DESCRI PTI ON REFRI GERATI ON SYSTEM

TECHNICAL FIELD 5 The present inventjon relates to a refrigeration
system enploying a primary refrigerant circuit and a secondary
refrigerant circuit for the purpodse of transferring heat bet ween t he

primary and secondary refrigerant CipgBGREPTION This invention
particularly pertains to a refrigeration 10 systemhaving a plurality of

heat exchangers on 't he side REFPREGERASTONISYRPEM €At 1S utilized.

BACKGROUND ART Various refrigeration systens have been known. One
such 15 exanple of a refrigeration systemis disclosed in Japanese
Pat ent Application Kokai (not exam ned) Gazette No. 5-5567. The
apparatus shown in the 5-5567 patentlﬂiéﬂfes a binary ‘refrigeration

cycle and includes a primary refrigeraht FIELD cuit " through which a
primary refrigerant. passes and a 20 secondary refrigerant circuit through
whi ch aS5secondéhs presentfinpyenthenpreiatesThe axtpindoegasionesysiiemween

t he primary refrigerant and the secondary refrigerant takes pl ace
in a refri ganpdidyirenta epacimanerrefSritdpepantf cigeuhbt and a beabndatipanger i s
cal l ed a cascade heat exchanger. 25 Some of refrigeration systens of

t he a_bove- %ﬁ:ﬂd@fbﬂﬁ/ Reircuit 6F6Y Ovh&phipbse S6£00Lah¥FELT hgehaRt
circuits with respect
between the primary and secondary refrigerant circuits.
This invention particularly pertains to a refrigeration

10 system having a plufality of heat exchangers on the side

where refrigerant heat is utilized.

BACKGROUND ART
Various refrigeration systems have been known. One such

15 example of a refrigeration system is disclosed in Japanese
Patent Application Kokai (not examined) Gazette No. 5-5567.
The apparatus shown in the 5-5567 patent utilizes a binary
refrigeration cycle and includes a primary refrigerant
circuit through which a primary refrigerant passes and a

20 secondary refrigerant circuit through which a secondary
refrigerant passes. The exchanging of heat between the
priméry reffigerant and the secondary refrigerant takes
place in a refrigerant heat exchanger. Such a refrigerant
heat exchanger is called a cascade heat exchanger.

25 Some of refrigeration systems of the above-described type

employ multiple secondary refrigerant circuits with respect



2 . to one primary refrigerant circuit with a view to providing a
great deal of flexibility. This sole primary refrigerant circuit is

shrared as a source of heat anmong nultiple heat exchangers di sposed on
the side where refrigerant heat'is 5 utilized. Such a conventiona

refrigerat itan oaes tpaminey Qyesfrdigerantst circuit whbhr asvihgwatpl praiviiingf
cooling units di sposed on the indoor side. Each cooling unit is

provi ded Wig lyrdint deal 'WE VELbRl vFELOPIAr ¥ni8f 55U BPIMALYC veltrideFapither
words, 10 the primary refrigerant circuit includes liquid and gas fl ow

| i nes whi C*&ni St %@%Pﬁ% GA%“Q. éégjﬁg{:%ugfdhgéﬁ %JSBngﬁuﬁg‘%?Ps}g ealtnes.

These branc I nes "are qgui oin cooli n each

cooling unit, heat is exchanged bejween rimary_and_secondary .

refri ger anCXTHRMYRFS e‘ﬁ‘?’%%ﬁ%ﬁtoﬁe{é e ﬁ%dgx@ﬁgﬁﬁeF9¥rlgeran%Eg‘&? of*% he
cooling units is arranged in series with the liquid flow line of the
pri mary3r eftiigerz@f- circuit. As a result of such arrangenent, the
primary refrigerant passes t hrough the cooling units in sequence. In
each of the 28uchonlconventionad nefrigerhiigo systemplempddyst Wween prinary
and secondary refrigerants. PROBLEMS THAT THE | NVENTI ON

| NTENDS TOs¥hiéture comprisinmgvanplapalitef ofgeveliing spitendispaced
cooling unit is required to contain an individual refrigerant heat 25

exchanger wine SindbSr PE148L Y E&ERI 8868MhgCuhtYi isl provided it am a
source of heat anmong nultiple heat "exchangers
individual secondary refrigerant circuit. In other words,
10 the primary refrigerant circuit includes liquid and gas flow
lines which are branched out into liquid and gas flow branch
lines. These branch lines are guided to individual cooling
units. In each cooling unit, heat is exchanged between
primary and secondafy refrigerants in the refrigerant heat
15 exchanger.
Each of the cooling units is arranged in series with the
ligquid flow line of the primary refrigerant circuit. As a
result of such arrangement, the primary refrigerant passes
through the cooling units in sequence. In each of the
20 cooling units, a heat exchange takes place between primary
and secondary refrigerants.
PROBLEMS THAT THE INVENTION INTENDS TO SOLVE
In conventional refrigeration systems, each cooling unit
is required to contain an individual refrigerant heat

25 exchanger when a single primary refrigerant circuit is

shared as a source of heat among multiple heat exchangers



3 , disposed on the side where refrigeration is utilized. This
results in the requirenent that the same funber of refrigerant heat
exchangers as the nunber of secondary refrigerant circuits be

pr epar ed. 5 In addition to the above, each cooling unit is required
to indivi déldpoded|ditletiie S€LQ8 hdre Cre€fLilgeehti 8Ar 3Bt utilizeld . CuUithigpde
up of a conpressor, a condenser, an expansion val ve, and a vapori zer.

