﬂg ?E %éht %%e ﬁ&rélg et(gg)o{hl ﬁtloc!?:l ?\k@eglghe second

ween

check Sﬁqgg g’ﬁ\j J E}?J—ﬁﬁ% cl(lﬁ:g 2, v ?ﬁl? cgg 'eB fo% g%)atllrlsghcimg 2:)1pe (65) is
C"%Pne ted to .the second h| gh st agtig& de pipeline %

connegt € §6cong |hf%}1 Q;:ggetsh@ Rigeline(6A) Bh tvgglgt}gq) e fourth' check valve
expansi on val ve (35). [0061] The second check val ve

(74). (sz:) enslerfra sesorshliquid pine (§6) bawing i Gifihechaek walve KES) s epnnected to a
stage side receiver (36) fromthe outdoor heat

part ofahe Nest high stRB)siderpdline (63)rthat ik igratedttmipecenitbie thicdphack walve (73)
valve (34) in the high stage side pipeline (63). In

and thé $eeohd ghut-oiffogtves(Sdr PrHealthdiend 68}he sebsnhd litjuidipipe i(86)Ks connected
valve (73) permts only refrigerant flow towards the

to the Iseéild RiBh GtadeN@dd ipfpelind i(64) fh BileP@icinitySof wetslac&the hiphOdtage side

stage side plpellne (63) fromthe junction of the

55544} 3squi d pipe (66) wth the high stage side
expan pi pel | nle 63). In the second high st age si de pipeline

[0061 ]( 64) The Iggc Pﬁ#bécr]‘( va %e(?ggpffhlétg foglr?y %eflﬁ .t &T?agelwé{dg the high stage

refri"geran

fr h f h
side refqlgg?gk)pf?% t}gleG tdéﬁstﬁqatt%g t eg#&ﬁl %h’xog'{ro glgé}é ?ta%e s1§e expansion
elin In the, second i pi pe (66),
valve (gf‘f%the t%ﬂ SHe pipeline &3y tla tbt‘nbsgh sfage ﬁ}dgal%ﬁ%mef(ﬁwe third
towards the first high stage side pipeline (Gé%zfrom )
check value {&Doprimits ginly refdgeranta@ow gpyvends ke fuwlion pd o firstiliguid pipe
hi gh stage side outdoor circuit (la) includes various
(65) with rthd: highastageosiho pipetise (63) dtonashes pastiors of theewsondeliquid pipe (66)
switches, filters et cetera. Mdre specifically, a
with theihigh stsgmiﬂ@pipemcegssw elntké sexond Bigh, stapefsidespipdingt(64)) the fourth
tenperature sensor (82), and a first filter (83) are
check PEIO¥i(A@0petthits only refrigerant flow towards the first high stage side expansion

valve (34) from the junction of the first liquid pipe (65) with the second high stage side
pipeline (64). In the second liquid pipe (66), the fifth check valve (75) permits only
refrigerant flow towards the first high stage side pipeline (63) from the second high stage side
pipeline (64).

[0062] The high stage side outdoor circuit (1a) includes various functional components
such as sensors, pressure switches, filters et cetera. More specifically, a first suction

pressure sensor (81), a first suction temperature sensor (82), and a first filter (83) are provided



in an interflow part of the main suction pipe (61). On
the other hand, a first discharge tenperature sensor
(84) and an oil separator (85) are provided in an
interflow part of the main 28 scharge pipe (62). The
oil separator (85) separates refrigerating machine oi
in an intenflogapas of dhe airam gudidr pipe 61 tOre theoothee bamd, s fisst, discharge
32). The refrigerating machine oil separated by the
tempexatire sapar (849 tnd 85 )il kepakadb 88 arelproRdédintdneinRuldw @art of the main
side of the conpressors (31, 32) by way of an ol
dischafg@! Iblbd(ﬂ §6’2)Pe The @il sthaafbk- (85p%3}atég%fﬂge[~nfn Hhedh@d 88 from gases

pl pe 1b) is provided with a first gh pressure
t
dlschafggﬂ)fﬁﬁn Qagﬁ%eegpﬁ-g?es% 251 %'%chglg%ﬁeg‘?%ﬁ a@a&ﬁﬂé 811 separated by

the 011( gé%?awﬁ_aﬂﬁrxg Yét %{ma%cl:ric dt%ptﬁg gﬁ) %g;] ; h ?e gqsfgérgea Sc‘\% {:ﬂ, 32) by way

filt 8 The out door heat exchanger (33) is
Ofm%{%&rﬁgweﬂ‘?tﬁgng‘) outsi de air tenperature sensor (90)
and an outdoor fan The out door, fan 1) supplies
[0063]out dddwe st lﬁqhafaw%f b is n@atdeéwﬁhh@é&t(heésyressure switch (86)
CONFI GURATI ON OF THE LOW STAGE SI DE QUTDOOR CI RCUI T
and a figeelijcharge proseust seyeors(8dp olndboother hend,tth¢ Sbgond discharge pipe
i ncludes a | ow stage side conpressor (39), the second
(32b) ke ptovidec ithge sematli ldph (pd&puwef swikh (883.catiee fieatliquid pipe (65) is
exchanger (40), and a |low stage side receiver (43).
providddeviltow div@gfilted ($9).0UTIOB1td6br Bedtt exchdhgef (33)NRI provided with an
includes fourth and fifth shut-off vaI ves 54, 55).

outsidd ﬁ@@éh%e hard QsGt@0Fai] AP o&a0H BAYT). (3R duﬂo%&' %H {AY supplies

hrough an inverter  wth electric power

outdoo?%ﬁqgtlfe'ecﬁv&‘?ﬂ@%%ga{gdggéé’@%{/' s i npl ement ed by a

so- cal ari a conpressor whose capacity

CONKERRTIGN OF 13t W@%@@Rﬁ%@ﬁ?@ﬁ@éﬁl fan

assocjated conpr.essor, notor uctlon s de

[0064] ¢ ¢ Qe 16t Seergude PH@O%H’;S?‘E%bg’r %19 5 & 1N FHAgeua compressor
through the fifth shut-off valve(55?1tothefourth

(39, ﬂilf‘nﬁ%aoaﬁ% iheatpgxshangseseetion (42ofthe cercads hep gachanger (40), and a low
di scharge side of the |ow stage side conpressor (39)

stage side reepinaddd (Thedoyistagesidet chstfgcwe chrcvia (Lo fuiths)in¢lodesrfourth and
end of the second heat exchange section (42). The

fifth shai-wfftvables €34,%8).ve (76) pernits only refrigerant flow
towards the second heat exchange section (42) fromthe

[0065] ow Thagew stage sidk compressor (39) is supplied through an inverter with electric

power. The low stage side compressor (39) is implemented by a so-called variable capacity
compressor whose capacity can be varied by changing the output frequency of the inverter to
thereby change the rotating speed of an associated compressor motor.

[0066] The suction side of the low stage side compressor (39) is connected through the
fifth shut-off valve (55) to the fourth interunit pipeline (24). On the other hand, the
discharge side of the low stage side compressor (39) is connected through a sixth check valve

(76) to one end of the second heat exchange section (42). The sixth check valve (76) permits

only refrigerant flow towards the second heat exchange section (42) from the low stage side




conpressor (39). In addition, the other end of the

second heat exchange section (42) is connected to one

end of the | ow stage side receiver (43). The other end

of the | ow stage side receier (43) is connected

t hrough the fourth shut-off valve (54) to the third
compriestoe (3Mi t Iipiapditionethe(aBYr. erfld0OH6THe Sdeend heatsérbengei stetion (42) is

refrigerant circuit (9) includes a first bypass

conne@b@ R dritend@Fthd 106 staRaile reeeivdtqd ) C tThe Rl endl bF HRA6Watage side
sides of the | ow stage side conpressor (39) to fluidly

. i i r inf. . o, e .

receiv ETRBICPRAR fough itk RRRR chyCH SoRDLSD e Btk {7Bfinit pipeline

inflow end, is connected to a pipeline between the

fifth shut-off valve (55) and the |ow stage side

onpressor (39).while on the ofher hand the other end

10067 T EerWstats it deresiBL L 1B FCIEs g frs pags pipr i (67) for
.end, is connected to a_pipeline between the | ow stage )

cnabling dhe suctiaprand sdscharps) sidgsof; the lewssagre side sompraspein@d) to fluidly
(40). The first bypass pipeline (67) is provided with

commynigay eyithheashatkery aMpge §rzificaltircorscandnifithe fiest bypadsvpeline (67),
(77) permts only refrigerant flow towards the

i.e., theunfidwwnénd donneatdd a pipeline betdveer thehffth ishstofdyplas {55) and the
pi peline (67). [0068] As described above, the first

low sthpesids cbh'@@éslsdﬁe(i‘)?@hilesorﬁﬂfbf bk Bghd telothétdénd bP¥he first bypass
exanpl e when the | ow stage side conpressor (39) breaks

pipelifdO?), ifeSf th IRKAG a8, {s"QnatGtd & asﬁigaineoget&f% IRWow stage side
stage side conpressor (39) is bypassed to the

comprP53E 99 98Bk Vool LR 95 M SoTE ARISERY b (o1 i
provih S 5Bk VLGB FRTDERSIL Pk Gy, g nty
s BRE o r o SRS ok bt B350 and 52867l e (61

pi peline extending fromthe fifth shut-off valve (55)
[0068) o t K& deseribadaghovei the fshbyrass ipelineY67) ip contigwred such that, for
rovided in a pipeline extending fromthe | ow stage
examply whenctbarfnve stage sideoymprssson 3D deeakd dhwas refrigetran ge the suction side
section (42) are a third high pressure switch (94), a
of the ke stage side chmprpssdrBPeis dypassed entherdifcharge siderof the low stage side
second di scharge pressure sensor (96). Furthernore,
compréseer @B9y.st bypass pipeline (67) is provided with a
bypass pressure sensor (97). CONFI GURATION OF THE AIR
[0069]CONDIThE QN Nbagb™MdE rdoor circuit (1b) includes various functional components

(23).

such as sensors, pressure switches, filters et cetera. More specifically, a second filter (92)
and a second suction temperature sensor (93) are provided in a pipeline extending from the
fifth shut-off valve (55) to the low stage side compressor (39). In addition, provided in a
pipeline extending from the low stage side compressor (39) to the second heat exchange
section (42) are a third high pressure switch (94), a second discharge temperature sensor (95),
and a second discharge pressure sensor (96). Furthermore, the first bypass pipeline (67) is
provided with a bypass pressure sensor (97).

CONFIGURATION OF THE AIR CONDITIONING UNIT



[0070] As described previously, the air conditioning

unit (12) includes the air conditioning circuit (2)

whi ch is connected to the high stage side outdoor

circuit (la) of the outdoomaunit (11) to constitute

the high stage side refrigerant circuit (8). The air
[0070]condi tAonriesayibed i previotsly,2the nil woeditionihgi wrdt f(12)t éricludes the air

(98), an air conditioning side expansion valve (44),
conditidnthgadircait(2) GaRdiit comeoedeahe REhp@aidd ditdoor dirchltqla) of the

order fromthe junction wth the second interunit

outdod? uBR (1180 bédtitué B8 fldh h& s’i{ié reﬁ@%gg%&t '&i}ﬁigﬂ E&gSi e air conditioning

expansi'on valve (44)"1s Tnplenen  ectronic

. . AV/ . L1, . . [ ’
cicuit PARAPRLEC U e L9551 ir PR OH A YR AR bio RAGRR AR, pot e e
.of . the cross fin pe.. ln the.air, conditioning heat .. .
conditfFping et PRihpager 4O thas ndel oS thE FRBEDN P s g nterunit
. ..the refrigerant and the indoor air. [0072] The air
3mpd“@6ﬁ@itioning heat exchanger (45) is provided with a
first air conditioning tenperature sensor (99).
[0071]Fur t A&e wireonditiningesidd expansicn vakyai(Ad) isiimplemented) by an electronic
second air condition tenperature sensor (100) is
expansproval ve d The air @indaloning Heat evehangeln €45)us ahplementict by taHin and tube
first interunit pipeline (21) and the air conditioning
heat exshahgexeththieg@osy fib) typé.00A3{he TAlL cahditio@ingi HehDBxdRAEer (45), heat
exchanger (45) further includes an inside air

exchanlg€ TR tuaf bepREDAhe fekdddrafield @k inf6QCHr, f an (102). The
I ndoor fan (102) supplieés indoor air to the air

00721¢ONdirhL AR BAAiREAhe REANABREY is hrd0ifed wh 1;5% ir conditioni
[ ]confi gur atci on1 o?‘ Fﬁe g‘?{ r cgﬁéété} (I)SnllL rggl?ié% i"{lﬁ(gl t %llg conditioning
Il oV h Lr. conditioning.heat e nger .
temperfifBSshBEE (e SEne im, S Ml (SRR R 3F G econa i
...coQling or heatj of the store.. F] GURATI.ON OF. THE,
conditR T EFEICCEEPoRY HOPD7 BTV dBCLPIPBERF PRRBEbHE ictafwith the
. cold staqra unit (13, 14) includes the cold storage

first intepyndt pipe {ng,%%ﬁ))m’\%h‘?:ﬁr renditipmieg hes cxapge (#Dw st age
side_outdoor circuit (Ib) and the freeze storage

[0073]cj r chhe airzmpnditine heaterxehangen (4§) dukarineludesran ioside airttemperature
(5) and the booster circuit (6)) to constitute the

sensor (W) sndgpm widder faef(@l02)er die iodowuin (18R). supplicéahd6dreaie talthe air
of the first cold storage circuit (3) is connected to

conditibhiag hbatrestchaniger @8).t 23

[0074] In the configuration of the air conditioning unit (12) as described above, the air

conditioning heat exchanger (45) is configured such that it selectively provides cooling or

heating of the store.

CONFIGURATION OF THE COLD STORAGE UNIT

[0075] As described previously, the cold storage unit (13, 14) includes the cold storage

circuit (3, 4) which is connected to the low stage side outdoor circuit (1b) and the freeze

storage circuit (7) (the freeze storage compartment circuit (5) and the booster circuit (6)) to

constitute the low stage side refrigerant circuit (9).