This resul e ddy @ SPHEEE fé%ﬁffémentafﬁggfkﬁérééhgnnﬁﬁhggr5%9 an increased

complexity. 10 Such a coOnvention refrigeration systemis only

Toop of t e oAt i dhy ‘Cobiatitrs ¥, Blachupher" o Bppongeryi o™

foregoing refrigeration systemis applied to frozen display cases, the
frozen di sfi Lretbreitache BEeRATRAt heir respective cooling units
and are coupled to a sol e outdoor unit. This neans that each frozen

di spl ayScase In ad@jtienstentherabpyveenesrhacpeflingeumitt Heatresrolreder
and a secondary cl osed refrigerant circuit. Di spl ay cases are
gener al | y dasisdiweiiual byt imclide cat sgooh@arynaskbgedareffirageratitspl ay
cases each cont ai ni ng therein an individual freeze | oop and (b)

refrigeratefircuit Gh&dé AYp COEEE EaRPrESS8LRI, NaN8ohABhS8ER , 0BNY ekpa®dlion
exchanger (vaporlzerg of a unary refrigeration cycle.

convent i ondla Rl ! IR 4 | PApo¥FEERT CRAliLI PdsaReL! SA! bANSptidel Ragdatd rozen

di spl ay cases conpleted wth freeze [ oops. : I's produces the problem

that Conve@An%ufféi&ge&%}fgging an increased compiexity.

10 Such a conventional.refrigeration system is only
applicable to refrigerator units each having an individual,
closed loop of the above-described type. For instance, in
the case the foregoing refrigeration system is applied to
frozen display cases, the frozen display cases are provided

15 with their respective cooling units and are coupled to a
sole outdoor unit. This means that each frozen display case
requires the provision'of a refrigerant heat exchanger and a
secondary closed refrigerant circuit.

Display cases are generally classified into two

20 categories, namely (a) frozen display cases each containing
therein an individual freeze loop and (b) refrigerated
dispiay cases each contaiﬁing therein only a heat exchanger
(vaporizer) of a unary refrigeration cycle.

Conventional refrigeration systems can find applications

25 in only frozen display cases completed with freeze loops.

This produces the problem that conventional refrigeration



4 , Systens are inapplicable to cases where nultiple display cases
requiring different cooling tenperatures are enpl oyed. In view of

t te above-described problenms with the prior art techni ques, the
present invention was made. Accordingly, 5 an object of the present

I nventi on isystens aracimapplibtable tboecaseguwhezpaimhdtdpler diisgilay
sinplified circuit structures to refrigeration systens each contai ni ng

a single prddgdsy rek;uiffﬁ%l&ﬁfﬁ@feﬁtréddblihbatem’@ei%%h%sa&r% %ﬁ@'l@:@re@f
heat anong . multiple heat exchangers di sposed on the side where

refrigerant hept ¢fewtbti ¢R8 2B0valadkbeibia bE8viefs with @f%‘?é%% to be

used in various appl I catl on nmanners

THE | NVENTI t he resent i nwentiqn, .
THE | NVENTLQN ool 2685 PRSEp UL SobIRAEER Gy ! cuﬁg@m&n@fwr
cooling_units. 1N addltlon a closed, | oop i s conpose t he
refri gePanta’hé?aHJ"e‘f&l‘%g@i‘e aﬂﬁe%eﬂ'éa%ngﬁgﬁ&ﬁﬁeisd|t§’p8§8i‘fide a gevede side
where refrigeration (produced by the refrigeration systen) is
utilized. techniquecCapabbetof peevidingr simpddfiefl cdrcydity sfguctares
(shown in FIGS. 3 and 6) for solving the foregoing problens associ at ed
with the priorrefrigecationecsysfiénesfeash eohtadnping a sdagleoprtimany esent
invention is directed to a refrigeration systemconprising a prinmary
refrigerantrefigetdti ¢itd@it th&aeco8dshireal hisgar aduree’ oF hea20hmonyd a
multiple heat exchangers disposed on the side where
10 refrigerant heat is utilized and of allowing the heat

exchangers to be used in various application manners.

DISCLOSURE OF THE INVENTION
In accordance with the present invention, a refrigerant

15 heat exchanger is disposed in oniy a particular one of
cooling units. In addition, a closed loop is composed of
the refrigerant heat exchanger and a heat exchanger disposed
on the side where refrigeration (produced by the
refrigeration system) is utilized.

20 The present invention provides a first solving means
(shown in FIGS. 3 and 6) for solving the foregoing problems
associated with the prior art tecpniques. The firét solving
means of the present invention is directed to a
refrigeration system comprising a primary refrigerant

25 circuit (10), a secondary refrigerant circuit (20), and a

refrigerant heat exchanger (5) for the exchanging of heat



refrigerant heat exchanger (5) for the exchanging of heat

5 _between refrigerant which circul agses through the prinary
refrigerant circuit (10) and refrigerant which circul ates t hrough t he
secondary refrigerant circuit (20), for the pur pose of transferring
heat bet weerbeatween i refyigefantevhhch circuilatest throughndheherdsasydar y
refrigerant circuit (20). The first solving neans of the present

i nvention isefrigexdwt aciecuied(10)taad tefrtiberaatomtidich cdfrcujertas
circuit (20) includes heat exchangers (11b, 3a) disposed on the side

where refrigersangn hegd éécHﬁ&&f%eﬁeﬁﬂﬂgéEBhtg%&%&hithzw)rC%b&tQ%eDEtmee“
each of the heat exchangers ( he refrlgerant heat

exchanger ( g I

exchanger ( égr%ééa *P €§§£f8§EERQ ﬁéaF P§§$% &ﬁ% F&qﬁ rﬁié#ggigﬁﬁngers
(3a) is connect t refri erant heat excha 5), by, frigerant
lines (BL- © ‘%ftC£1%\ %&éeﬁﬂ?nﬁe? BARFK TG FFQFfQP SIS, Q?43ne first
sol vi ng neans of the present invention, heat I s exchanged between the
primary refri gEranfisstt RElyingaipans of; dhe presentciingentiom)isnd t he
secondary refrigerant of the secondary refrigerant circuit (20) in the
r ef ri ger antch@fadiearizedhingthats5) adotheegecondagyumelf rigerante folinmridnt
circul ates between the heat exchanger (11b) and the refrigerant heat

exchanger (620poimichidebi hbatr exbhaagersn (11b, By diisposad) .orAttheesistare
time, refrigerant circul ates bet ween the ot her heat exchanger (3a) and

Etﬁ ;?frlgaﬁﬁgie PeEPEgbrartNRBALr 165htRY 1% @hd hefralgdr@gitant |ines
10 circulates between each of the heat exchangers (11b, 3c¢) and
the refrigerant heat exchanger (5), (b) the heat exchanger
(11b) and the refrigerant heat exchanger (5) are placed in a
unit (2a), and (c) the heat exchangers (3c) is cpnnected to
the refrigerant heat exchanger (5) by refrigerant lines (LL-
15 A, GL-A) extending from the unit (2a).

In the first solving means of the present invention, heat
is exchanged between the primary refrigerant of the primary
refrigerant circuit (10) and the secondary refrigetant of
the secondary refrigerant circuit (20) in the refrigerant

20 heat exchanger (5) mounted in the unit (2a). Refrigerant
circulates between the heat exchanger (11b) and the
refrigerant heat exchanger (5) both of which are housed in
the unit (2a). At the same time, refrigerant ci;culates

between the other heat exchanger (3c¢) and the refrigerant

25 heat exchanger (5) by way of the refrigerant lines (LL-A,



6 - GL-A). The heat exchangers (11b, 3c) performtheir respective

cool i ng operati ons. The heat exchgmnger (3c), which is | ocated
exXterior to the unit. (2a), uses the refrigerant heat exchanger (5) as
a 5 source of heat. The refrigerant heat exchanger (5) is di sposed
in the uni GL-2d).. The heatThexphangersi hithii 3a)ppevEdem Fhedrond sol vi ng
nmeans (shown in FIG 3) for solving the foregoi ng problens

associ at ed pedgedtisrgrecsl g dpehatiors. The second 10 solving neans
of the present invention is directed to a refrigeration system
conprising a pEHdBidat eéﬁbﬂ&ﬁé&i- (3c), Clvh&Eh! 1 sl%ca%%aomew&f rﬁcgea?élt
circuits (11 ), and r ef rlgerant heat exchanger for the

12 a

exchanglng (?E t n % c é& t hrough t he
primry ‘ref %ﬁﬂéﬁﬁ£%i¥@§|¥éf %#QE%@P #ggfghﬁﬁ 8%8IEEU%étES
t hr ough each of th econdary. refrjgerant cu'ts F:), for the
pur pose®of PG iﬁﬁaﬂe ¥ %tﬁ%tﬁlgﬁﬁ Bf'ﬁﬁ PgP i d8ad® circuit
(10) and each of the secondar ‘refrigerant circuits (11, 12). 20
The secondQ%ﬂﬂﬂﬁﬂFrﬁﬁuﬁh%fuPhﬁ b2a¥ent invention is characterized in
that: (a) a plurality of the secondary refrigerant circuits (11) are
provi ded, a plThelpxegsentt inventiosepuonstidesr af segendnisodiviglg meqns?) are
provi ded, the secondary refrigerant circuits (11) include individual
heat 25 ex@mowgerin (Hid) 3) sposedodvihfetRed€onkgbinyepirodpdemst heat

associated with the prior art techniques. The second

10 solving means of the present invention is directed to a
refrigeration system comprising a primary refrigerant
circuit (10), secondary refrigerant circuits (11, 12), and a
refrigerant heat exchanger (5) for the exchanging of heat
between refrigerant which circulates through the primary

15 refrigerant circuit (10) and refrigerant which circulates
through each of -the secondary refrigerant circuits (11, 12),
for the purpose of transferring heat between the primary
refrigerant circuit (10) and each of the secondary
refrigerant circuits (11, 12).

20 The second solving means of the present invention is
characterized in that: (a) a plurality of the secondary
refrigerant circuits (1l1l) are provided, a plurality of the
secondary refrigerant circuits (12) are provided, the
secondary refrigerant circuits (11) include individual heat

25 exchangers (11b) disposed on the side where refrigerant heat

is utilized, the secondary refrigerant circuits (12) include



is utilized, the secondary refrigerant circuits (12) include

7 I ncl ude i ndividual heat exchangers (3c) disposed on the side

where refrigeration heat is utilized, refrigerant circul ates bet ween
each of the heat exchangers (11b) and the refrigerant heat exchanger
(5), and r dndlgdieprindividnalt deat exchangens cb3¢) oflishespdapnekbrasdgdes
(3a) and the refrigerant heat exchanger (5), (b) a particul ar one of

t he secondahere refrigergetivod ledtuis sutiljzedd téfrigérager eikrchtates
exchanger . (5) are placed in a main unit (2a), and (c) each of the heat

exchanger s delleeii ddtth SPE KA Ned €f dXARARGErS| [ £¥bY Sahd2khelO is placed in
a subunit- (3a) and is connected to the refrigerant heat exchanger (5)

by refri96%@%1%'é¥§hélﬁéé%(Fxcna6§§f0(§¥te&ﬂ&09e££98%£gﬁt”839cgﬁé}e 2a) .