[0076] One end of the first cold storage circuit (3) is connected to the third interunit



pi peline (23) while the other end thereof is connected
to the fourth interunit pipeline (24). The first cold
storage circuit (3) includes a fourth filter (103), a
first solenoid switch valve2356a), a first cold
storage side expansion valve (46a), a first cold

pipelinst @3hydilaghe othec lendh glmﬁreof(lélajmecmddtoathé ifowtth dmikminit pipeline (24).
storage side pressure sensor (57a), in that order from

The fitsheoldwierag® virvdit (B) ihdleddshd fohrthnfiledryn03), Ai faed sddeénoid SWitch valve
(in that order relative to the refrigerant flow

(56a), & i€ cbRNdtor Q(Hd%] exPAfsib "vﬁFve C(Qkﬂ St ﬁ’fs@g&dsétgﬁge heat exchanger
expansi on va (46a) 1s inplenenfed by an el e€tronic

(47a), %@Q%ﬁt%ld’ QE%Ee si Qg %%%g sQ&oPiS?ta 8n &{tﬁ%ﬁi&%oqn %ﬁeofuﬂgt?on with

de “expansi on val b
s RO SO L by b o
[007750g 8T Sat deﬁ@ggggﬁ@ pagfion e sy T?a%?wﬁg?? brag flectronic

first cold storage heat exchanger (47a), heat exchange
expansien yplvect dhe cepepmewelofhet Aest resid jstpsagen sidanexpansion valven (46a) is
the cold storage conpartnent. In addition, the first
controliabile] irs respenge thagressuchdatepted by te) fiist ccpidcsWreI@jsm: phessure sensor
first cold storage conpartnent tenperature sensor
(57a). ( T4 Yfirsinebld staraget heao kxclahgora@®a)enipglémanéd ban fid @hd tube heat
The first cold storage conpartment fan (105) supplies
exchanger of the t#8s GRkEheSt By ﬁﬁﬁrﬁ%[lﬁétbﬁgé‘hedt@x&l{ﬁgeﬁ CUEy h@aﬁ'eﬁchange
storage heat exchanger (47a) 78] One end of th

is effeét%ﬁféﬂdbét’ﬂé& MeOFedy rEr'.ltrEdH §hel Ql)r i Sth «?ﬂ@ Csttcﬁﬁ%et Qﬁﬁ’lP%mnent.

first branch pipeline (25) dlverge omt

addltlohng{% ?&'t ol B5hd g%géﬁzg?zch?rgé tg(g?%)ofs Cﬁrﬁvﬁ?@%ﬁﬁ geﬁrg{ hgld storage

t he seco
compafifCEREY bl 3RPE 000 Ad A g BefuoREa potbmenetiThl i), The
coicfaf%;asgte;zsr&se&aaéép&a@%@aﬁsﬁm@0@%&?; AL A——

col d storage side expansion valve (46b), a second
first coldpsterage b?aégé"lﬁ’@&@r(é@hanger (47b), a second col d
storage side pressure sensor (57b), a pressure
[0078]cont Ok ond| afethg 483ondhodlé stheagei iscuil (4) isecodeented tred first branch
| ater, and an eighth check valve (78), in that order
pipeling (2% diilvmgedl then) threcthirdrintshinit pipelidei 23). bOankh othephhnd)ahe other
(25) (in that order relative to the refrigerant flow

end ofcthé eetdrdngold [ cifhift HCRNEbnEEdtel B¢ Qr R96nd befich pipeline (26)
expansi on valve (46b) is inplenmented by an electronic

divergedRe ShePfduMB liMBrunit BepePRE TM’)Q ‘?ﬁe §28n8 86" braY dreuit (4) includes
storage side expansion val ve

a fifth filter (106), a second solenoid switch valve (56b), a second cold storage side expansion

valve (46b), a second cold storage heat exchanger (47b), a second cold storage side pressure

sensor (S7b), a pressure control valve (48) whose details will be described later, and an eighth

check valve (78), in that order from from the junction with the first branch pipeline (25) (in

that order relative to the refrigerant flow direction).

[0079] The second cold storage side expansion valve (46b) is implemented by an

electronic expansion valve. The opening of the second cold storage side expansion valve



(46b) is controllable in response to a pressure
detected by the second cold storage side pressure
sensor (57b). The second col d storage heat exchanger
(47b) is inplenented by a £4n and tube heat exchanger
of the cross fin type. In the second cold storage heat
(46b) ixodmamgeble ipasanshdata presivangletectedeby ot aeond dobd weesge side
the refrigerant and the air in the cold storage
presswesepsur ((STB) . The sactdidt doddh stotdge heacexvhanger (474)ds agpleheated by a
exchanger (47b) is provided with a second cold

fin andStuBé AER cKENHABEN GTBAE coBSTHR hffell n BRMNEE6Nd I btobdpd hRat exchanger
second cold storage conpartnent fan (108). The second

(47b), ‘ﬁg%ltdex%h% 08 RERHH Bedn®fe (rl@%légagxﬁ %ﬂ% ﬁaﬁ“lﬁ thd chldCstorage

d st or ge conpart nent to t he st orage

at. e 47
compariment, )i ?dxg ,r#IF goﬁ‘ijco} L agée ggar;tteg(?ﬁan\%g g‘%? &%Q’iﬁed with a
nd branc el i ne fromt Seco nd co

secondsfélﬁagerqssaqo é?m%%?%:‘je SERE HAPRD Al aoﬁa°°8ﬂd°9}fl storage
a second bypass pipeline (68) whose det a| s wll be . .

compagimgal jAdA0Pat dhe isscand kb ewet soMRaTerdaR (K gupplies air in the
storage circuit (4). [0080] In the above-described

cold storagé icgmpartinent tofthe sreond Feld stasrgedeatipkchange (47h)) , In addition, the
cold storage heat exchanger (47a, 47b) is configured

eighth skechsvatve (78)ypdrinits oaly rfrigeadnit figwhtewtrdstihseogmd brahdh pipeline (26)
provi ding cooling of the showase cold storage

from (B FPEIHANEINE - stdrPd-hEddRALhaN e K4 THE Flfthetmord (RAGmdINE B second
[ 0081] As described previously, the freeze storage

bypassLifibt‘illrfelg‘ﬂi)5 'V\Fh%kéj demilt RAIflcez6isdd0RAY s coRIBRRYBBAE second cold
circuit One end of the freeze storage conpart nment

(5) Is connected to a third branch pipeline:
Storage‘(:éé%%é%erged fromthe first branch pipeline (25)

(U A R AR S Icf;nﬁ%;?-é’éc:ﬁ%f onngdégtgﬁagf %lnﬁrt‘is e the cold
5
storage{ g0 et (4 T AP s oRNEURg o o5 i DiuChfbes  Cap! i hggtexchanger

storage . side expansion valve (46c), a freeze storage
for propiding eoeking AGthe shawsase sl SiorpReCOMPEIELge si de
ressure sensor (57c), in that order fromthe junction
CONFR T]EONlOEﬁ'HEE 23 FTORAGEASNITi n  that order
relative to the refrigerant flow direction). 1 [0082]
[0081]The Asakzaitetgradeusty, die frgrarstorege wat (E5) (iddudesitbe freeze storage
i npl enented by an el ectronic expansion valve. The
compafpent digeuitl(5). heDhe QrlZsf thé freegatEhgiecoxRamsdnd Birsidl (58 is connected

toa thig: grca)nclll Is)ipilsine (27) diverged from the first branch pipeline (25) while the other end
thereof is connected to one end of the booster circuit (6). The freeze storage compartment
circuit (5) includes a sixth filter (109), a third solenoid switch valve (56c¢), a freeze storage
side expansion valve (46c), a freeze storage heat exchanger (49), and a freeze storage side
pressure sensor {37¢), in that order from the junction with the first branch pipeline (25) (in
|

that order relative to the refrigerant flow direction).

[0082] The freeze storage side expansion valve (46¢) is implemented by an €lectronic

expansion valve. The opening of the freeze storage side expansion valve (46¢) is




controllable in response to a pressure detected by the
freeze storage side pressure sensor (57c). The freeze
storage heat exchanger (49) is inplenented by a fin
and tube heat exchanger of 2s6he cross fin type. In the
freeze storage heat exchanger (49), heat exchange is
controldgtie én wespensebet avpesssurihedatested Y the freazed stotage aide pressune sensor
freeze storage conpartnent. In addition, the freeze
(57¢). silhe afpeezb estdragx hbangahafgt?) (4P ipiaplegrated bh aafihr @RZ fube heat
storage conpartnment tenperature sensor (110) and a

exchanbECeZBe St @ﬂe:tyﬁé) A thdBBézel Botagel Adat exdHdBger’ @9F Hat exchange is
storage conpartnment fan (111) supplies aif in the

effectubte® CERwedL ?I‘Zeg ?efﬁ?%élﬁ'f Yhe taﬂt She HeEEZ %‘gﬁ%ﬁy ?t%gpg}ﬁﬂént. In

exchanger i on, e other e

ol RO, B35 FRLBMLP s o
compa SRR e 000 obbs e i ot a1, oo

freeze storage_heat exchanger (49) is configured so

freeze gforags qompertmeat e G1Dovipplies sean the Eressgderage compartment to the
provi ding cooling of the showase freeze storage

frecze gorageaheaterrchangeNARBGURATAGN 0OF tHEHEhBEEE TEFhd cdnd BPSs§ pipeline
As described previously, the booster unit (16)

(68) whorel detieils whiebddestied later Gutdnné@idd to Grefresyd wbragdrBeat exchanger
booster circuit (6) is connected to the freeze storage

(49). conpartment circuit (5) while the other end thereof
is connected to the second branch pipeline (26). The

[0083] DOOSTEthe dblol&Hideribld cofdurdlRR &F B8 MRRLED sfotddeCnitl 5% the freeze
a booster compressor (5 as an auxiliary TconpresSor,

storagehedt @).(Jﬂaﬁéme!?t(%@fﬁg:o}ﬂ?g&%d (szga)s’toifﬂnétﬂﬁtaso ?(%oginf rlg:lg? E)R:%?nger for

junction eze storage conpar rcu
‘3 in that corder relative to the refrigerant flow
provici? bodih TR oBELe fiRe® ot sPrbRimER o (50) 1 s

[ i r i ith electric power. The
CONF@S@WE’J&MBWEJ?{% enented by a so-call ed
vari abl e capacity conpressor whose capacity can be
[0084] \, ar | 28 degoribRd Eg LS dhe beestar it (A Hesludss i dooster circuit (6).
inverter to thereby change the rotating speed of an
One end 9§ dlg beaster cingpit €8)sis conmacind, toTthe fisersssterage compartmensreircuit (5)
(50) is configured such that it perfornms, along with
while théethepwnd tthayeofsis denoamql esthersec¢i@Phraneh pigeliné €26. The booster
conpression by subjecting refrigerant drawn fromthe
circuit f(6)e ¢zctuddsos a@eerdh filter (112), a booster compressor (50) as an auxiliary

compressor, and a ninth check valve (79), in that order from the junction with the freeze
storage compartment circuit (S) (in that order relative to the refrigerant flow direction).

[0085] The booster compressor (50) is supplied through an inverter with electric
power. The booster compressor (50) is implemented by a so-called variable capacity
compressor whose capacity can be varied by changing the output frequency of the inverter to
thereby change the rotating speed of an associated compressor motor. The booster

compressor (50) is configured such that it performs, along with the low stage side compressor

(39), a two-stage compression by subjecting refrigerant drawn from the freeze storage




conpartnment circuit (5) to conpression and then
di scharging the conpressed refrigerant to the suction
side of the | ow stage side conpressor (39). [0086] The
ninth check valve (79) perni26s only refrigerant flow
towards the second branch peline (26) fromthe )
compagtinesh sirept 9)de cefnprmlondmdttgqm dsehargivg dhe coppressed refrigerant to
fourth high pressure switch (113) is provided in a
the sugtiopeidernd threlpwestagetsitte doogsessor @8npressor (50) and the
ninth check valve (79). [0087] The booster circuit (6) ,
[0086]i ncl Uthesniftht ¢Hetkl vElveaF9) pemsits ofly (eR)gekant fRvakhdbwaigs the second
suction and di scharge sides of the booster conpressor

branch(;ﬂ@éhﬂeo(ﬁq Hofl the GRRPABE SAE B hd BoddRe Rompldisdr- (5M)r & fourth high
specifically, one end of the third bypass pipellne

pressufe6s%l ch' (%f%)eltsi}\gg\ﬁa o%"g?@ﬁlﬁqb(ﬁ:\/ﬁ%@ [Hée&)t %@ E&gﬁl{eﬁsor (50) and the

ressor (50) while the other end t hereof,
ninth C?e‘g(vaq}'%@ggﬁtfl ow end i s connected to a pipeline

bet nthefourth pressure switch (11 d the.
[0087) e thPGrbagER St & ceﬁldldsﬁ ariBid fvpats weelenzsfﬁ) ) 3 cnabling the
third bypass pipeline is provided with a tenth
suctiony ﬁ&@lsmgﬁél@m)fp erheoswé r@pmpeqsemsomo\ﬂ‘éw(l@ogomrpwmt@ gith each
only refrigerant flow towards the outflow end fromthe
other. | Mdrewpesifically, oneeertchof theltiripd dypassipipélined69% 9., thodEBIw end, is
As descri bed above, the third bypass pipeline (69) is
connectahtoi agpipethebeoheenhid seventh filex @) and thieddodtérecongredser (50) while
conpressor (50) breaks down, refrigerant on the

the othetiend Mredk,dR.,Ghe olitABwRRdSTs@onsaad t@ﬁ&sﬂgelﬁﬁ@et\k&n the fourth high
bypassed t'o the dlscharge side of the booster

pressuféomﬁ&s Eﬁ@z} (aﬁﬁ)the &Qﬂ%%ﬁ%ﬁ%%ﬂﬁ%& 5;(?&‘)53The third
Pl PELI N 089] described previousl y e en

bypasstsﬂgﬁ%lﬁlgc@gfg%?ﬁaéd RiRs! feﬂﬁt éh?g% \%\Jgr ? g’thg?%ntfl %hé%evalve (80)

orage cCircul

e R DBRSEN e A S0 56 ASHAST ey iy s

iveli Q second bypass pipeline (68) is connected to a
PIPENGipet i ne bet ween the pressure control val ve (48) and

the eighth check valve (78) in the second cq
[0088]st or Agedaseribad; aboyg)the third fupass pineling (69) W@nﬁgw@ﬁ supfy that, for

of the second bypass pipeline (68) is connected to a
examplsi, peieh the beosigresontpessér €8 breakodaye, siftigeraggrasthgrsaction side of
sensor (57c) and the junction with the booster circuit
the boqs&x comptdssorf(5@)ia dypdsesdatgehedischarge side of the booster compressor (50).

CONFIGURATION OF THE SECOND BYPASS PIPELINE

[0089] As described previously, one end of the second bypass pipeline (68) is connected
to the second cold storage circuit (4) while the other end thereof is connected to the freeze
storage compartment circuit (5). More specifically, one end of the second bypass pipeline
(68) is connected to a pipeline between the pressure control valve (48) and the eighth check
valve (78) in the second cold storage circuit (4). On the other hand, the other end of the
second bypass pipeline (68) is connected to a pipeline between the freeze storage side

pressure sensor (37¢) and the junction with the booster circuit (6) in the freeze storage




conpartnment circuit (5). In this way, the second
bypass pipeline (68) enables the discharge side of
the second col d storage heat exchanger (47b) and the
suction side of the booster 27zconpressor (auxiliary
conpressor) (50) to fluidly communicate with each

compaptient cirf@ioEs)) Ththisswayrihe kycpad bypisp plipetiae (€8 )entlsles the discharge
provi ded with a bypass sol enoid switch valve (56d).

side o ige batioad cobd k@Rl cheatveksHany@! (FbY 2A8 hd SukRAf i@l 6Eehe booster
such that it enters the open state when the | ow stage

compr8dseL (ML EIreds3D) (5HY 8 Eﬁiﬁdl? Qt B idafe \ﬁ@h f:&% qAhder

h_agd it enters thé closed sta en t ] owfst age
0090 0 R Rl e ORTUR ARk oEBES SUR G i vav
(560, 0, S PRSP R 58 504T R REh S RS e o

eat exchanger, (47b), |eaves the second cold storage .

state YheR (b o SiAgfeide 4BpTessan E3DPrPLEs fomailewn ths qiher hand it enters
suction side of the booster conmpressor (50) via the

the claseg giiale pylisasthe dpyestagreside gpmpreseon (393 operstasomarmally.  Therefore,
val ve (48) disposed in the second cold storage circuit

when the)lowsstagendidey corepressoc 39) Hareakistdosa, watystht @oster compressor (50) is
refrigerant evaporating pressure of the second cold

operatal, svlegebyhefiligeeast haoganated T tHeOsedond el &toRigdd € exchanger (47h),
pressure |level, the detail of which is described

leaves liad @dcondeditt st ThéalNe £dharldd (P B@Bﬁ&&%%kg@ he suction side

refrigeration apparatus (10) of the first enbodi nent

of the b%oﬁéxoﬁrﬂﬁlssétﬂht(gh)avia GRNLLBhY gaérﬁﬁsg%ﬁel%nﬁz(%gf thevlgljeé’é‘ﬁlse control

[
det ect ed € tenperature sors, essur
, control. (20 control.,s.the.
valve G8ER0%e B SR ool RoREELIEN! B Gty bR W i justs he
. _capacit f each capacjty varjable conpressor. In
refrigefyBf iahrofthe, St Fr OE e et S sty B pichavisr D) to o
37, 38) are each switched, by the controller (200),
predete&ﬁ’“ﬁﬁ‘é’%@&f eveldpe detad obyhichds describekblates Fi gure 1 or
to the state indicated by broken line in Figure 1
CONFECUBRATHINIQF THE COINFROLIER ondi ti on of the
refr%%erat[on apparatus (10). Furthernore, the
[0091]cont Mok | refrigepdion apphemtuss (IOhcif thel fisbieohbudiment iis prdvdded with a
open or closed state according to the operating

controlbayr(20@). oBased O 9dhes detetealby tirttemberatire kdhsbfiethe pressure sensors
refrigeration apparatus (10) of the first enbodi nent,

et cetefa]) eheBtdnt:oOBH {200 Boriteb 1 @R opRYinB ATEAEN EfpthsibRvalve and changes the
sel ectively providing i ndoor Space cooling or heating

oy LTS AR SO S S v
switch valves (37, 38) are each switched, by the controller (200), to the state indicated by
solid line in Figure 1 or to the state indicated by broken line in Figure 1 according to the
operating condition of the refrigeration apparatus (10). Furthermore, the controller (200)
places each solenoid valve in the open or closed state according to the operating condition.