The present T.nvention provides a third sofving neans”(see ) for
sol ving.foreqain prqﬁie ssqciated with the %5 rior.art techni gues.
The. thipa SHNaRD farh OF B8 Hedk ‘Grehangers, (30) Anf the, seFEsesant
refrigeration system conprising a primary refrigerant circuit (10), a
secondary heat gxchapgemnt(3) ¢ cihl qmyTtigalar enei §Er fhe sesPn8RENanger
(5) for the exchanging of heat between refrigerant which 20 circulates
t hrough t hegfinigenantefeixeuibs Cliruand(tle mefrigerantf hegér exchangelr
circul ates through the secondary refrigerant circuit (11), for the
pur pose of (F)arsferplaced in damaibeanéen(2aE, pandualg)r ebchgefathec hearti t
(10) and the secondary refrigerant circuit (11). 25 The third
sol vi ng neapecHdndd¥s PRSENGf | tENéé&Pnddry refrigerant circuits (12)
10 is placed in a subunit (3a) and is connected to the
refrigerant heat exchanger (5) by refrigerant lines (LL-A,
GL-A) extending from the main unit (2a).
The present invention provides a third solving means (see
FIG. 6) for solving foregoing problems associated with the
15 prior art techniques. The third solving means of the
present invention is directed to a refrigeration system
comprising a primary refrigerant circuit (10), a secondary
refrigerant circuit (11), and a refrigerant heat exchanger
(5) for the exchanging of heat between refrigerant which
20 circulates through the primary refrigerant circuit (10) and
refrigerant which circulates through the secondary
refrigerant circuit (11), for the purpose of transferring
heat between the primary refrigerant circuit (10) and the
secondary refrigerant circuit (11).

25 The third solving means of the present invention is

characterized in that (a) the secondary refrigerant circuit



characterized in that (a) the secondary refrigerant circuit

8 (20) includes heat exchangers (11, 3c) disposed on the side

where refrigerant heat is utilized and connected in parall el wi th each
ot her and refrigerant circul ates between each of t he heat exchangers
(11b, 3c) dP X Haglafdesydreat éxchangersxChibgedo)Siiispbsethenhshe side
exchanger (11b) and the refrigerant heat exchanger (5) are placed in a

main unit wherd 3REridferde) Rt hbatuekrhregeand3edbnhecpbacefl paraigehunit
(3a) and is connected to the refrigerant heat exchanger (5)

y
refriger antyilinesdd-lotheadd afégf%ﬁﬂgg reﬁéafaeagan%QeeHnleachk-

In accordance with the second | ving neans o he present

i nventi on, t&-{é %ﬁe sul:n E%)Bgﬂgr pﬁgy gﬁ&tﬁﬁé refﬁ &Q?ﬁe@f fl?g%r ant heat

exchanger ( U rerrigerant
heat exchanger, of n un | t serv ce of heat for
t he heag ef%ﬁﬁﬁ%ﬁ%%F (é ((%i)t e?ﬁe?%%%%ﬂgﬁFogi&ﬁigaag “Rflified
structure for t he subunit (3a) The present invention provides

a fourth sdrefirigerans heat %%@@arm@s (5) apve1p)aced 48| @i Mgirhanidr egoi ng
problens 20 associated with the prior art techniques. The fourth

sol ving nedrgalf amk (ks heaknexcimangedi (3c)edist placed inr ef siubhanditi on
system conprising a primary refrigerant circuit (10), a secondary
refrigerant(3ay and islYonmected to tnefregeigétaheaheaxcb&&gangei) (59r the

exchangi ng of heat
- by refrigerant lines (LL-A, GL-A) extending from the main
10 unit (2a).

In accordance with the second and third solving means of
the present invention, there is no need for the provision of
the refrigerant heat exchanger (5) in the subunit (3a). In
other words, the refrigerant heat exchanger (5) of the main

15 unit (2a) serves as a source of heat for the heat excﬁangers
- (11b, 3c¢), therefore providing a simplified structure for
the subunit (3a).

The present invention provides a fourth solving means
(see FIGS. 9 and 10) for solving the foregoing problems

20 associated with the prior art techniques. The fourth
solving means of the present invention is directed to a
refrigeration system comprising a primary refrigerant
circuit (10), a secondary refrigerant circuit (12), and a
refrigerant heat exchanger (5) fof the exchanging of heat

25 Dbetween refrigerant which circulates through the primary

refrigerant circuit (10) and refrigerant which circulates



25 between refrigerant which circul ates through the primary

refrigerant circuit (10) and.refrigerant shich circul ates

9- t hrough the secondary refrigerant circuit (12), for the

pur pose of transferring heat between the primary refrigerant circuit
(10) and t Farongindhe sedondarnrretrigerant 10jreuit (12) ThEorotheh sol vi ng
nmeans of the present inventionis 5 characterized in that (a) the primary
refrigerantpuidposd tof transfBrring eat abétweénhthé pxihargereftribprahitch

i s disposed . on the side where refrigerant heat is utilized and which
'S CORAFAT | (LPArand tne éé‘céﬂ&afgf réfpigetahtabigxahangen) . (5),
(b) the secondary refrigerant circuit (1 includes a 10 second heat

exchanger (3c)ppbl £l U5P9R5] AlahB°oP! fie preshliE InkBHEIOR Ay heat is

utilized andsre rigeran € "sECond Neat exchanger

Crehangar - Sheractaldad Sttt ] ixﬁﬂ?”ﬁgi{w‘iﬁicﬁéﬁéa%2%§rtarz wBidted in a

15 unit (Z%QHtand (%%¥%he second heat exchanger i & connected to
the refrigdr stsheay excha?@??.@ ik tWPr’LﬁBsiELElﬁPO@EdA)
extending fromthe unit (2a) In accordance with the fourth sol ving
means of tiom the sidsorhereveefrbgerant heattiseutidighdngsd whilkh fisrns a
20 part of the primary refrigerant circuit (10). In other words, while
the first heainedtddngerpdddblel swithdthe efrigeranti peast eaghahigerzati on
si de heat exchanger in a unary refrigeration cycle, the unit (2a),

whi ch cont gigys, t(ey aile second&ryi Féfrigatafxchapeait(iib), incaaaerdat es
t he refrlgerant

10 second heat exchanger (3c) which is disposed on the side

where refrigerant heat is utilized and refrigerant
circulates between the second heat exchanger (3c¢) and the
refrigerant heat exchanger (5), (¢) the first heat exchanger
(11b) and the refrigerant heat exchanger (5) are placed in a

15 unit (2a), and (d) the second heat exchanger (3c¢) is
connected to the refrigerant heat exchanger (5) by
refrigerant lines (LL-A, GL-A) extending from the unit (2a).