[0092] As described above, in the refrigeration apparatus (10) of the first embodiment,

the air conditioning heat exchanger (45) for selectively providing indoor space cooling or

heating is disposed only in the high stage side refrigerant circuit (8), while on the other hand



the cold storage heat exchanger (47a, 47b) for
provi ding cold storage conpartnent cooling and the
freeze storage heat exchanger (49) for providing
freeze storage conpartnent @8oling are disposed, as
cool i ng heat exchangers, only in the | ow stage side
the coldedtorage heartexchanges (47a947b) foh @révidiag SoRDSoigel @ompartment cooling
refrigerant circuit (8) and the | ow stage side
and thé Gkéde0Rsragd hédt reﬁéliah%ér%w fo? pr&ﬂ@fng%e!ﬁé EtBra%b fcbBfp@Atent cooling
types of refrigerants. RUNNI NG OPERATI ON [ 0093] Next,
: r . I [ . .
are displ S BO PR BRUBRed Gl P Tl YATARE) e BATIR Sircuie 9
refri t1.on L at 10) i s, configur.ed such that .
The higfstigd S B AR RH TP A i 1o50 Nanei Fefetinl S ) e
heati operatig de. . COCLI NG OPERATI ON MODE [ 0094]
Chargeq’Wéﬁ’ccg%?ﬁeﬁtg%?fe‘?%tegngﬁraﬁﬁde is an operation nmode in
which the air _conditioning unit (12) provides cooling
RUNNING QEERAFON pace whil e sinul taneously the col d
storage units (13, 14) and the freeze storage unit
[0093]( 15) h?ﬁmvmemmmgi nperationt lo€ the aefiigerationpapparagust £10) of the first
[0095] As shown in Figure 2, in the high stage side
embodmednti igedesatibad. r CThet réfdiperation happheatdsi () isf conifigeeed such that it
swtch valve (37) and the second four-way switch val ve

selectiedP perdsrtnsetdoolifig bpeation Mbdesd EeatinF dpédtbd ndle. t he
first high stage side expansion valve (34) is fully

COOIINGOPERUATROR MO ot her  hand the opening of each of
the second hi gh stage side expansion valve (35) and

0051, 95 oML A B A5 ARG IR A onk e b i
it 12,0 S G e bR e i 1

ressor (31,, asses throygh the first four-way

14) an RS Horab oy {3 A el ok T o583 AOTRRIHHS. heat
exchanger (33), In_the outdoor heat exchanger, %SS%é

[0095]¢ he Parshewn i Figugret-dnttheihighistage siderrefiigerant sitewib (), both the first
and is condensed. The refrigerant condensed in the

four-wagy ety vatieea3 7esushtha gesond $e)r-wapsswischt val wu@h) areeet toithhfirst state.
stage side receiver (36) and flows through the second

In additibghths tfargtehigh dagpisilel dxpansi@iv yalve Pwris falypclosédowhilé oh ke other
refrigerant continues to flow through the second high

hand tisd apening d€ ea¢ti pEkHensecOidt highhithge tide «xphion 4lvé 485)aaMd the air
portion is diverged to the second liquid pipe (66). 29

conditioning side expansion valve (44) is controlled properly.

[0096] The first and second high stage side compressors (31, 32) are operated and
refrigerant discharged out of each high stage side compressor (31, 32) passes through the first
four-way switch valve (37) and then flows into the outdoor heat exchanger (33). In the
outdoor heat exchanger (33), the inflow refrigerant dissipates heat to outdoor air and is
condensed. The refrigerant condensed in the outdoor heat exchanger (33) passes through the
high stage side receiver (36) and flows through the second high stage side pipeline (64).

Then, a portion of the refrigerant continues to flow through the second high stage side

pipeline (64) while the other refrigerant portion is diverged to the second liquid pipe (66).




[0097] The refrigerant flow ng through the second high
stage side pipeline (64) is deconpressed during
passage through the second hi gh stage side expansion
valve (35) and then flows igggo the first heat
exchange section (41) of the cascade heat exchanger

[0097]( 40) .Thenrefiideeart a¥@oitlg thesaigh ethe sogel highOstagd kidde pipeline (64) is
refrigerant flow ng through the first heat exchange

decom! ﬁ@iéd%rﬁ@lﬁasﬁgéqm et sdchRAhighf §th%e§16é”exﬁdr@i€mn\&lve (35) and
hr ough the second heat exchange sec

b 1RG0 0ER 8 Bl SRR S0 ol fhifessagi o, 1
the ca a8 pX gef”‘f@ﬁf”{g% E%J@E@P% Sﬁresﬁbq%??ﬁ?sﬁ?% prohange
sectlonda;é Iaéggt?s? Ergg*é‘géﬁa%{ ltﬂmqag 'Stitnﬁggl{ gcggisalg@t exchange section

b%$ t he second interunit pipeline (22) and is
(42) (qlqssrrl beiea) iand ds eteposgted.c ol rafaerae @rape@ifqd iy the cappade heat

refrigerant introduced into the air conditioning

exchanger €4t pases theough dberpnais secticdupipa d61)pasb isgdrawy iptaythe first and
the air conditioning side expansion valve (44) and

second Highn sthp®yide torhpretdoes @iy 32)condi ti oni ng heat exchanger
(45). In the air conditioning heat exchanger (45), the

[0098]1 Nf | @ the @kHcr heAd ke ABSESTRS diRaEed (o0l sadaaliqRid pipd €66) passes
i s evapor at ed. Therefore, air cooled in the air

through YR dcbAN 'uﬂgmﬂﬁ%pé?fﬁﬁ I’(Qf)gﬁ{d i@‘lﬁt}odﬂce& 8o thr air conditioning circuit

condi t1oni ng uni't I's supplied Into the store.
@). TRl 8P éﬁ@%ﬁy‘g?g’ﬁfﬁ@@“%@%’é@?@ﬁ% decqmprgssed during
1 d
passagp ﬁ%rs el ﬁli?ﬁ&éﬁ@ﬁaﬁﬁs P SahE (L %%%WS info the air
conditlging ey sanEa (S (TRaRe Eﬁr%ﬁ%%ﬂgtﬁée%%%%%r (g b inflow

switch valve (38), and then through the main suction
refrigeanp absorlest heas e ;dgproin and iy eyaperated: s {Therrdorse aigeqolsi dn the air
stage side conpressors (31, 32). [0100] On the other
conditivaing, heatrexchangen(®#53 vhithe agi adaditiohinggmitdh?) is supplied ixfto the store.
the first, second, and third solenoid switch valves
[0099]( 56a ThEG'bfngEEan) eeajoeated e tipair hditnmgchdahexthangars(45) passes
solenoid switch valve (56d) enters the closed state.

through fhe dedt tihtefunit! fifel@eenit Nandis Rachedbadkh® the Tlﬁ%h giage side outdoor
second col d st'orage side expan3|on val ves (4b6a, 46b)

circuit §04). t hque pr opeﬁ?éeﬁ‘ﬁfi dﬁb tﬁ}ﬁ){?@{ﬂ%@ Arst \féﬁr\/@?‘ 4Rfith Malve (37),

controlle ow st age si

then ﬂ%%gﬂ;@g 39%961(1%8%-@55(; s&zﬁ& 91996:‘ t(ﬁ), SRRER %lﬁ'%gl{ #@mah Suction pipe
(61) and is drawn into the first and second high stage side compressors (31, 32).

[0100] On the other hand, in the low stage side refrigerant circuit (9), the first, second,
and third solenoid switch valves (56a, 56b, 56¢) enter the open state and the bypass solenoid
switch valve (56d) enters the closed state. In addition, the opening of each of the first and
second cold storage side expansion valves {46a, 46b) and the freeze storage side expansion
valve (46c¢) is controlled properly.

[0101] The low stage side compressor (39) and the booster compressor (50) are operated



and refrigerant discharged out of the | ow stage side
conpressor (39) flows into the second heat exchange
section (42) of the cascade heat exchanger (40). In
the cascade heat exchanger 3040), the refrigerant
flowi ng through the second heat exchange section (42

and reftigesinpaisebarpehout of theflowgeagersidd tampnegsot E3Yuliows ingo the second
first heat exchange section (41) and is condensed.

heat eXtlanpefsettmr {4) odnkkeragddé rhebhexdangad(di@at Iexthbanngeade heat
section (42) of the cascade heat exchanger (40)

exchaﬂg@is 380, (the QBf3etane flowins tRDAgR tHE bl Yedt &thingel B&ion (42)
refri gerant passes through the third interunit

dlsmpaPéspﬁéa't & réi% raﬁp?lg %et ﬁr%hﬁa{ btcHang@sétion (41) and is

orage ci'r seco col d storage
{ t
condengfé-cmeﬁ oot M g;;ﬁ PR SRS o of e
I d t d d
o S ) e b ASESTE 20 BHEGR o

. valve (46a) and then flows into the first _col
refrigesanp pasges Hwavehs therthird dnterupapipeling (232 apd g ﬁlV@&eé to the first cold
storage heat exchanger (47a), the inflow refrigerant
storagelsironibs(3hest the csecaridr cold stosageobidcust dhagandc dmphe tfisgege storage
and is evaporated. Therefore, in the first cold
compagimentgecuiti(fy. (13), air cooled in the first cold
storage heat exchanger (47a) is supplied into the
[0102]col d Refrierde d rb It first tORI §t6fagé gREEN(3)ay dpeunadresbed during
in the first cold storage heat exchanger (47a) flows

passagé mreuélhﬁxeffﬁ!s’tréolm ktBia gé @fél'etexﬁéxﬁﬁﬁl' v (%d) addhO8Hows into the first

Refrigerant diverged to the second col d storage

cold stﬁ] Eg Hedt eg(élang? d@??f Rh ?:I’?esﬁxgt C&iHrS{OQ e%ﬁts ﬂaﬁ%g 2 the inflow

secon orage side exp an on va
refrigeltéagg nr?g%(lérg;\l\stzej}g a'io%l tEHhF 1ﬁ he" d éﬁ ast%r'gé% %29 I%.lgrg‘%aﬁ é'mg is evaporated.
Theref?r)rég%atgg l%rqt Sqﬁiih%oreéqhﬁué %\ge(goe il{ﬁilplg sl?enﬁrtﬂ goqa ﬁ{?r?goeqleat exchanger

evaporated. Therefore, in the second cqld storage unit
(47a) i fmypheé.mtodb@ cald storagheompartinent. ¢ bheirefigsranievaRFated mn the first
exchanger (47b) is supplied into the cold storage
cold steragp heat euehangar{d7a)fifws igter the fousthaipteranienipelinet(Ré). second
col d storage heat exchanger (47b) passes through the
[0103]s ec oietfiigenant hdipérged itmahd 26gondncbld hetoragd oissuit r{#) it Hecompressed
fourth interunit pipeline (24). [0104] Refrigerant
during qja‘s’ﬁge altotigh theesceoBb ¢6ldSst@agy side @ipaisionevilves (46bYiahd (thon flows

econpressed during passage through the freeze
into 1Rt ¥RME &ldeipanshoexdRhYSs (4785) &Ndhd R8Fondl cold storage heat
exchanger (47b), the inflow refrigerant absorbs heat from air in the cold storage compartment
and is evaporated. Therefore, in the second cold storage unit (14), air cooled in the second
cold storage heat exchanger (47b) is supplied into the cold storage compartment. The
refrigerant evaporated in the second cold storage heat exchanger (47b) passes through the
second branch pipeline (26) and then flows into the fourth interunit pipeline (24).

[0104] Refrigerant diverged to the freeze storage compartment circuit (5) is

decompressed during passage through the freeze storage side expansion valve (46¢) and then



flows into the freeze storage heat exchanger (49). In
the freeze storage heat exchanger (49), the inflow
refrigerant absorbs heat fromair in the freeze
storage conpartment and is 3dvaporated. Therefore, in
the freeze storage unit (15), air cooled in the freeze
flows M@ﬂrag”meh@azpragehGMmgMgeﬂGP) i singhe flepzecstomageohedtexchanger (49),
freeze storage conpartnent. The refrigerant evaporated
the inflowt tedrigoraetzsbsottar hge fi@at aieXa hihe géeze 49drapt wosnpafthfent and is
the booster circuit (6). [0105] The inflow refrigerant

evaporaftd0 ThereRREShahe GleéfeWtbrafd init $15) aﬂwcobléﬂ Qn ttl'ihefrb&%sstt&&ge heat
conpressor (50) where it I's conpresse

i1 BT 15, s L1 s
o e BRSBTS PRI 5

haV| ci.r cul at.ed, ectivel ough t.he

o105} s g 3P0, GG iR, e BARTer affaliod i drdie g the booster
col d storage circuit (4), and through the freeze

compressel; 430 Sheteyiit iy PpmpFessad. ¢ obfes melrigerant wempaessech in the booster
interunit pipeline (24) and the nerged flow of the

COmMPpresger GSQEP@MS§EI®gh tievgecont brandhepipeimesd2@)mdsthereflows into the fourth
conpressor (39). HEATI NG OPERATI ON MODE [ 0106] The

interuniitepipelinge @d@r alni tha waydas descebed pleoval thenrefidgbearits) affer daving been
the air conditioning wunit (12) provides heating of

circulatede respettivelithdugh Mhd Ha ROLES bivrdgB ecifaltd 33! BfAAgA MBisk€ond cold
(13, 14) and the freeze storage unit (15) provide

storage @REWIN )0 fand NBrovER tBE) Freb ATRREJEEA LRt d'ﬁ? s t&‘éac@ﬁérnig the fourth
operation node, I'n the cascade heat exChanger

o B B AR L I e i

the second heat exchange sectl on (42),
compr%/ﬁg& j the air conditioning heat exchanger (45)

f the refrigerant in the | ow stage

HEAT!*S; f@hﬁ%%@&r cuit (9) for providing heating. In
addl the refrigerati on apparatus (1%’ erforms = |

[0106]; he be bERting,PReRALOR THOGe i§ 2B APEFRban iTARflecHaY oh dhe aifysemditioning
dependi ng on the heating | oad of the store and on the

unit (12¥prpyidenizsptiag of hgtstare wbile simuitanesusly tha solddtorhgeaunits (13, 14) and
exchanger (40). FI RST HEATI NG OPERATI ON MODE [ 0107]

the freFieestbrags tunite@d) pgovighe cadlingnofimhdestoraga chomparitments. In the heating
operation node in which the air 32

operation mode, in the cascade heat exchanger (40), refrigerant flowing through the first heat

exchange section (41) recovers heat from refrigerant flowing through the second heat
exchange section (42), whereby the air conditioning heat exchanger (45) utilizes the heat of
the refrigerant in the low stage side refrigerant circuit (9) for providing heating. In addition,
the refrigeration apparatus (10) performs the following three different heating operation
modes depending on the heating load of the store and on the efficiency of heat recovery by the
cascade heat exchanger (40).

FIRST HEATING OPERATION MODE

[0107] The first heating operation mode is a heating operation mode in which the air



condi tioning heat exchanger (45) provides heating just

by meking utilization of heat recovered in the

cascade heat exchanger (40). The flow of refrigerant

in the |low stage side refrigperant circuit (9) in the

_first heating operation node is the sane as the flow

conditighinge hedtgexchangeri (#5) herowides dwating jussl byngmalgng autilization of heat

node. [0108] As shown in Figure 3, in the high stage
recoveséddia thetadcgdy het exchaagért(40)8) , THehfiowh of sdfriferamt-inwhgy low stage side

switch valve (37) is set to the second state while on

refrigetdi® cREWL(9) M firbEheaB RO BerhidH mbaY is th¥vsdredas/thk oW SBefrigerant
is set to the first state. In addition, the first high

in the bAILATLIEnE okl ve (34) is fully closed while
on the other&ﬁgﬁgiﬁﬁe openi ng of the second hi gh stage
i d Lo -
01081 2° AHRRASH RtF e e b O RPN o, AR o

t he al'r con
sy s B st et A iy FERDB 61 b fourvar
. .exchanger (33), Ln other_ words the outdoor heat .
switchgRlSiedA8up s¢tda fhedhbrtaies hin additepp e T9pLHIEh StpgrBds expqasion valve

first and second hi gh stage side conpressors (31, 32) )
(34) infdlyoplosed avhilgnen theptherdradhtheliopening gédthe wecasd bighhstage side
of the first and second hi gh stage side conpressors
expangi@iyal82§35) posstrslled popegthy afktheiairstonflivioningasjdesexipansion valve (44)
val ve (37) and then through the first interunit
enters flepfally @@er sthje. amel tHesfirstlidatiflg opetatiod molBenoadefrigerant flows through
conditioning circuit (2). The refrigerant introduced

the outddbP hédl@xehdngfO(33).! nQtheIOwsid Gk butdddr hdaPWRcHabk&@ BBF enters the
air conditioning heat exchanger (45). In the air

mnppeﬁgﬂ%gﬁi oni ng heat exchanger (45), the inflow
refrigerant dissipates heat to indoor air and is

[01()9]ﬁ°m'e”"i"ﬁé]I ﬁ{%re}a%gfge{:on%oﬂigﬂs%ta%%:sﬂ% ﬁé‘e' tre_ﬁés%%gﬁs grﬁi %.%g?&irﬁted and

eated ' 1h rcon
. intq.the store. 1 he refri ant condensed in

refigefak disF It e GG e A5, B0 RO e e S BJp presSors (31, 32)

t hrough the second interunit pipeline (22) and s . .
passes  thqighethe bfgfé'k %?‘H‘W% SWitgh V&Vagﬁf%iaag fét(a'e gh ctil? dipst interunit
. ..(1a). The returned refrigerant flows into the first .
pipelingj (i) dangi jre igtemiuced, intay thsf airheonditioning |eirgwit S@hge The defrigerant

pi peline (63) and passes through the high stage side
introdyced éito ¢he $i86pnditiGhibg eyeen(2) flowshetor thé mirgenditioning heat exchanger

deconpressed during passage through the second high

(45). dhabe airsdoglditioningrisiadBxohahye (430 tha idldvw estriféramisdisdipares heat to
the first heat exchange section (41) of the 33

indoor air and is condensed. The air conditioning unit (12) supplies air heated in the air
conditioning heat exchanger (45) into the store.

[0110] The refrigerant condensed in the air conditioning heat exchanger (45) passes
through the second interunit pipeline (22) and is returned back to the high stage side outdoor
circuit (1a). The returned refrigerant flows into the first liquid pipe (65) by way of the first
high stage side pipeline (63) and passes through the high stage side receiver (36).
Subsequently, the refrigerant is decompressed during passage through the second high stage

side expansion valve (35) and then flows into the first heat exchange section (41) of the




cascade heat exchanger (40). In the cascade heat
exchanger (40), the refrigerant flowing through the
first heat exchange section (41) absorbs heat from
refrigerant flow ng throughdshe second heat exchange
section (42), whereby the recovery of heat fromthe

cascadk dwat tadengdrdd0). r ¢h rthegetisende bedtcaxichang8) (40), theerefrigpnant flowing
stage side refrigerant circuit (8) is effectuated and

through MR fifs€hédt eREIAREe §ti6lY &9 1aBEdBs heblt Erohffefii @4 Tlowing through the
evaporated as a result of the recovery of heat in the

second® Ak %&&%@%eﬁt@‘@?%ﬁx@é@@ 1IRARREverdy er%Q{‘ﬁ%HletlﬁalBW stage side

suction pipe rawn 1 nto the Irst an

i S L T i RSy W Rt s e

. 0 ation de. i s a.heating operation that is .
refngeEzglf 551 &YapoIgied. mﬂ'bﬁ“‘?ﬂ%efﬁ@aﬁ"?% @gﬁﬁeirqsyﬁg)gg&fggovery of heat in the
excessive in the first heating operatign node. The .
cascade |hggy achanger (403 passes thioughethe spin sugiiongipe (61 apd fedrapm into the

circuit (9) in the second heating operation node is
first andrsecenghhiglastaghsidé compressorseBli 3rant in the first
heati ng operation node. [0112] As shown in Figure 4,
SECOND HEATING ORERATEONMODE i gerant circuit (8), both
the first four-way switch valve (37) and the second
[0111]f our Thaesondt HehtivRbyp@aticiBmodé s 8 Heatiny bfatiRCOBde that is carried
state. In addition, the first high stage side

out wHeNRB& ﬁEﬁﬁgVL%EXﬁty(%})mE§ ekdtstive &l BReRksVidaiiag Opefalibn mode. The
ot her hand the opening of the second high Stage side

R oE ARSI, A AR 8 P BIY WlhepfSperin

fully open spate 0113] .The £irst . .and secon L gh
mode i e Ao IENGK BE R el RaiPP SuBE e,
refri,gerant .discharged oyt of each of.the first an
(01121550 oAd S gh 18 FigES 4adne biehrasg arde Eigengs profit & both the frs
di verged fromthe main discharge pipe (62)_to the
four-way switch yalve (37 and;the secpad Jeurcway swulieh valee (3@ eet to the second
four-way switch valve (38). [0114] Refrigerant _
state. dimagdifion, the firstchigh stoge sidaexpangicnvial vh(3dais/filly Tiosed while on the
passes through the first interunit pipeline (21) and
other lapdi the rapdningdofi thecsetdrel high stagedsitie expapion value t(3§)23s. controlled
The refrigerant introduced into the air conditioning
properlgj dralithe a{r2pbnditionidg iside @xpdigioal valveqad) érites thrdfullgapen state.
exchanger (45). In the air conditioning heat exchanger
[0113](45)Thet fiftt iaRfl| R¥oAEhighdShg siddi Ssthéess (31E2)tRe operated and
i ndoor air and is condensed. The air conditioning unit

refrigefaﬁ?)iiséﬁé?@écf &t oRbLchWtRhEfrst And SR orddhi gh stage side compressors (31, 32)
is diverged from the main discharge pipe (62) to the first four-way switch valve (37) and the
second four-way switch valve (38).

[0114] Refrigerant diverged to the first four-way switch valve (37) passes through the
first interunit pipeline (21) and is introduced into the air conditioning circuit (2). The
refrigerant introduced into the air conditioning circuit (2) flows into the air conditioning heat
exchanger (45). In the air conditioning heat exchanger (45), the inflow refrigerant dissipates

heat to indoor air and is condensed. The air conditioning unit (12) supplies air heated in the



air conditioning heat exchanger (45) into the store.
The refrigerant condensed in the air conditioning
heat exchanger (45) passes through the second
interunit pipeline (22) and3ghen flows into the first
hi gh stage side pipeline (63) of the high stage side
air comlitiolung heatr exchanget 435) inf® tieSitoen (The refrigeranit aoddensed in the air
refrigerant diverged to the second four-way swtch
conditiohingehdaB8ichahge@Wds) pdssest thfoughtthe eécohé diitegmitnspglitie (22) and then
(33). In the outdoor heat exchanger (33), the inflow

flows i@ the dR6tNgh ShFeSdiRANPSINR]EY) dIRhOHIgH R Bide oaftRbot Sircuit (1a).
condensed. The refrigerant condensed in the outdoor

[0115]heat OR4hE AL dg?’éfn%ﬁiix\%{jhb% ed td e sle&o?x}dow o?’ f%@ﬁé}l valve (38)

de pipeline nerged

flows %gé;llego%{t?@eorrzhe?ﬂex F?el}gge% 'iifo‘t) Hlﬁ g&)(c)é%egteeﬁ{éégne ?ﬁ), the inflow
. thr h th h stage si e receiver 6 and flo
refrigciat GLigeER Do 4B GHORT B a0 Bgomarsetpi HoA fefiserencotdipsed in the
refrigerant i s deconpressed during _passage through
outdoor peatsxehargeriddhilaws Ho @ecfgstéugtaﬁg%ﬁdvmmgn@(@é) and
then flows into the first heat exchange section (41)
[0116]of t Ake cnergedidlomeaf thexrsiidgegents (mabe first higle stags sidtepipeline (63)
heat exchanger (40), the refrigerant flow ng through

enters theefifst ligtidhsip¢ (€5)c basnesethsmiphi the highltaghside beceiviee §36), and flows
fromrefrigerant flow ng through the second heat

throughXhd 86@ad I86H kape c1ld)pipetherG) (TR refpepMR Y defoniaised during

fromthe | ow stage side refrigerant circuit (9) to the

passagh 'tlﬁjﬁu?( fdSeSdrdeni ]'i ethid GAE dRpanSionGHlve B8) addthen flows into the first
ef fectuated and he refrigerant is evaporated. The

heat e&&farngg esreﬁtgat (ipa Prtﬁé ecg?f%g% Heal %%h Xﬁpy IR &S cascade heat

casc anger passes t t he nai

exchanégrC g 03 'ﬁlﬁgl Eﬁgg% Lﬂgglgrg @6?%\/@% ﬁgqﬁg{jgx%ﬁlget se?;ﬁﬁ)ﬁgil) absorbs
heat fr85’e¥e£?s%ﬁmff§§%1n§3w%ﬁ? 350b R PR AR 4P whereby the

carried out when the heating capacity, becones

recovery, ofitheat ifeom the, lewestagey side rrég'tgeﬁ@lt opeuit (9 ﬁOn@eehlglnféage side
flow of refrigerant in the third heating operation

refrigepand cincyitt (82 is sffectusted randf thewrebfigaratr isgevapomatadn  {The refrigerant
cool i ng operation node. [0118] As shown in Figure 5,

evaporated tafler heathresévege irs thetecaseddeilgetr extthacgar (d0) p4s8ss, thr(hgh the main
first four- way switch valve (37) is set to the second

suctiorspipé €6 MMand & dyawh v@to tHefixst Arlnvdcdrtchigle stapelsiio usmipp@ysors (31, 32).

swtch valve (38) is set to the first state. In
THIRPHEATING OPERATION'M@DEeach of the first and 35
[0117] The third heating operation mode is a heating operation mode that is carried out
when the heating capacity becomes insufficient in the first heating operation mode. The
flow of refrigerant in the third heating operation mode is the same as the flow of refrigerant in
the cooling operation mode.
[0118] As shown in Figure §, in the high stage side refrigerant circuit (8), the first four-

way switch valve (37) is set to the second state while on the other hand the second four-way

switch valve (38) is set to the first state. In addition, the opening of each of the first and




second hi gh stage side expansion valves (34, 35) is
controlled properly, and the air conditioning side
expansi on valve (44) enters the fully open state.
[0119] The first and second 38 gh stage side
compressors (31, 32) are operated and refrigerant .
secondd ihighh atage dsidei texpansiac valyes t(Bé, 86 98 controded guepeniygiand the air
stage side conpressors (31, 32) passes through the
conditioningtsidecaxpangiyn ealivd @) entbrsehd Billy openlstateen t hr ough t he
first interunit pipeline (21) and is introduced into
[0119]t he dhe f@Ndhd is&bnAthigh Istdpet side? tomphesdref(81,082)aire operated and
introduced into the air conditioning circuit (2) flows
refrigetdt QiskthBo@ SutG@PRAUH 61QRé ekt BEREecBXE BRRGEIe sidtDompréssbR]31, 32)
alr condrtioning heat exchanger (45), the inflow
r e dieSsi . 0 0 [ : :
passes B ACHE Eosf UST0 AL SRUDE RaIEDG7) 100 bl bl b8 frt mteruni
... he din.the ajr ,conditionin eat exchan ( .
pipelingp (45 '35 dFesupes S8P° Vise APer e Eing G ARk co TR, refrigerant
. the . air_conditigni,ng heat exchanger (45) passes
introdyegd dRfgrhe pis copitipring firent () tloyysato the a(rmgléwamgéeat exchanger
returned back to the high stage side outdoor circuit
(45). (Inghe airreondisfoningdreahexqhanges @AY dhe idlowy reftigerpgiudigsipatpe beat to
(65) fromthe first high stage side pipeline (63) and
indoortdie ang &s saslehsedo u Fhe tafrecdnidglvngtgaget §12)esuppliesi aiehegt@d)in the air
The refrigerant after passage through the high stage
condit®hih@ HeaC@ickiget BB) iits tibi st@eged in the second high
stage side pipeline (64) to the cascade heat

[0120]eX Chamh@erefrigtPant 2BAddns6d v tioRl JdRaitioRhgRAl @kcHadddr (45) passes
[0121] Refrigerant diverged to the cascade heat

through W?&&gﬁ] gftﬁt%lﬁ &)?eﬁﬁ@ 2% ggé Selndted stk B Qﬁé?%g)ﬁalaéﬁ gi&&rbutdoor

t he se tage si expansi on val ve

087, HRYE0AR 0 L1 RO OGS e300 b i
vt ROETRASE Sk B S 8 0 BT e

fromrefrigerant flow ng through . the second heat .. .
passage, Rl ahe, Bighi ke (5199 Tectier G8) i Aereed db s §e°8f13rbé%h stage side
. _fromthe |low stage side refrigerant circuit (9) to_the
pipelingi(64) totthgyeaseadgdeatraxchangsr ¢ and the gutdopphest gxchanger (33).
effectuated and the refrigerant is evaporated. The
[0121]r ef r iRgfriganant déneagrol tatthel cascadsr hdat exchangay(d9)yisidecopressed during
cascade heat exchanger (40) passes through the main
passags tirbighn thei seeor(ddigh atage bide @kpamsionniabvet (36) dnd then fiodrs into the first
second hi gh stage side conpressors (31, 32). [0122]

heat efthanBe RLAGT IPNMf thefdab@ge vt dkvigmgead (40). t 1R BYt ¢Reide heat
heat exchanger (33) is 36

exchanger (40), the refrigerant flowing through the first heat exchange section (41) absorbs

heat from refrigerant flowing through the second heat exchange section (42), whereby the
recovery of heat from the low stage side refrigerant circuit (9) to the high stage side
refrigerant circuit (8) is effectuated and the refrigerant is evaporated. The refrigerant
evaporated after heat recovery in the cascade heat exchanger (40) passes through the main
suction pipe (61) and is drawn into the first and second high stage side compressors (31, 32).