In accordance with the fourth solving means of the

present invention, the first heat exchanger (11b) forms a

20 part of the primary refrigerant circuit (10). In other
words, while the first heat exchanger (11lb) is_used aé a
refrigeration utilization side heat exchanger in a unary
refrigeration cycle, the unit (2a), which contains therein
the first heat exchanger (1llb), accommodates the refrigerant

25 heat exchanger (5). The refrigerant heat exchangef (5) acts

as a source of heat for the second heat exchanger (3c).



25 heat exchanger (5). The refrigerant heat exchanger (5) acts as a
source of heat for the second heat exchah@er (3c). '

10 The present invention provides a fifth solving neans (see

FIG 9) for solving the foregoing problens associated with the prior
art techni quesherirasent nyentioreprevidesd fifthypalying; REEAE: éﬁeF"s
directed to a refrigeration system 5 conprising a primary refrigerant
circuit (1ELG.aNedondwmolving thef rforegoingiprehleng 2assanilatedewikher ant
heat exchanger (5) for the exchanging of heat between refrigerant

whi ch thie pHidireadthragihidited) | MHiy £Efth ge6Bvingi meank 6£Orhand
refrigerant which circulates through the secondary 10 refrigerant circuit

(12), for yi%d@ﬁnoq%ﬁréa{tfdﬁrﬁ &it+déted to F@afeﬁsigfsﬁatibﬁ By ¥BHY
refrigeran ircuit (10 and secondary refrigerant circuit (12).

The f'fs;h SO ﬂirﬁ‘-ﬁgh 52zl I%gﬂgnéi,g%é ?&dgaagagbﬁaa din

that (a) the primary refriger I'rst heat

TS a1 e sk dinany (@Rl an®ln' £r Sl 9SFAF RebfcorBRpRgbran:

heat exchanger (5), (b) the secondary refrigerant circuit glzg
i ncl udes a (5) farpdhey angdng Rerheat ) bokvesn | sefrigezantoNis® side
20 where refrigerant heat is utilized and refrigerant circul ates
bet ween t heigmugmtasdiheoudinnthe pobhanydrefivigeranteeirguisind 18daand
exchanger (5), (c) the first heat exchanger (11b) and the refrigerant
heat exchang®rilderaite vibaedcircwlates through the secondary
10 refrigerant circuit (12), for the purpose of transferring
heat between the primary refrigerant circuit (10) and the
secondary refrigerant circuit (12).
The fifth solving means of the present invention is
characterized in that (a) the primary refrigerant circuit
15 (10) includes a first heat exchanger (1l1lb) which is disposed
on the side where refrigerant heat is utilized and which is
connected in parallel with the refrigerant heat exchanger
(5), (b) the secondary refrigerant circuit (12) includes a
second heat exchanger (3c) which is disposed on the side
20 where refrigerant heat is utilized and refrigerant
circulates between the second heat exchanger (3c) and the
refrigerant heat exchanger (5), (c) the first heat exchanger
(11b) and the refrigerant heat exchanger (5) are placed in a

unit (2a), and (d) the second heat exchanger (3c) is placed

25 in a subunit (3a) and is connected to the refrigerant heat



unit (2a), and (d) the second heat exchanger (3c) is placed 25 in a
subunit (3a) and is connected to the refiilgerant heat

exchanger (5) by refrigerant lines (LL-A, G.-A) extending fromthe
mai n unit %1 The present invention provides.a_sixth sqlving

means (seeexc angey () q¥wr%§ﬂ¥H?EF4%e1¥%?%gEPH§Aprﬁbréise§§§BaF39ed with
5 the prior art techniques. The sixth solving neans of the pr esent

i nventi on ifgram rtdwy aepiro unief(2akr ati on system conprising a prinary
refrigerant circuit (10), a secondary refrigerant circuit (11), and a
refrigerant hepie epedeagerinventidn poovilesescbanghngodlinepmeaniswdsee
refrigerant which 10 <circulates through the primary refrigerant circuit

(10) and pig.teafg) Mo Wi d e CEbPE§61ihET pLEb1ERNE asgobdatrd with
refrigerant circuit (11), for the purpose of transferring heat between

the pr'gar%¥k§E%§¥¥fﬁg%f%ééﬂvﬁgéég) apfle { 982 th so%@ﬁﬁgdﬁﬁﬁnEeBE'Qﬁkant

circuit (1 e Si Xi Vi ng neans of esent invention is

characterized in that e, friger circuit

el des o gD cERvaRiem L8 diERgred Ea’R ra{fgbsegatmn TR oi de
where refrigerant heat is utilized and which is nnected in paralle
with the r&OmMBfetsig R RTHRMERFTigerant) °1Fﬁ)’1Fhé19écoﬁd§P§‘°PgPWger ant
circuit (11) includes a plurality of heat exchangers (3c) which are

di sposed orrefirigerantcirowmtt e( 1k} ¢ i godant raénigeranti headd exehapgedh are
connected in parallel with one another and wherein refrigerant

ci rcul at es (5X viian e hesothamging adf ehedtingetween refrigerant which

10 circulates through the primary refrigerant circuit (10) and
refrigerant which circulates through the secondary
refrigerant circuit (11), for the purpose of transferring
heat between the primary refrigerant circuit (10) and the
secondary refrigerant circuit (11).