[0122] On the other hand, refrigerant diverged to the outdoor heat exchanger (33) is




deconpressed during passage through the first high
st age side expansion valve (34) and then flows into
t he outdoor heat exchanger (33). In the outdoor heat
exchanger (33), the inflow 3gefrigerant absorbs heat
fromoutdoor air and is evaporated. The refrigerant
decompreagsdr during riassage iheought thedirstiegh stege bida gepans3d) valveofdd) and then
through the first four-way switch valve (37), then
flows ity chegdutddee Heeacexatarigeti (33)ay Iis thiet aitdooa heat x3BangeA(B8), the inflow
then through the main suction pipe (61) and is drawn

refrigetdiit @bédiBs hédt Son2 REtdBEE AR hnhiigRY. ed.si fe @SB orated in
(31, 32). RUNNI NG OPERATI ON AT FAI LURE OF THE LOW

the ourlibohes Efchid Qgﬁsgﬁvger o gﬂé NS Hist foﬂ?—wﬁ%’ %8&&33 valye (37), then

operation of the re n apparat us

throug%%lg{gecgg(il ltq% | lo 9ch1 \;arl]ve {93%:“' HARE Fhr?u Ct?lgpnrl iy ?gsrtmn Splpe (61)

a e sid rlgeran I T Ccul

scr.i pe In t he de ription,, the fl ow ri gerant
and 183% Bt ird el éecgwiﬁ e Blaek e ARSI AL 38h) s
tted. @&0124] As shown in Flﬁure 6, when the | ow
RUNI‘QN&E;Q@ TEQN Y eEAB- URESHF JiH MW&MGEg%IDI% CQMPRESSOR
refrigerant circuit (9) breaks down, the first
[0123]s 0 eﬁ%xﬂ tl;wrtumng/aparenc(lseﬁ)heewfmesattmamawm(lﬂémtﬂee event of
whil e the second and third solenoid switch val ves
failure(d@he 156 claganitlet doenpryysas 89 af ehwiav sage sidh refrigemnf biic)it (9) is
enter the open state. In addition, the opening of each
descritetl. t hethei desdriptiod, the €RONEF refigdrant &f hghigt deoce@aresiigitant circuit
val ves (46a, 46b), the freeze storage side expansi on
(8)is ovdltv® (46¢c), and the pressure control valve (48) is
control |l ed properly In this running operation,

[0124] €f T 'A&%@% Ztﬁi |F§:§Qﬁ ﬁlxe 468 g{a'gé §{gle %8#:&&&@ @?Foihtﬁ@tlow stage

exchanger in Ot er wor

e eGSR o RO EED SR R BRBGH Y B o
s §5 L3 S BAAEh BG1  5 c

éﬁgvthen through the fourth_ interunit pipeline

switch galyve; ¢od) ﬁn@&éheoﬂp%%a@uc{n adidpmythe openyag (of wach 3’5 éhe first and
side conpressor (39). Since the |ow stage side

secondoih sterage side T parisionsyabyns ddi6a, ), tee freage staregef sidswexpansion valve
through the first bypass pipeline (67) and then flows

(46¢), amt thetpresssrrcamtiohealve ¢48)Hacgutralledt properly( 42 thi$ rarméng operation,
cascade heat exchanger (40). In the cascade heat

no refrégeediafiyevs théhph thdErst &bld gerage heatfdxohdrizer (4Mayligotlidiewords, the
second heat exchange section (42) dissipates heat to

first col®$tbia@e hadtlexEN@Ber @78 enters the stopped state.

[0125] The booster compressor (50) is operated and refrigerant discharged out of the
booster compressor (50) passes through the second branch pipeline (26) and then through the
fourth interunit pipeline (24) and then flows on the suction side of the low stage side
compressor (39). Since the low stage side compressor (39) is stopped, the refrigerant flows
through the first bypass pipeline (67) and then flows into the second heat exchange section
(42) of the cascade heat exchanger (40). In the cascade heat exchanger (40), the refrigerant

flowing through the second heat exchange section (42) dissipates heat to refrigerant flowing



through the first heat exchange section (41) and is

condensed. The refrigerant condensed in the second

heat exchange section (42) of the cascade heat

exchanger (40) passes througy the |ow stage side

receiver (43). And, the refrigerant passes through the
throughtthe first hestresohdngp isgreionr(dl) {nid3} cemdénsal. diTherrg@igetant tdrelensed in

second cold storage circuit (4) and to the freeze

the seGindIR@CexcEMPERMEHRN42Y of B¢l dasdad} hehtQrkeRindBE [40) PRERE thxough the
diverged to the freeze storage conpartnent circuit (5)

ow s TAEKAERCFT S 00, RG50S 0 1 i oo
(23) dfnﬁt R Hﬂg Elet%Z aet%f)z‘ri‘@ oﬁf“‘ %{ 483”}&%{3 tr(ﬁ)((a %ﬁ%%ﬁog\%et Frgeze storage

reeze storage exci anger
refri or a absorbs heat fromair in the freeze
°mmP%5ﬁEP5§ 'Uﬁﬁartnent and is evaporated. The freeze
st orage unit plies air cooled in the freeze
[0126)5¢ o ag&efrigeran eSl’é’ﬁ’@ﬁ@eFo (the) freaze ostorage f FUBPE ey gigeuit (5) is
conpartnent. [0127] On the other hand, refrigerant
decomgraseadgdiing passage deeghithe ftegze storagg sidsi expansion wjlve (6c) and then
deconpressed during passage through the second cold
flows stmthedecest storage hastsixohmangat (49).( dlthe fileeze stdvage héadwschanger (49),
into the second cold storage heat exchanger (47b). In
the inflow sdfidgirahtCabhsdrint Bead oftom h&iatin ethe hRegeT strhgd)contpaftment and is
inflow refrigerant absorbs heat fromair in the cold

evaporated! adBe E&%@%[dri@nhnﬁr@ﬂ %ﬁlﬁ@%@%@&ied iR the %e%@é: %ﬂﬁia e heat
cold storage unit alr cooled in the second

t lied into th | d
exchafeft @Zg“ggﬁpfﬁﬁgﬁﬁ@ gbgehe supelied gvapgrg? ed
0127 BRFB B - SLME B i B tlioaps cimic o
A i T T

circuit [,0129] Incidentally, in_the case ere
then flopyg lgtévcfeﬁ éewﬂocoéfi stosgs hs:@hﬁx@mfar{gab) ( Ayighe afmnd toRkd storage
freeze stora heat exchanger (49) are used as
heat exchapaerafiby,, qlet inflow eefiigerant @hsarbs theatp frems girein the cold storage
which refrigerant in the cold storage heat exchanger
compafttigh) and ieengmraitdd Inethhi sgbard toldnstodage unite@4)r &ir @boled in the
which refrigerant in the freeze storage heat exchanger
second(cb®) stomge heqerelianger (HOb) ie3afplict atto texedid B@edge RdMmpartment.
different utilization tenperature fromthe other.

[0128]HOWe IRk , refribetdht Sva 7% Biel e GReeBbhd Rold! fiBrage! Hab fegémger (47b)
heat exchanger (47b) and the freeze storage heat

passes through the second bypass pipeline (68) and then flows into the outlet side of the
freeze storage heat exchanger (49) in the freeze storage compartment circuit (5).

[0129] Incidentally, in the case where the second cold storage heat exchanger (47b) and
the freeze storage heat exchanger (49) are used as evaporators, it is required that the pressure
at which refrigerant in the cold storage heat exchanger (47b) is evaporated be higher than the
pressure at which refrigerant in the freeze storage heat exchanger (49) is evaporated, for each

heat exchanger has a different utilization temperature from the other. However, in this

running operation, the cold storage heat exchanger (47b) and the freeze storage heat



exchanger (49) are brought into fluid comunication

with each other through the second bypass pipeline

(68), as a result of which the refrigerant evaporating

pressure of the cold stora@g heat exchanger (47b)

will fall down to the refrigerant evaporating pressure
exchaider t(19) afel BodghtShiy A0 b@ahusisaivangeh da6R)otherl tasmighniie second

adequate counterneasure is taken. [0130] To cope with

bypasd Pﬁeﬁﬂ@‘(@), 4451 gLl Be whidhWheGrefRRREA ie9borhthfy ﬁn‘%@sﬂiré‘ @f the cold
0 he pressure control mechani'sm ( 48 dlspose in

storagé I?x%atvéféh ef (9’919 ﬂﬁl o4t h(?’x&(t_}§§) QEe Qéfr uc d ¢ gﬂ&tlﬂglﬂessure of the
d
freene ?@%ﬁ%&?ﬁcﬁa@?&@ gmeﬁﬁfr DB R age

eat chan 47b) fromfalling to the refrigera

[0130£vap qPﬁngig*r‘ééélaﬂ")é’ diry eﬂw@é%eor@f%\%ag@ewea%ng o the pressure
exchanger 54%2 [013 &@The merged fl ow of the

contro} grechapasma (4% disposerbinf the eicinist of digeoudenyids ohdstsceondeesld storage
(5 enters the booster circuit (6) and is drawn into

heat exdhengaydd 7l is cadnoed s predB@Imine ARXMANT AGEDYPEFFREGT ShaOre rigerant
THE FI RST EMBODI MENT [0132] The first enbodi nent

evapoiatiny ipessure R theotdld storggecishan Bk chgrger (4T feerh Salling 13 e refrigerant
According to the first enbodi nent, the high stage side

evaporafihg bERERE bf tHelffedbd stbje Ae exéﬁéﬂgé d)st age side
refrigerant circuit (9) are connected together through

[0131# he Cﬁfecrﬁéifgechﬁ% of AERANALINS Hhhe mfiéﬁéﬁg ﬁir&ﬁéﬁt ircuit (5)

Wo- st age Cascade refrigération cyc yt e air

eers RGP B Bk S GO IGS peBrBl B 202 |,
DA IR B R oo, 2 oy 9.n

nve e air conditionjing heat, exchan 45)
[0132] s d[ﬁﬁ&gétoe“g?ﬂdy“?ﬂ# pr%d%.ta# adlowing @V%tag@qsgegé?
rcuit (8) while on the other hand the cooling heat
[0133]exc hakrgerding torthe fustigmbodimentcthehighadagy side spfrigeramieirwiv(8) and
stage side refrigerant circuit (9). This therefore
the lowetags sitde pefigetsint cironit(9)oavet doanedted tegsthict ithmongly the sascade heat
exchanger (45) and the cooling heat exchangers (47a,
exchanféb (409%p therebyrpedyrntliafthersade dagpeis refrigeratibniayeleamtsreby the air
Therefore, each heat exchanger is allowed to use a

conditioRfipelsdat ¥echafder (45 chithe Bighisede side refripettint biréat (8)Witilizes the heat
tenperature and performits own refrigeration cycle,

of the IWPHERY sl IKAgerhd: ciB? 8) Tbrprbfidiichlingtt © tenperature

control 1n each heat excha ger 39
[0134] Especially, according to the present invention, the air conditioning heat

exchanger (45) is disposed only in the high stage side refrigerant circuit (8) while on the other
hand the cooling heat exchangers (47a, 47b, 49) are disposed only in the low stage side
refrigerant circuit (9). This therefore makes it possible to allow the air conditioning heat
exchanger (45) and the cooling heat exchangers (47a, 47b, 49) to employ different types of
refrigerants. Therefore, each heat exchanger is allowed to use a respective refrigerant suited
to its utilization temperature and perform its own refrigeration cycle, thereby making it

possible to facilitate temperature control in each heat exchanger.



[0135] In addition, according to the present
enbodi nent, the first bypass pipeline (67) is
provi ded, thereby nmaking it possible for refrigerant
on the suction side of the Igpv stage side conpressor
(39) to be bypassed to the discharge side of the | ow
{0135kt agdnsiditioncarporsreao thSresent Fnbodifrent theefimhbypasg pipeline (67) is
event of failure of the | ow stage side conpressor
providedthereb@ imdk@igy A posditle fhrerefrigetarft lodaGhe Sididnrstder dfOBE & stage side
circuit (9) can be circul ated by placing the booster

comprEé%UP (3559be b3Passed b MR RhhQE- su{eq;f%ﬁé 1W8tage Qﬂ@@ompressor (39).
bypass "pi pel The (68) capabl € of fluid conminicati on

TherefMé gvérpﬁl the Ut 8 fa?l'upete?tci{l Lopgse’tggefoﬁ{lﬁéoﬁé@‘gg f’%@,l rgfr?g%}ant in the

osed on t e ou

low Stiée"sr A Ao YRR M Gm R SR B S E oo Yon R urmpppssor (50)
inopéégeg breaks down, refrigerant can be circulated in the

nd cold storage heat exchanger (47b) by placing

t he booster conpressor (50) in operation and the

[0136k econd'heotegond thypasgepinelite €683 rangfde qfafwyl qamppunigationawith the
an evaporator. [0137] Furthernore, the pressure

suction eide rof Ithes/booster (wﬁmressoro[Sﬂ)omshspoecﬂ o ¢heoarttlet sids iofi ¢heofecond cold
the second cold storage heat exchanger (47b). Wen

storage béat egeltanpdr (4Tb). hesstkiehdlt ofdudl aghndeieens @canwhes tedow stage side
storage heat exchanger (47b) is introduced through the

compréR6P (BY) i £:kS oD @friBerahO&in b cirfiftated i tHeOfkcondl Solﬂf storage heat
the booster conpressor (50) in the event of failure of

excharldd® (4B B} gﬁ‘él tﬂg boB&?PEﬁﬁﬁ’(@Eso(- 350y i %ﬁrit%rélgie n§econd cold

evaporatin ssure o second C& stor age

storag@ﬁ{a@@?&%%{rﬁe ﬁjﬁctforng\éggﬁgxgja s falling to the

I gera ora t 8580re of the freeze
(0137 o' 3%&32%?%@6%%5?% SO 20 Rl @8R ptealrt AR g S of e
secondﬁ@h% Istggagg %%t%s%kmggé@%) V\,r%eltl E%glggr\évptzgrg&)g oﬁllflgt:sz%a of the second

storage conpartnents are cooled at specified

cold stogagp éﬁ%tteesﬁléasigby(thls inteedyaer thooughdhe pesgad hunass pipeline (68) to the
exchanger (47b) and the freeze storage heat exchanger

suctior{ 48l of SAEINDSENRODPMENT (5P) TiHEhd BNAENTIf Ghilfne 18The Aow stage side
refrigeration apparatus (10) according to a second

compressho d39e rthe akfrideeanyr @aporating mresstiteo0f dhé fecend cokh ktoeage heat
refrigeration apparatus of the first enbodi nent in

exchargef (4709 isSprevetité b falliaphd therrafrigerant b‘ﬁ”p@fdﬁﬁ@ép@éssur@ R Yhe freeze
the difference fromthe first enmbodi nent is scri bed.
storagé feat exchanger (49) by reducing the opening of the pressure control valve (48) to a
predetermined extent. Therefore, even when the low stage side compressor (39) breaks
“down, the cold and freeze storage compartments are cooled at specified temperatures by the
second cold storage heat exchanger (47b) and the freeze storage heat exchanger (49).
SECOND EMBODIMENT OF THE INVENTION
[0138] A refrigeration apparatus (10) according to a second embodiment of the present

invention differs from the refrigeration apparatus of the first embodiment in refrigerant circuit

configuration. Hereinafter, only the difference from the first embodiment is described.



[0139] As shown in Figure 7, the high stage side
outdoor circuit (1a) of the outdoor unit (11) has
only a single four-way switch valve (37). In the
four-way switch valve (37), 4che first port is
connected to the main discharge pipe (62); the second )
[0139or t Asshowmriedligde 7othe high stagersidamitdan cpwié (Y29 Df thegygdoor unit
third port is connected through the first shut-off
(11) hasabnlg o SGdgletfout-tvay sivitcls valivat(@7nilh the feiriwey $Wilch; vavel (37), the
the fourth port is connected to one end of the first

first pBi€a§ cotheeeand ehé afin aivckhAde pgfe (6D thé@serde goenls connected to the
exchanger (40). The other end of the cascade heat

main %ﬁﬁ&?g@@ l61) e ¢ gd ;;8&% ebiftlcle ARG R Mkt R HWAROEG) to the

eat changer 3 e other end of the outdoor

. . € ( .S ted of 4t

first. il RGCIRORIL ) e roBRR KGR BodiloftBE 45 2e ng, iSihg firt heat
of the hj age si.d Xpansi o al 4

exchasigs setinad ] e grocai ool SRR SINT oft e B enf g5 he cgecade hear
the second interunit pipeline (22). [0140] th

exchangep, (40) ppermneciad fo@ne ¢ of ﬁhesqut%?ﬁsczbeﬁfrﬁé(ﬁ anger, 839 owth ofher end of
side outdoor circuit (1b) of the outdoor unit (11) is

the ougdasy ihgatdexphatges (Bwisstoagected teonmiendof thiehighestegeaside expansion
(60). The | ow stage side outdoor heat exchanger (60)

valve (3).c ofimecthedendofSthe indgh staget dide expmosidn vebe (3é)Xishangeeted through
section (42) of the cascade heat exchanger (40).

the sedofd 4hlt-dDy4ves (B2 itd iheabdond ineanttipdpeinet(2®). | ow st age
si de outdoor heat exchanger (60) Is connected,

[0140F hr OuBHIthe Rehes AGRT) dnfiRAthe FFERANDAIAGHR! the Tow dtdge siliBftdoor circuit
through the | ow stage side conpressor (39), and then

(1b) of 'fl{eoéig@o&hﬂ%{gg %s;beﬁ%iggs .W‘i%]av W&aéiée‘igie oﬁﬁgF}Pﬁe&ft QUHdAger (60).

I nterunit the o han t he ot her

e f ' 0 (
The 1630 Sl sl 0 B e Y80 B byt Bleq 3 SRRPE el gnd heas
and then r h the third,shut-off valve (53), to
exchagiaetiin 2] HEBE Grepdo i BLARBRES A0 | o addi t1 on. ¢ he
| ow st age si.de outdoor heat = exchanger 0) is .
[0141},r oviMes welﬁcam, 8uF §@%@§3@d9§4 RECade P@ﬁﬁ%ﬂ%ﬁa& pxehanger (60} is
(114) and a | ow stage side outdoor fan (115). The low
conneefech fbrasigh ghe seagad heptagxchanss) sestip (429s thsnthroyeh dhe law stage side
the | ow stage side outdoor heat exchanger (60). The
compressar $3%gand ithen cubugio thehfarthesturaffyralve 689), ite the fourth interunit
configured such that it effectuates heat dissipation

pipelirfer @#).t N@n thefothgdiaadithé othehendofl o tow afape sidg Oliddbr et exchanger
descri bed above, in the refrigeration apparatus (10)

(60) istonhéted ﬁﬁeﬁgh tHRITBAGEIFR Ride redeveri(43)C@dcthéd Sirbuph theedird shut-off
exchanger (45) for selectively providing i ndoor space

valve (4513), to the third interunit pipeline (23). In addition, the low stage side outdoor heat

exchanger (60) is provided with a low stage outside air temperature (114) and a low stage side

outdoor fan (115), The low stage side outdoor fan (115) supplies outdoor air to the low stage

side outdoor heat exchanger (60). The low stage side outdoor heat exchanger (60) is

configured such that it effectuates heat dissipation from the refrigerant to the outdoor air.

[0142] As described above, in the refrigeration apparatus (10) of the second

embodiment, the air conditioning heat exchanger (45) for selectively providing indoor space




cooling or heating is disposed only in the high stage
side refrigerant circuit (8) while on the other hand
the col d storage heat exchangers (47a, 47b) for
provi ding cooling of the colgy storage conpartnents
and the freeze storage heat exchanger (49) for
cooling rop \heatingpis clisposethord§ i ke high stage skleoefripgerant npparit (8 ntvhile on the
are di sposed as cooling heat exchangers only in the
other handl theagid Stodgpe heait lekglRimpdts (474,C47H) foP provading rtobligg of the cold
first enbodi ment. The high stage side refrigerant

storagé copArtméms an@ M fHdege LBMgs hasiexehfRer 9? f¥er8¥illing cooling of the
circuit (9) are charged with differen ypes of

foczels Rt AL Bept o AP ORAE SO Mot SYAheck POy it BF i gy toge side
. of th d. i .1s.d {bed, Th . -

revipefiy gty B R AP (o o) W R GE g e Feiaeragt crcuit ()

and thloy FaeF DIt AL (D FIRES LR oR B P RageTants.

The cooli n% og‘erati on node is an operation node in
RUNNENG PRERARIONcondi tioning unit (12) provides cooling
of the store space while sinultaneously the cold

[0143kt or adext.uthiet mmiihg, opeatipn anfdthe hrefrigestive apparatuye(1dpiof the second
(15) provide cooling of the storage conpartnents.

embodifdddtSls Assceibedn The Fefiigeeatidn appatdtes {l@hisscagfpeediguch that it
refrigerant circuit (8), the first four- way swtch

selectivélly pRrfoRrs a tsolm@lopkRtibh tholdk bf b hedtio@petafioa@idel on, the
hi gh stage side expansion valve (34) is fully opened

CoouﬂN@@mﬁfoN@Dﬁand the opening of the air

condi tioning Si expansi on valve (44) is controlled

{01 44]8 L ?TIFJ) el‘ﬂeycoo[ig% éﬁ%ragé}f mfohé # adgg}gﬁ%rétgp%gxﬁgdg !}rggfpfbﬁﬁﬁ@ ﬁ?i cquitioning

ressors are o I gera
. i schar ged put each of the first and.second. high .

unit (3) BV G20l of e SEFE sfiss Wil bRty RROGHA Mofhbe wis 3,
four-way switch.valve (37) and then flows into the

14) ang fhefrol a&oraes@aqgr@é brotidy porfingfyhe StAragh EOBBRTRES heat
exchanger (40), litt]e heat exchange is effectuated

[0145Thet weltsshoppacin Fagure §elngthe highglagecsideniefiggmnt siscyit (8¢ the first four-
heat exchange section (41) and refrigerant flow n ]

way swiiel vglyet(B@) sestnid the first statharlgeaddision; dhe figh)stageOsidey pxpansion
The refrigerant after passage through the cascade heat

valve €43 hafighr ofes0d villileven thetotherthaad alkt dpating) efitheeaic bamtisoning side
(33). In the outdoor heat exchanger (33), the inflow

expandiéd Vilge (4 is dbatrolled properly.

[0146] The first and second high stage side compressors (31, 32) are operated and

refrigerant discharged out of each of the first and second high stage side compressors (31, 32)

passes through the four-way switch valve (37) and then flows into the first heat exchange

section (41). In the cascade heat exchanger (40), little heat exchange is effectuated between

the refrigerant flowing through the first heat exchange section (41) and refrigerant flowing

through the second heat exchange section (42).

[0147} The refrigerant after passage through the cascade heat exchanger (40) flows into

the outdoor heat exchanger (33). In the outdoor heat exchanger (33), the inflow refrigerant



di ssi pates heat to outdoor air and is condensed. The
refrigerant condensed in the outdoor heat exchanger
(33) passes through the second interunit pipeline (22)
and is introduced into the4ar conditioning circuit
(2). [0148] The refrigerant introduced into the air
dissipatesnlatiat konindgorir end tis condensedde dbapeligsraat condensrg intthe outdoor
passage through the air conditioning side expansion
heat exchhvger (33)) passed thivegh ftheosesond imeruhit gigeline ¢22)cknkdi is mtreduced into
heat exchanger (45). In the air conditioning heat

the air @¥Kd1BHSIRE clrdM )t he inflow refrigerant absorbs heat
fromindoor air and is evaporated. The air

[01481cONdithp %‘fr f hﬁrodﬁé%l) 1n§dJﬁ‘)'3| dif §orﬁ‘hﬁorﬁﬁ’% Eﬁaﬁi gtif' Be&infpressed

condi ti Onl eat exchanger I nt sto

gl BiPbe] S ST AP o
e s e aRBEL 85 0 e AR RS sRAal e, e

returned refri gerant passes through the four-wa
inflowggjrigerany abspebs ray framndersrlr e is eypparsed malbe & it eonditioning unit
(61) and is drawn into the first and second
(12) SUCPQEW aisealed in3he air gonditigringsiogat exchangerddhHdntorthestore: he
| ow stage side conpressor (39) and the booster
[0149]c onp The sefrigef} eaappratpe rim thea amnebnd#foningehean texchanger (45) passes
di scharged out of the | ow stage side conpressor (39)

through [teirdt HheniniepipelaRn@11ead icretlrasd Backent therhight @hgokide outdoor
t he cascade heat exchanger (40) in the | ow stage side

circuit r(p{)[ : TRE Pdthrrell kS Hbrakt ?asse@'ﬂ%ﬁgﬁ R FHRAIREY viidtevalfe (37) and then

gerant discharged out of the |ow stage side

oo PFSEE s Yod 1L 050 01 TR plors o1,

32) side conpressors (31, 32), this neans that |little heat
’ exchange takes pl ace betvveen the refri gerant fl ow ng

t hrou e nd h exchange., section an h

[0150]; of | g’é‘r g}ﬁ \C/l}aﬂa S rotagte Side %‘}mWS%fP 3%% éﬂ‘g et‘i'“e “booster
section (41) in cascade heat exc ger g?%s

compresgqu(Ff) ménemd g@rraﬁtgem dischargeche o rﬁT loghstagfeside compressor
cascade heat exchanger (40) flows into the | ow st age

(39) fleweg into thelsrsondh beat exghdangn gestiopdd) of thetqaecade featt %@hanger (40) in
si de outdoor heat exchanger (60), the inflow

the low sthgé sjde aafrigeliasisiipaitd$). h&acetthe tammwureajf refgigeransdischarged out
condensed. The refrigerant condensed in the second

of theHeat staye Bhlegeomsmessop (39)413) alpRss egudl o othg etnperatuvsy of refrigerant

discharsztgtac;l1 %it jt?’ each of the hlgh stage side compressors (31, 32), this means that little heat
exchange takes place between the refrigerant flowing through the second heat exchange
section (42) and the refrigerant flowing through the first heat exchange section (41) in the
cascade heat exchanger (40).

[0151] The refrigerant after passage through the cascade heat exchanger (40) flows into
the low stage side outdoor heat exchanger (60). In the low stage side outdoor heat

exchanger (60), the inflow refrigerant dissipates heat to outdoor air and is condensed. The

refrigerant condensed in the second heat exchange section (42) passes through the low stage



side receiver (43) and then through the third
interunit pipeline (23). Thereafter, the refrigerant
di ssi pates heat to refrigerant flow ng through the
first heat exchange section43t1l) and is condensed.
The refrigerant condensed in the second heat exchange
side reeeivarof#3) 4yl tient theoughatheathirdhéterusitchigelimy (23)0) Thereafter, the
passes through the | ow stage side receiver (43) and
refrigetdre nlidsipatey dieat tohefrigerand flowiy thioughpihp dirstrieal @haggedsecton (41)
diverged to the first cold storage circuit (3), to the

and is 86¥dRASEC Ol Thhe $éfPibaRRt Candensell i the se@nd Hedt d:tBadge@@eon (42) of the
storage conpartment circuit (5). The subsequent flow

cascad®hebt&dxch ef"ﬂfﬂ) lpﬁssE?ﬂu&fQH tBE z&? sﬁgéj Edé ldelRE g@fjtand the en | through

circult e sane as t I ng operation no
the thi?& étgl%n ﬁélm%n@gfj V\n%rﬂste dgﬁlﬁ]lt'&%@ St llcgtgklorr’\gg%Em[cu%tS&, to the
ration node. of_ th on embodi nent are
second BT Try@e "Bt JHIRCR T8 Howr QoraRp FOMRARBIR SiPHh (). The
node_in which the air_ conditioning unit, (12) provides

S“bse‘ﬁ@éft flowy of refrigerant ig the é%é@gmq%re&}w sHewt Q)yls flppesame as the
cold storage units (13, 14) and the freeze storage

cooling aperatiarsinoge ofthaéirg enibodignast. the air in the storage
conpartnents and the other of which is a second

HEATHNG ORERAEIQN MODFode in which the air conditioning
unit (12) provides heating of the store space while on

[0152]t he GhhB¢ folRFWEng, hEvoC exdinpled of aige hedting Sopletationlthpd@dd the second
the freeze storage unit (15) are placed in the stopped

embodithéft€are [A&RpibetiEME NGVERERAL 1M [dpéfagibn Ao iaWhikh the air

Figure 9, in the high stage side refrigerant circuit

conditiofiin n%ﬁ]? (iﬁuﬁro X‘ﬁﬂg‘: Bt Yl?elh‘{t%ré Sface! Wh 1?@%1115\.9{35%3 ly the cold

sec stat'e. Itron, e alr conditionin

storage ?frﬁ?shr@."oﬂ gltl\éee%é 442§t0|r%%(ef yl l eigﬁ ene(% cot)gaé QF th%%‘iernmqge storage

compaﬁgﬁcontg O| | e%slﬂtrlaofger l\%{héﬁlll ?@%%gédd{% 13%?)%' A ODI%oéi[%er in vr\;hich the air
exchanger & and the | Qqw stage side_ gutdoor fan

Condltle@%)u%ﬁc (2 providgsheaties of e %aqeo%?e whidg tondhe iptheg dand the cold

2 ohﬁlaced in the stopped state. %}0154] The first

storageawu sddd.0kd and gie fereagetorigd any (Hpraesploeesd inadhe stapyedztate.
operated and refrigerant discharged out of each of

FIRSE HEATING ORERAEHONMODE st age si de conpressors (31,

32) passes through the four-way switch valve (37) and
[0153]t hen tABrshodh it Rigufe 9,94 thertigh stagd sifé petip@antdreuit (8), the four-way
switch valve (37) is set to the second state. In addition, the air conditioning side expansion
valve (44) is fully opened and the opening of the high stage side expansion valve (34) is
controlled properly. In the first heating operation mode, the outdoor fan (91) of the outdoor
heat exchanger (33) and the low stage side outdoor fan (115) of the low stage side outdoor
heat exchanger (60) are placed in the stopped state.

[0154] The first and second high stage side compressors (31, 32) are operated and

refrigerant discharged out of each of the first and second high stage side compressors (31, 32)

passes through the four-way switch valve (37) and then through the first interunit pipeline




(21) and is introduced to the air conditioning circuit

(2). The refrigerant introduced to the air

conditioning circuit (2) flows into the air

condi ti oni ng heat exchanger 4445). In the air

condi ti oni ng heat ethanger.(452, the inflow .
(21) andbfsrinigeduged todthe sirsanditioniag cirewt (2)dodhe wfrigeaart intsoduced to the air

condensed. The air conditioning unit (12) supplies air
conditfominige dircuit {(2)e flaivs intontiet aiorionditionimg hea chelegeer (49) In the air

into the store space. [0155] The refrigerant condensed
conditioningdhBeatickcle@gel (45y the dnfiwatrefeisetann dissipstdShefas dfdoor air and is

through the second interunit pipeline (22) and is

condeARHUT TRE abadhditRninaeudit @) ShpgiRsSidRedd HOMe aif béridiidning heat
la). The returned refrigérant is deconpressed during

exchaﬁf%?i@?@g%&é\%@&%g%_t he high stage side expansion

_ en flows into the outdoor heat
0155 XE TR Ty SR 35 M P P X9 s

tate, heat apsorpti evaporati of the, .
throughtfé ésop enaaen e?ﬁ%&ﬂﬂﬁ Buoraed P ¥ the,Bighestage side outdoor
. .outdoor heat exchanger (33). [0156] The refrigerant .
circuityflap, Theseehyaed ringypnt: i deetmprssied gdiscrparagerthogeh the high
flows into the first heat exchange section (41) of
stage sifieexraosian ovalved34)condtheny 8ows 40P the putdper heat exabienges433).  Since
exchanger (40), the refrigerant flow ng through the
the outdoos tfarh ¢Hf) ofxthdramgdeorskt exchabdér) (3apxoplaced inathe sfopped state, heat
refrigerant flow ng through the second heat exchange
absorpiieft(edbotAidh) oMy RIBYgde ddes @OV Biky (p]icef@ﬁt/el&riﬁrm& latdoor heat
| ow stage side refrigerant circuit (9) to the high
exch side refrigerant circuit (8) is effectuated and
the' réfrigerant in the first heat exchange section

[01 56#141) Tﬂesreﬁ'}g%g‘ﬁ:’t %ﬁ% jass & tﬁrgfelélL&%ro%%ooﬁ‘ﬁ@ﬁ%%éigaﬁ'{ﬁ? Flows into

eat recov cdsca _eat exchnanger
e o RRE A R 0 i BT B ) e e
ol o0 kSR SE e D PR AR SRR o

conpressor (39) and the_ booster. conpressor (50) are
heat from refrigerantilowing brpughale sesand heat exgapamsectiopdd?) vlgyeby the
and refrigerant discharged out of the |ow stage side .
recovesy rair et from 3By lpwosiegs sids refidgesatosiccuite () toxdieahigh stage side
section (42) of the cascade heat exchanger (40). In
refrigerdre cirasit §8)as leffattustrd had gerrefrigeyant frhthe firstf idatexchahge section (41)
fl ow ng through the second heat exchange section (42)
is evaplirae paThs rdfdgdratitGvaporated after heat recovery in the cascade heat exchanger

(40) passes through the four-way switch valve (37) and then through the main suction pipeline
(61) and is drawn into the first and second high stage side compressors (31, 32).