15 The sixth solving means of the present invention is

' characterized in that (a) the primary refrigerant_circuit

. {(10) includes a first heat'exchanger (11b) which is disposed
on the side where refrigerant heat is utilized and which is
connected in parallel with the refrigerant heat exchanger

20 (5). (b) the secondary refrigerant circuit (11) includes a
plurality of heat exchangers (3c¢) which are disposed on the
side where refrigerant heat is utilized and which are
connected in parallel with one another and wherein
refrigerant circulates between each of the heat exchangers

25 (3c) and the refrigerant heat exchanger (5), (c) the first_

heat exchanger (11b) and the refrigerant heat exchanger (5)



25 (3c) and the refrigerant heat exchanger (5), (c) the first heat

exchanger (11b) and the refrigerant heat 1@xchanger (5)

12 are placed in a main unit (2a), and (d) each of the second

heat exchangers (3c) is placed in an individual subunit (3a) and is

connect ed tBFe RLaasd jigeramabeaenthchaayerapd) (@) each péEr thgesgeond nes
(LL-A, G.-A) extending fromthe main unit 5 (2a). In the fifth

and si xth seat rexctemgerd (3e) ptespbaced ini anehhddwidubhdr subsndd r(3a)d f or

t he provision of the refrigerant heat exchanger (5) in the subunit '

(3a), whil &nd is idthrddtdd heat tRgCharPegetdal) hbatuskenangar’ 6N ®gration
10 wutilization side heat exchanger in a unary refrigeration cycle. In

ot her word ' {a€ apge : t 4R UL 2a)
acts as o SSHCDGRLIIRS (REIATERIRY hxtRaaing hom ThePodst it
The pre enaé#ﬂyention provi des a seventh solving neans 15 (according to
ei ther One ‘he foregoing second and fifth sol vi ng neans) for

sol ving the foregoing ﬁéoblens associ at ed with the prior art

t echni ques. ThE? sER@ntHEER| IndgsiElhs seiving megpspodsdhe PFesanton is

characterized in that (a) the subunit (3a) contains therein a

secondary daysntikon. (Bigre 19 nopheeldeforcthdapyovisponsofr theb) has a

di scharge side which is connected to a gas side of the refrigerant

heat exchangsirigerants)hedt cexybhanges (5)eifCGthé) subnditc) 3alle Mhdfle

exchanger (3c) of the subunit (3a) has a liquid side which is
the first heat exchanger (1llb) is used as a refrigeration

10 utilization side heat exchanger in a unary refrigeration
cycle. In other words, the refrigerant heat exchanger (5)
of the main unit (2a) acts as a source of heat for the
second heat exchangers (3c).

The present invention provides a seventh solving means

15 (according to either one of the foregoing second and fifth
solving means) for solving the foregoing problems associated
with the prior art techniques. The seventh solving means of
the present invention is characterized in that (a) the
subunit (3a) contains therein a secondary compressor (3b),

20 {b) the secondary compressor (3b) has a discharge side which
is connected to a gas side of the refrigerant heat exchanger
(5) through a gas line (GL-A), and (c) the heat exchanger
{3c) of the subunit (3a) has a liquid side which is
connected to a liquid side of the refrigerant heat exchanger

25 (5) through a decompression mechanism (EV-2) and through a

liguid line (LL-A).



connected to a liquid side of the refrigerant heat exchanger 25 (5)

t hrough a deconpressi on nechani sm (EV-2) 1and through a liquid line
(LL-A). 13 I n accordance

w th the seventh solving neans of the resent invention, a refrigerant
di schar ged frdf 3fcordanee whtfar the ospyenthr spbying meanenes the
refrigerant heat exchanger (5) through the gas line (G.-A), exchanges
heat 5 w pregzendf dingrardnion n 4 heefrigergnt ediscrarged cfromi thel0),

and becones condensed. Thereafter, the condensed refrigerant is

deconpr essg@dondadlyy GOMPAE SIS O{BHECAROWS "into théEVrefragérantvhpati zed in
t he heat exchanger (3c) for given cooling operations. 10 The

present in@%@ﬂdﬂbd%“%ﬂfk%hfﬁhéﬂEﬁﬁéd§&$Vifﬂe”P@ﬂSA?,_ex&ﬁ&ﬁ@égiHGaEO _
either one ofc thé foregoing third and sixth sol ving neans) for solving

t he forgg'om%praol}leg%ﬁisé}ﬁt £he s%ﬁ%iaﬁfa gfpiélglga@%tc&gfgﬁgl_!thzap The

ei ght h Sol ving means e pre ntron~rs aractert z N t hat
(a) the 15 secondary refrigerant circuit _(11) of the in ynit (2a) is
formed by SofLORCORET SRsheRAor TheEeartisFy thaprondepsed 3y 4
deconpressi on mechani sm (EV-1), the heat exchanger 11b), and the
refrigeranFQﬁﬁﬂgﬁﬁéﬂﬁﬂﬁﬁHd%QBmEﬁﬁF%%9 ipcthe deqempresshangBechaBiswH t he
subunit (3a) has a liquid side 20 which is connected to a liquid side of
the refri gdEt2)hamd is vapehbredrigSthéyheatiegchanger (Bt)Afozngiviea
heat exchanger (3c) has a gas side which is connected to a suction

si de of codllithgs ekt Yore®NpPr essor (3b) by a gas line (G.-A).