[0157] On the other hand, the low stage side compressor (39) and the booster
compressor (50) are operated in the low stage side refrigerant circuit (9) and refrigerant
discharged out of the low stage side compressor (39) flows into the second heat exchange

section (42) of the cascade heat exchanger (40). In the cascade heat exchanger (40), the

refrigerant flowing through ‘the second heat exchange section (42) dissipates heat to




refrigerant flow ng through the first heat exchange
section (41) and is condensed. The refrigerant after
its passage through the cascade heat exchanger (40)
flows into the | ow stage si4fe outdoor heat exchanger
(60). Since the | ow stage side outdoor fan (115) of
refrigerang floywing sheoyeh Shel dirstubers sxchange seRomiyr andsip) conglensed.  The
pl aced in the stopped state, heat dissipation of the
refrigerat afigeitapdssapechrongh theamcqnledmet achanger {40)flavseintoothe low stage
stage side outdoor heat exchanger (60). The
side olit@bér B&dt aRthankéc(60).t SSipos grgPwW bage gidet ditdcve fam @118y aif the low
exchange section (42) passes through the | ow stage

stage $AButiESEhAE Ex&hﬁﬁéer ?@@) isskell Bh AORop A didte Nikbat dissipation of the

Interunit pipeliné nd is diverged to the first

refrlgega(}xlrt gdog %ﬁ%ﬁ %'rl]%:g ;ﬂg{i}/é]lg)m th® lgvt] Gta ?8 %91?:%1&(%(9‘ P E}@ﬂﬂﬁnger (60).

freeze storage conpart nent
o A g B O B 5 e v
the lowgrésgﬁ%(éghg&gqe%%?r a4y on &de of ginggg.ll{r tntgﬂng\?%dfnﬁl%e (23) and is

gure 10, in the high stage side refrigerant circui
dlvergfda)o the st eold staeage cirapit €39, (athe seqoa)cald Stegage cicyih 64), and o the
second state. In addition, the air conditioning side
freeze stopagesionmpartueent eirqudtd(s).e Tl subsepiehufloy of pefmigetaat in the low stage
whil e on the other hand the opening of the high stage
side refiiigbeart X[rauis (N fis thalsarte aSthe coslingpayetatidnatoder affthe fiyst embodiment.
Unli ke the first heating operation node of the second

SECONIP P AFING OFERAYIONVIOB® (91) and the | ow stage

side outdoor fan (115) are operated in the second

[01 58]h e at | AGHORAATFi Rt TRUE the lﬂgﬁ gé 51@0 reftiBErahOMtcRitIL the four-way

de conpressor- (39) and ooster conpressor (50

sthchI x{%l\}eh 7# %V\éef Loa‘@lg sgéo%ﬁ ds'ia?% ﬂeidﬁﬂ%)ncﬁ{e CEHII #onﬁiﬁ on r%emde expansion

st'oppe at'e re rlgera

v (0 B S GO St Skl s s
side e:&%ggorg gf\éjry ég@d% ggl?té hes)]gc!é‘ Ye &%@gg?}gdto %ﬂbgg E o?:gr%gon mode of

refrigerant discharged out of each of the first an

the seenadAvabadimpnts thegautdear dar dMr andsthe Joytagezsge owag%re@n (115) are
through the four-way switch valve (37) and then

operatechimothgtsetdnd lidatisg operaonuniodepi Jnedddeteon, (iz1howastags side compressor
introduced to the air conditioning circuit (2). The

(39) andethe ibgestandomprtssod(50% th the loWwestage sideaefrifietanovireuyt (9) are placed in
circuit (2) flows into the air conditioning heat

the st@ppedanger ald e rdfigdrhie @i the ONdiage Aidengefigatnt circuit (9) is not
exchanger (45), the inflow refrigerant dissipates heat

circuldtel, hRd 08Yling! of 11 Worhe fnpartments is not provided.

[0159] The first and second high stage side compressors (31, 32) are operated and
refrigerant discharged out of each of the first and second high stage side compressors (31, 32)
passes through the four-way switch valve (37) and then through the first interunit pipeline
(21) and is introduced to the air conditioning circuit (2). The refrigerant introduced to the air

conditioning circuit (2) flows into the air conditioning heat exchanger (45). In the air

conditioning heat exchanger (45), the inflow refrigerant dissipates heat to indoor air and is




condensed. The air conditioning unit (12) supplies air

heated in the air conditioning heat exchanger (45)

into the store space. [0160] The refrigerant condensed

in the air conditioning heaggexchanger (45) passes

through the second interunit pipeline (22) and is =
condensed.ur Hesdaib gekditioning aniti @B) sunpplies girdieatedtidgbe airc¢anditioning heat

(1a). The returned refrigerant is deconpressed during
exchanges(485pasatie stdre spegh. t he hi gh stage side expansion

val ve (34) and then flows into the outdoor heat

[0160]eXChangaefrigdmht chbidenbel irDtHedgio lcohdifibnigy HEan eREhahged) (45) passes
the inflowrefrigerant dissipates heat to outdoor air

througR ML deSond Qﬁ@ﬁﬁi gﬁ)eliﬂ_@ ?22 gfé()i i ORMANMG GRRAS BRERigh Rialgh %ié:lgtoutdoor

out door heat e ange flows I1nto the first

o 1788 30ROy SEER o) rSEREEGhen e i
s GRS 17 (B B ST BB Y . e

refrigerant flow ng through.the second heat exchange . .
outdoog ey gxchapger) (33 ke gty gifrigarant rd1gvpgiess eat dot PHidRA eir and is
the cascade heat exchanger (40) passes through the
conderssed,r - Thagyrefigerani condensed(ig the ewtdoarthent exchanggh (l%d dlomsiinto the first
suction pipe (61) and is drawn into the first and
heat ezemopel sectin $4Bgef sheleasadpriess ershafgdr, (4B) . In the cascade heat
ADVANTAGEQUS EFFECTS OF THE SECOND EMBCDI MENT [0161]
exchanfec@0y]indthehexichange @ilicls phicabeiveen fiarefrigesant HOwiny thidigeh the first
second enbodi nent, the air conditioning heat

heat ex@k&iRN@Eod @) ahd rddtisRanatbwin Yoroligh R REGHA s Bfchhhesection
refrigerant circuit (8) and the cooling heat

. e i dibutty N pRatibio) (8o
the fo@-%?}%ﬂt\falgjg{t?@n%nﬂghﬁr{e %{r&&(‘ﬁgﬁg Taid sn{%ﬁ@? 'I’Qflﬁg(‘@ ﬁaefﬁ‘i {s@hwn into

I'rcondi anger
ers (47a,,.4 49) to enploy

ool in al exchan
the ﬁrsgfuf‘* %QF§H$§’(%J?6@§E e%@’F‘PTeg%qlﬁﬁls.Z%Ther efore, each heat
exchanger is allowed to use a respective refrigerant
ADVANJAGEOUS EFERGTS OF FHE SECONDEMBGDIMENE  { orm |t s
own refrigeration cycle, thereby making it possible .
[0161]t o f Acrordingtte the rgi@gqamreamrﬁtudlﬂo of él&cwcmg@mbodlment, the air
exchanger. [0162] In addition, in the second
conditienipg dieatemxchartgae (45pvs dispayed enkyan che bighbstage aide refxighmanteircuit (8)
(60) is disposed in the | ow stage side refrigerant
and theicoclimg heé&t) exchAanggry 6614l 47bf 49)afe dRposedgaiierih,thelew stage side
the | ow stage side refrigerant circuit (9) the anount
refrigeht Bieadit @)SAriaeHe Hyst 4Mhbodiment. This therefore makes it possible to allow

the air conditioning heat exchanger (45) and the cooling heat exchangers (47a, 47b, 49) to
employ different types of refrigerants. Therefore, each heat exchanger is allowed to use a
respective refrigerant suited to its utilization temperature and perform its own refrigeration
cycle, thereby making it possible to facilitate temperature control in each heat exchanger.

[0162] In addition, in the second embodiment, the low stage side outdoor heat
exchanger (60) is disposed in the low stage side refrigerant circuit (9). As a result of such

arrangement, when in the low stage side refrigerant circuit (9) the amount of heat absorbed by




the cooling heat exchangers (47a, 47b, 49) exceeds a
predeterm ned level, it is possible to discharge such
heat outdoors fromthe | ow stage heat exchanger (60).
This therefore makes it posgible to acconplish
I mprovenent in the cooling capacity of each of the

the coelingl hasy exehangers {dTm rityls 49) emgedu7 predetermined)leysl, it is possible to
EMBODI MENT OF THE | NVENTION [ 0163] A refrigeration

dischamp saclahess o@tioprsaftamnithi loy stegeahdah exchapgdrd@0)re Mthivthetefiere makes
present invention differs fromthe refrigeration

it posséfdpas atdtinplfshtifprévehfnt aimirdiosling capacitgfdfi @eh afitthe cooling heat
circuit configuration. Hereinafter, only the

exchar@kfsf w;:qeg dgom the first enbodi ment is descri bed.
é Shown in Figure 11, unlike the first

dﬁ@hﬁ Pﬁ%ﬁN out door heat exchanger
THIR?@@; I'S |sposegI I'nt &tqage si de outdoor circuit

(I'b) ,of .he outdoor The

1016310, A ferigSTpoat ARy (o o Serbingsihra, UOH S ROGmERLEr frp present
the.sec exchange sect]on of., t he, cascade

inventigg giffeas grﬂgh@e .rgfl(lge)atwm REERIPS ?%tﬁ? .&m }nbedk%l Hg@agﬁ!fﬂm circuit
enbodi nent, the second heat exchange section g

configypiion asﬂ@ﬁ@aﬁ@apnlém%@me €r401) the dirgs §81bpi escrlbed
downstream of the | ow stage side outdoor heat

[0164]ex c hdysgbowh80)Figre 165inliortke Sipst cifbiodiadny,, the hew etage side outdoor
the | ow stage side outdoor heat exchanger (60) is

heat exchanmpee (60) it dispogd ih hiee loonstageagide sutdeorcargnitg$Bpof ths dutdoor unit
and then through the fifth shut-off valve (55) to the

a1). oensw stagge%wbatdsbm.at BLcHas4or- (60)ist fRneit&E in baied to tthe second

ot her of the ow stage side outdoor heat
heat eﬁ?ﬂﬁﬁé@ Q64tionBRR) 1ot t‘ﬁ@ %@&H@ hehh Eﬂlﬁﬁ%&h 05 €RNSHdMER, unlike the

exchange section (4 then throug e | ow st age

seconds%rgﬁocf@%ﬁf \fﬁ S&%E%hegtn&c%)%gét %elafugﬂl‘ ﬁ)t HEnE QUEdalle heat exchanger

erunit pipell

(40) is GRS omao e AR OT e atife SiE %%@%ﬁfai% Egéﬂﬂﬁ%e
[016513'u[ Byl Era?ﬁlﬁa%i Snerft Ol e genes it %Fatf%mﬁanger (60) is

supplies outdoor air to the |ow stage sid

conne @é@vglhﬁwt logs sthgmh gide cBwressThSN and dhery @gweibthe fifth shut-off
out door heat exchanger (60) is configured such that

valve (56) tof the dowrth ederhmiapinglins (3 | On the other hand; dfer othen engk of the low
to the outdoor air. [0166] As described above, in the

stage sidefoutdper htat@nclamgear @0V & dohfigctal thtdughtting sedowhbent Eexenhge section
48

(42), then through the low stage side receiver (43), and then through the fourth shut-off valve
(54) to the third interunit pipeline (23). In addition, the low stage side outdoor heat
exchanger (60) is provided with a low stage outside air temperature sensor (114) and a low
stage side outdoor fan (115). The low stage side outdoor fan (115) supplies outdoor air to
the low stage side outdoor heat exchanger (60). The low stage side outdoor heat exchanger
(60) is configured such that it effectuates heat dissipation from the refrigerant to the outdoor
air.

[0166] As described above, in the refrigeration apparatus (10) of the third embodiment,




the air conditioning heat exchanger (45) for
sel ectively providing cooling or heating of the
i ndoor space is disposed only in the high stage side
refrigerant circuit (8) andd4ghe cold storage heat
exchangers (47a, 47b) for providing cooling of the

the aircmhdit®hmgdgat exchaagdrn@f) foraslictivaly provdding codblimgge héwmp of the
exchanger (49) for providing cooling of the freeze

indoor$badedd QispOsEAIM Y RINthe hithetdte SRR IEH gafant 6ipdi(@) BBdthe cold storage
exchangers only in the | ow stage side refrigerant

heat eXchhfrgtrd (ég(%z th?)rslfdsg)m\tiﬁﬁ ,fcioBﬁﬁ% Sggg%déoﬁ@ %ﬁaegyt%rﬁﬂ t thents and the

stage side rant Circul and t | ow'st age
freeze 3cpite i ExGIRRERHS] Kbk, BoMnd QR e dbyrag pompartment

. [ 0167 Xt,. the runni ng ,operation of the _. . .
are dispi3Fl a5 bl el BB 1Y ) PO PRI e aRfrigerant cicuit (9), as in
enbodi nent is_described. The refrigeratign apparatus .
the firgt1embodimertnf Ihg fegh stagp sideatelfigerantcgiput; (B3)apd e flpyngtage side
. a cooling operation node or a heating operation node.
refrigerant einerit (O) atenhiarggd withsdifferentciypés afgefaizgrantsat i ng
operation nodes of the refrigeration apparatus (10)
RUNNIN& OPEFRATHIN. COOLI NG OPERATI ON MODE [ 0168] As shown
in Figure 12, the sane operation node as the cooling
[0167]oper NekftheRGhing opédation iof She estH@elatiem apparatne(10) 6f the present
in the high stage side refrigerant circuit (8). [0169]

embodfiledth® 848@bed)aNthe tr@l?iglsﬁ‘li’oﬁaé‘%)ﬁraﬁisdﬁ(ﬁoﬁpéﬁﬁ@%ed( 3%h that it

and the booster conpressor ( are operated 1 n the
_ . . , oot Ci . : . ¢
sl R854 5oL pURRAR npbt b feling LA BRI 1n e
rollow o OYBich g e PR S O gD AR 10 e

describ%go)’ the inflow refrigerant dissipates heat to

tdoor air and is condensed. [0170] The refrigerant
condensed in the | ow stage side outdoor heat exchanger

COOLIpSy OPERAEIONMODE: second heat exchange section (42)

of the cascade heat exchanger (40). In the cascade
[0168]heat Assbhende Figui9)2, thesame ppérgiieramiode psthierngoling epeyation mode
the second heat exchange section (42) dissipates heat
of the first erebodimentain pefforowidrin theighigage side fdfrigeramteacuid ¥8hange
section (41) and is further condensed. Stated another
[0169]way, Ohetheebthegeiandt thes 1@ dpeOsikle dednipredser (3®)cafi¢ the booster
heat 49
compressor (50) are operated in the low stage side refrigerant circuit (9) and refrigerant
discharged out of the low stage side compressor (39) flows into the low stage side outdoor
heat exchanger (60). In the low stage side outdoor heat exchanger (60), the inflow
refrigerant dissipates heat to outdoor air and is condensed.
[0170] The refrigerant condensed in the low stage side outdoor heat exchanger (60)
flows into the second heat exchange section (42) of the cascade heat exchanger (40). In the
cascade heat exchanger (40), the refrigerant flowing through the second heat exchange section