10 The present invention provides an eighth solving means
(according to either one of the foregoing third and sixth
solving means) for solving the foregoing problems associated
with the prior art techniques. The eighth solving means of
the present invention is characterized in that (a) the

15 secondary refrigerant circuit (11) of the main unit (2a) is
formed by sequential connection of a secondary compressor
(3b), a decompression mechanism (EV-1), the heat exchanger
(11b), and the refrigerant heat exchanger (5) and (b) the
heat exchanger (3c) of the subunit (3a) has a liquid side

20 which is connected to a liquid side of the refrigerant heat
exchanger (5) by a liquid line (LL-A) and the heat exchanger
(3c) has a gas side which is connected to a suction side of
the secondary compressor (3b) by a gas line (GL-A).

In accordance with the eighth solving means of the

25 present invention, a refrigerant discharged from the

secondary compressor (3c¢) becomes condensed in the



In accordance with the eighth solving nmeans of the 25 present invention, a

refrigerant discharged fromthe secaadary conpressor (3c) becones
condensed in the 14

refrigerant heat exchanger (5), wherein a part of the condensed

refri ger antre&riggrant dgeath @ﬁ@hﬂﬁgﬁrekéhangbereln a( papt of tthe nain unit
(2a) and the other condensed refrigerant is passed to the heat
exchanger (Gmdedriséderefirbgénant {S8ayapbrimgll fhethegheadt! exeh@hnged) and is
vapori zed . there. As a result, the heat exchangers (11b, 3c) perform
their respeciive &f e GAQihNGnPPE(24) 086d the othefheoRdem@ia i nvention
provi des a ninth sol ving neans (according to any one of the foregoing

second, th'fé’ib:]-{déf&t :%Q é‘EQe&' 56 htﬁﬁ' HEHQ Qﬁéﬂéh?%%{ (3%

foregO|ng pro OC|ate e prior a echnlques he ninth

he. pr far PHERH bof 3! et "bae) ?ﬁ%{lﬁdwsc?wiﬁe LR

utilization side heat exchange 4b) which is connected in parallel
with the reiBe%fer anks h‘%a’t’e%?\%,ﬁan ¢ heat PB?héﬁaeWﬁl dilbs Fcdc &enheTR
subunit (4a) and (b) the heat exchanger (4b) has a liquid side and a
gas si de whéheln xeégpectivei giivensedelingcopazatdonse a |iquid side of the
refrigerant heat exchanger (5) by a liquid line (LL-B) and the gas
side 20 is cTheepteseht angesntipdepebvtidesr af nigwharsolvdatg eeedrasnger

(5) by a gas line (G.-B). In accordance with the ninth sol ving

means of thgadé&®s®Mg to. any one of the foregoing second, third, fifth,
| 10 and sixth solving means) for solving the foregoing problems
associated with the prior art techniques. The ninth solving
means of the present invention is characterized in that' (a)
the primary refrigerant circuit (10) includes a
.refrigeration utilization side heat exchanger (4b) which is
15 connected in parallel with the refrigerant heat exchanger
(5) and which is placed in a subunit (4a) and (b) the heat
exchanger (4b) has a liquid side and a gas side wherein the
liquid side is connected to a liquid side of the refrigerant
heat exchanger (5) by a liquid line (LL-B) and the gas side
20 is éonnected to a gas side of the refrigerant heat exchanger
{(5) by a gas line (GL-B).

In accordance with the.ninth solving means of the present
invention, a part of the primary refrigerant circuit (10)
constitutes a unary refrigeration cycle. In other words,

25 only with the provision of a single heat source (i.e. the

primary refrigerant circuit (10)), the heat exchanger (3c)



I nventjon, a part of the primary refrigerant circuit (10) constitutes
a unary refrigeration cycle. In other woiktls, 25 only with the provision of
a “si ngl e heat source (i.e. the primary refrigerant circuit (10)), the
heat exchanger &t in a
bi nary ref difgé RItHTE efrigemtinn £YGLe obki allared to COPﬁéSﬁeHﬂ-th
exchanger (4b) in a unary refrigeration cycle. The present

i nventi on phey ke exadmngen| (4 ieamsunary refrigdragion ekcher one of
the foregoing.first to sixth 5 solving neans) for solving the foregoing

probl ens assocrd gsresent M iiteh fiEoR! bBovadést ackkanhesolTiagt maahssol vi ng
nmeans of the present invention iIs characterized in that each of the

heat exchanggy, foocz?xgili]lﬁ &% efiﬁef%@f’%ﬁ@%o%?giﬁbr £9rER Bo sixt!

i ndi vi dual ay case to cool the air I'n accordance with

St 7 uct P os orlgg%mﬁgﬂ? 8df%PsF§i&?§3tth%a£%%Q 45Ehar Byohahe apERyiatea

contributin he saylng of ar ea_of a .

EPPECTS. CF Wt (NP IF okt techpisnede, Bhe: henbhr bpi¥3Rg: Rgangant of
t he present invention is that the refrigerant heat exchanger %5) can
be shdhed nresenhuireentiorals b@b@b@ﬂteﬁézﬁéa{mefébﬁ&n&éﬂ;‘ ef1sh

3c). In addition to the above, with only the provision of the 20
r ef ri ger antheadatexotwngeps (Elbi 3¢ hedlihi exchanhgest hpatowdth air pdsbiibl e
to cause refrigerant to vaporize in the heat exchangers (11b, 3c).

an individual food display case to cool the air.

10 In accordance Qith the tenth solving means of the present
invention, simplified structures for use in food display
cases are provided thereby contributing to the saving of the
area of display cases.

EFFECTS OF THE INVENTION

15 An effect of the first solving means of the present
invention is that the refrigerant heat exchanger (5) can ﬁe
shared as a source of heat between the heat exchangers (1l1b,
3c).

In addition to the above, with only the provision of the

20 refrigerant heat exchanger (5) in the unit (2a), it becomes
possible to cause refrigerant to vaporize in the heat
exchangers (11lb, 3c¢).