(42) dissipates heat to refrigerant flowing through the first heat exchange section (41) and is

further condensed. Stated another way, the refrigerant is supercooled in the cascade heat



exchanger (40). [01711 The refrigerant supercooled in
t he second heat exchange section (42) passes through
the | ow stage side receiver (43) and then through the
third interunit pipeline (239 and is diverged to the
first cold storage circuit (3), to the second cold
exchangerqd@ye circuit (4), and to the freeze storage
conmpartnent circuit (5). The subsequent flow of
[0171]r ef r THerefiigetafit thigerécdedS i fR sekbil® hegl Exdfian g bectioh QUR) passes
(9) is the sane as the cooling operation node of the

througl tHeSbwaRRdidEBREeiver ) dniCh SPERMEh M MptEintd?dniepi Iﬁfilez(%) and

heati ng operation node Is a heating operation nbde

e T LT, Db BB ) o e
frecze {3 SRR PR UL, T8 SCRSFASBH IS PhiF HesTehcE B tow stage

. jrst heating. operation, npde of the first enbodi nent_.

side re{r@e@m Firt Ghis tﬁﬁswreasrth@ fealing peetatign made of g fast embodiment.
circuit (8). In addition, in this heating operation

HEATESGOPERATION MQBE si de outdoor fan (115) of the |ow
stage side outdoor heat exchanger (60) is placed in

[0172]t he Fhispheatingt eptegation0hpd¢ iTmehéatingsopeg@tion dwde in which the air
conpressor (39) and the booster conpressor (50) are

conditiomiag aheadl exicharigee USWVpRdvAGs hedlimgr flst | lge maaking iutididation of heat
(9) and refrigerant discharged out of the | ow stage

recove&ﬁ‘i’@me%ﬁﬂhﬂéﬁ%rexél?a%kerf(hgﬂﬁ into the |ow stage side
out door heat exchanger (60). Since the |low stage side

td . i .
[0173]0uUl d@Q rsh{)@\? 61% %‘%)S{e 9{3, {n %a{ng"&lp%fgﬁgﬁ rﬁécﬂ:ea(jotm: (iﬁ&fhelagg% operation

exchangel placet stopped state, h
mode G BRASh S len R 44 LASh LS oc BBl 1 1

.. (60),. [0175] The. refrjgerant after, it assage.{ ugh
additiob 13 s PR AP<E g TS B Ao WaTiee Sils BRI Aog) oY BRath stage
) ipto the second heat exchange secfion (42) of the

side Ouac{g?g& Bert exehapgerd o0y ﬁbﬁ@?cf MS; .S"OPPPC{ fiefecascade heat

exchanger (40), the refrigerant flow ng through the
[0174] secombe nvustagsidaenyepresser (39 and the hostst praprrsssee 610) @ty operated
] refrigerant flow ng through the first heat exchange _
in the lgwetagesidedtfrigarat ciscuitd@) embrefrigdran dcharged petf ofitheloanstage side

condensed in the second heat exchange section (42)
comprepsayB9) HOws into the low stage side outdoor heat exchanger (60). Since the low
stage side outdoor fan (115) of the low stage side outdoor heat exchanger (60) is placed in the
stopped state, heat dissipation of the refrigerant does not take place actively in the low stage
side outdoor heat exchanger (60).
[0175] The refrigerant after its passage through the low stage side outdoor heat
exchanger (60) flows into the second heat exchange section (42) of the cascade heat
exchanger (40). In the cascade heat exchanger (40), the refrigerant flowing through the
second heat exchange section (42) dissipates heat to refrigerant flowing through the first heat

exchange section (41) and is condensed.

[0176] The refrigerant condensed in the second heat exchange section (42) passes



t hrough the | ow stage side receiver (43) and then
through the third interunit pipeline (23) and is
diverged to the first cold storage circuit (3), to the
second cold storage circuit 504), and to the freeze
storage conpartnent circuit (5). The subsequent flow
througlotherlewrstapersadet recaiver(d3) o thermtheoughi the thint intayenitpipeline (23) and
circuit (9) is the sane as the cooling operation node
is divergbd ttheffirstsioldstorgde oaiit (3),ADVRNEAGHI X4 Elobdg€ THc i (A)Hmd to the
THI RD EMBODI MENT [0177] According to the refrigeration
freeze ﬁ@ﬁgé [bshpaftdient Geulths).t hl!‘HeC!suB QMBI of kdfRgdhfit in the low stage

i tioning heat exchanger is disposed only in

side reﬁ%‘é{am 91?% 95 tﬁ Clnd & th% '@tg _P%farn%g'nﬁod@%)f the?idt difodiment.

I nNg EXC angers are SpOSE
B e
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npl oy dlfferent types of refrigerants. Therefor
Condltl%le& hﬁ%taﬁxcma(ﬂééas qisposeq pplxdn ths high stage pids 5@“@&?@@ circuit (8)

refrigerant suited to its utilization tenperature and
and thpepplingrheatsexshengees (47geddbi 49) arsydisposed untehy thakewgtage side
it possible to facilitate tenperature control in each
refrigetapttir@nic(dpnagdn . the fitkt eéfpodimeatdi Thio theréforetthakeshi pabsible to allow
enbodi nent, the cascade heat exchanger (40) is

the air dofdicioeitg lﬂ@MEbﬁih (98) dddetht @bl Béat Sixelangetis(aP4, 47b, 49) to
heat exchanger As a result of such arrangenent,

employSSiPRFH? el Q)fcréﬁlg@ﬁn&er fT‘BEn'EF&e' &hch MRal OWhEARESs 8lléARed to use a
refrigerant circuit (9) coollng the refrigerant

respectg\%nééﬁﬁe?ﬂﬂ sﬂlt&h‘fb #t?thﬁEﬁﬂ)ﬁ i aﬁHé dpg ggﬁﬁﬁlté iSSP PG beration

erant 1n e cascC

cycle, r%gfﬂ%s 1t pgssﬁ)@ I}e?g&a eet?ﬁlf'pe}a u%% ?(Ié horl iI‘J:. & g%latdet(;(changer

[0178]2838 rth%aedét 3 effeci%lfg %1%1%[, | Sh I n‘ﬁﬁzﬁ\#g ntggr 4'(}) 1S cﬁsposed
exchangers, ( 47a 47b, 49 OTHER EMBCODI MENTS [ 0179] . In
downstreagy,of e IoMe Skese cifdsi AUIdanh bertnexrhangern®0) e result of such

invention may be arranged as follows. [0180] In the
arrangefasng PG oeling eare b periferered, inshe Jow tstage sislei rafjigspat sirpwin (9) by

of the refrigeration apparatus (19) in the event of
cooling the refirigerht térelehsed intthg)bove stdge siderputdssnheat 88hanger (60) with the

described. On the other hand, in the event of failure
refrigeraht inheheasside hesiosRehas2o(40) ) theisidel 6f o dsgibbtagd side refrigerant

circuit ;:Sa)fjseThissltherefore makes it possible to effectively accomplish improvements in the
cooling capacity of each of the cooling heat exchangers (47a, 47b, 49).

OTHER EMBODIMENTS

[0179] In regard to the foregoing embodiments, the present invention may be arranged
as follows.

[0180] In the foregoing first embodiment, only the running operation of the refrigeration

apparatus (19) in the event of failure of the low stage side compressor (39) is described. On

the other hand, in the event of failure of the booster compressor (50), it is possible to cause




refrigerant to be circulated in the | ow stage side
refrigerant circuit (9) by way of the third bypass
pi peline (69) just by placing only the | ow stage side
conpressor (39) (Figure 1) $n operation. In this
case, refrigerant can be circulated in each of the .
refrigefant tt bandcwatednnl throlow siego sidlgacfiigarant girbuih (Brky pay f the third
47b) and the freeze storage heat exchanger (49) and
bypass @igdlina q69¥ just b plelng aily the &ev gtage gidegmngressar (3MW r(Figure 1) in
is provided by each heat exchanger (47a, 47b, 49)

operatith.e dinathisochseV PR can [H218dduldted afldadhi @Mthet figt h@Wsecond cold
stage side outdoor fan (115) of the | ow stage side

X i .
sorss TR A fnd o At R oln o
enbodi ment : __however
the colg BEE PR HRA T E b G RoyptOE8 sk SRy ChR PhoBhedigha. 470, 49
d g%g exceeds a predeterm ned |level, the | ow stage side

used AS AR YBRYTAUCEN (115) nmy be operated in order that heat
di ssi pation may take place activel i/ ¥0182] )

[0181] Fyr t Heddifien. thélovnstage side yidase dan (147) pbthe low stage side outdoor
third enbodi ment, only the heating operation node in

heat exghanger (603 isplacedmdtheistoppad statsain g dhstiapeting gpgration mode of the
provi des heating just by making utilization of heat

secondr embadiment; i iowever, cabande ap@ine ot Heagabsdrdd) in she cooling heat
descri bed; however, when the heating capacity becones

exchang€ ¢RI, 48h, 49 exsrti®a pRaeRirhdvd LR tiaslotvhagestdzantdoor fan (115)
heating operati on node of the first enbodi nent may be

may beng)@fa@ém%rw theft %eaicgﬁgﬁhaﬂ fhay Tl laRf dctiggyant circuit
(8). On the other hand, when'the "heating capacity
beco Lnsuff iqci P | e I Q13 e
[0182] PECOFRherfnBRY fid it ﬁéHtmﬁ ErafiBlng 6%b%lr&neegﬁ)83fﬁ1r%1ﬂ’t only the

third heatind operatio e first

. e performed. in. the high. stage si rd n .
heating BHerslfopBig i Rt AR RpltioRlidfeet o Ghohty] AL bRRies heating
. been descri.bed_above, the .present jnvention fi . oo
just by FEFRA SRR of DGR TRPVERG Infe Ferceie DGt P GBRETUAR is deseribed:
apparatuses in which a high stage side refrigerant

howevez; when tthe, heating eApagityn EcOmesyexGeasiYs, JB 4AMe QPEralion mede as the
connected together through a cascade heat exchanger to

second fenting apegatianmmode afjthedirscerdbodinpnt gay ke ipstfouyed i the high stage
Clains: What is clained is:

side refrigerant circuit (8). On the other hand, when the heating capacity becomes

insufficient, the same operation mode as the third heating operation mode of the first
embodiment may be performed in the high stage side refrigerant circuit (8).

INDUSTRIAL APPLICABILITY

[0183] As has been described above, the present invention finds useful application in the
field of refrigeration apparatuses in which a high stage side refrigerant circuit and a low stage
side refrigerant circuit are connected together through a cascade heat exchanger to perform a

two-stage cascade refrigeration cycle.




1. Arefrigeration apparatus in which a high stage
side refrigerant circuit and a | ow stage side
refrigerant circuit are connected together through a
cascade heat exchanger to t&ereby perform a two-stage
cascade refrigeration cycle, the refrigeration

Claimsppar at us conprising an air conditioning heat
exchanger for selectively providing cooling or heating
of an indoor space and a cooling heat exchanger for
providing cooling of a storage conpartment, wherein

yVhathﬁuﬁkﬂlscondltlonlng heat exchanger is disposed only
in the hlgh st age S|de refrigerant circuit, and

Mgl 15, 3 s
side reiref il il afk SRREREY 30%63% %&Eﬁ b oot el bR e oty

exchanger for praoyvidin cold stora . . .
perforrg 8&&8?&%&@5%% refrigqrat Cgﬁt 6&%&%1%%0%9@% THREISINg an air
provi ding cooling of a freeze storage conpartnent, and
conditigpiag dieat exchanges fon sshestjuelyinrevidingi coeling|on §eating efgngindoor space
storage heat exchanger and a freeze storage circuit

and a donlibgibiéat gx¢tasgérferprevaiing epdingofin storagrasngmartareat, wherein the air
connected in parallel in the | ow stage side

conditiomihg ilgar etvhagder dslidisposdd obb in efer highrstdgeasideambrgartntscimhit, and
claim2, wherein the freeze storage circuit includes

whereif fhe @dlihg hédt ¥xERAPES 88posed onBORREERW §tipd dd fe@@fedi: circuit.
drawn fromthe freeze storage heat exchanger and
di scharging the conpressed refrigerant to the suction
side of a |low stage side conpressor disposed in the

2. Thb Q#F&EI%%S{I %gﬁﬁaﬁlgfo?' ?ﬁalg%w C%}rélﬁ Lﬂﬁ%coo‘i gmgt e)%cﬁgn%eé Vc\:/omprises a

era rern

cold stgiyBRfeet 5 %@F srdof o Rt Tk ot e BhLbake Sbdifaantapge frocee
sorsge i EIARRE 0 ﬁé”véé%?f%apﬁé?»? U oo BPHIYEH ot Hherein 2

apparatus of claim4, wherein the | ow stage side L.

cold stprage jcifahih pcluding dhe coldnderaardeat exshangsr Wgé‘sﬁe?ﬂep%?ﬁa&% circuit

for enabling the outlet side of the cold storage heat
includiex thrafrgene siordge heatsuxchingar giedepnpectedhén parallel ar the low stage side

conpressor to fluidly communicate with each other. 6.
refrigerdheciropitr i ger ati on apparatus of claimb5, wherein a

pressure control mechanismfor controlling the

evaporating pressure of refrigerant in the cold

storage heat exchanger is

3. The refrigeration apparatus of claim 2, wherein the freeze storage circuit includes an
auxiliary compressor for compressing refrigerant drawn from the freeze storage heat

exchanger and discharging the compressed refrigerant to the suction side of a low stage side

compressor disposed in the low stage side refrigerant circuit.

4. The refrigeration apparatus of claim 3, wherein the low stage side refrigerant circuit
includes a first bypass pipeline for enabling the suction and discharge sides of the low stage

side compressor to fluidly communicate with each other.



di sposed between a downstream end of the cold storage
heat exchanger and a downstream end of the second
bypass pipeline. 7. The refrigeration apparatus of any
one of clains 3-6, wherein pBe | ow stage side
refrigerant circuit includes a third bypass pipeline
for enabling the suction and di scharge sides of the
auxi liary heat exchanger to fluidly conmunicate with
5. Theaekrigerdtion apgparalie of efaimokrwahérein thpdewastage side anfrigeramt circuit
of clainms 1-7, wherein a | ow stage side outdoor heat

includédx g hReEHRr bhﬂi’ss Shipcdink URE | enabliAthedbtidt Psidd @f thé @Bld storage heat
refrlgerant to outdoor air is connected in series

exchan Itﬁhcf 186 sGaRMAG% HEBL aﬁ%xﬁ présdof RE1iAY huBREhiSité %mh each
efrigerant circuit, refrlgeratlon appar at us of

claim8, wherein the cascade heat exchanger is

di sposed downstream of the | ow stage side outdoor

heat exchanger in the | ow stage side refrigerant

circuit. -

other.

6. The refrigeration apparatus of claim 5, wherein a pressure control mechanism for
controlling the evaporating pressure of refrigerant in the cold storage heat exchanger is
disposed between a downstream end of the cold storage heat exchanger and a downstream end

of the second bypass pipeline.

7. The refrigeration apparatus of any one of claims 3-6, wherein the low stage side
refrigerant circuit includes a third bypass pipeline for enabling the suction and discharge sides

of the auxiliary heat exchanger to fluidly communicate with each other.

8. The refrigeration apparatus of any one of claims 1-7, wherein a low stage side outdoor
heat exchanger for effectuating heat dissipation from refrigerant to outdoor air is connected in

series with the cascade heat exchanger in the low stage side refrigerant circuit.

9. The refrigeration apparatus of claim 8, wherein the cascade heat exchanger is disposed
downstream of the low stage side outdoor heat exchanger in the low stage side refrigerant

circuit.