In other words, there is no need to provide an individual
refrigerant heat exchanger to each of the heat exchangers

25 (11b, 3c¢), because of which there is no need to secure area

necessary for installing the refrigerant heat exchanger (5)



In other words, there is no need to provide an i ndividual refrigerant
heat exchanger to each of the heat exchahBers 25 (11b, 3c), because of
whi ch there is no need to secure area necessary for installing the
refrigerant, heat _.exchanger. (5 . . 16
in each unif® %Q9Q1WQ%ﬁnt,Aétgkﬁﬁ§H&%'pBEé?%ﬁ%m?ﬁ pPgsihde to PIPYAAet| ed
circuit structures for refrigeration systens. In addition, by
virtue of sHapddfiad airguihesteuchisees for refriggeahhencpyetems(20),
various tenperature environnents 5 requiring different cooling

t enper at ures cim ddikebdnzeby virtudhof thé&estrticpusrei bife the selcoadary

w der range of applications of the present refrigeration system

An ef fect afefirfigyexeitncHtdyi O0(28RSvariole pempenature entiebhimentiss t hat
there is no need for the provision of tthe 10 refrigerant heat exchanger

(5) in ghe ﬁ«{?ﬁr}.iitng( ?zfj)ffa%lr&@ ?oliH&kﬁ?mbér%ﬁféQ' 8ahOpR' P¥hiszaap! i fied

circuit structures - applicable Tnrefrigeration systens. Further, in

addi tion . 1o the faregoi fect [ ol.yl ans, the
second SM\ﬁqﬁfrﬁé§%§(;#1ék%é§§é§tﬁé %%%%%?%g% ?%é?§s%%é§gag%15 plurality
of secondar refr“gerant circuits %i.e. t he, iecondar refrigerant
circuits (BPPlisatigns of, thePresent refrﬁgﬁggt-pnpgggﬁépe to set, for
exanpl e, individual cooling performance to the secondary refrigerant
circuits (11, Arp)effect of phecseeendofolWinghmegnsoPf tenPresedrt t he
present 20 invention is that there is no need for the provision of the
ref ri ger antinhvesttiaxc hsgehat Sthéret he sobneed £6xn) thehprovision of the

10 refrigerant heat exchanger (5) in the subunit (3a), which
makes it possible to provide simplified circuit structures
applicable in refrigeration systems. Further, in addition
to the foregoing effect of the first solving means, the
second solving means can provide the advantage that since a

15 plurality of secondary refrigerant circuits (i.e. the
secondary refrigerant circuits (11, 12)) are provided, this
makes it possible to set, for example, individual cooling
performance to the secondary refrigerant circuits (11, 12).

An effect of the third solving means of the present

20 invention is that there is no need for the provision of the
refrigerant heat exchanger (5) in the subunit (3a), which
makes it possible to provide simplified circuit structures
applicable in refrigeration systems. Further, in addition
to the foregoing effect of the first solving means, the

25 third solving means can provide the advantage that since the

secondary refrigerant circuit (11) is provided with a



makes jt possible to provide sinplified circuit structures applicabl e
inrefrigeration systenms. Further, in addi%ion to the foregoing effect
of* the first solving neans, the 25 third solving nmeans can provide the

advant age that sjnce the secondary refrigerant _circuit_ (11) is
provideg wiRklprality of heat exchangerg (i.e.g the heaf7exchgn qﬁwﬂ#%ﬁy of

heat exchangers (i.e., the heat exchangers (11b, 3c)), this makes it
possi bl e t03¢hki | this anakes tkappselibilpeto facddifadei.nfoat exampde., the
In accordance with the second and third solving neans of 5 the present

i nvention, ¢énbectims ¢pHskihée.to enpl oy such a structure that
conponents including conpressors are pl aced in the main unit (2a)

while the subumhtat8ardafibbaiwith the klebhid) advd tHiITA AlvidS sy dS8c¢) .

"Accordi ngly, &he units (2a, 3c) with different cooling tenperatures

10 t b Edings i f HeTANA RS f t
can Coﬁ:(l’}llé %fég&'ig .¥n’9éﬂ¥¥gi[lzgltz) pgég%ﬁgs p%isiiilel o emgltoﬁatgﬂ[br?g 4 ec

of the Pou solving neans o I'nvention 1 I rst
heat exchanggr % 1b%, which is “connected in parallel wth &g%ﬁﬁ
fofti gor antSFEATEERE gk  conbonenss 18eThaTng, GoRp-Ass R MES BAGGer ant
circuit (10), 15 and the first heat exchanger (11b) is placed in the unit
(2a) togetht? themair pRif; (@rinvhids: thecs t dpalggoptains
arrangenent nmakes it possible to construct the unit (2a) . wi t hout a
conpressor theredin| orty thesheabvedebangeirddde). Acgeydisglappitheati ons of
the unit (2a). Additionally, like 20 the first solving neans, the fourth
sol ving neamsits GRae 8c) withpdibffdeeatsicoplliihigedempenatiurss watur e.

10 coexist, thereby providing improved flexibility.

An effect of the fourth solving means of the present
invention is that the first heat exchanger (11b), which is
connected in parallel with the refrigerant heat exchanger
(5), is disposed in the primary refrigerant circuit (10),

15 and the first heat exchanger (1l1lb) is placed in the unit
(2a) together with the refrigerant heat exchanger (5). Such
arrangement makes it possible to construct the unit (2a)
without a compressor or the like. This provides a wider
range of applications of the unit (2a). Additionally, like

20 the first solving means, the fourth solving means is able to
provide a simplified circuit structure.

An effect of the fifth solving means is that since the
second heat exchanger (3c) is placed in the subunit (3a),
this makes it possible to eliminate the need for the

25 provision of, for example, a compressor in the subunit (3a).

As a result, a simplified circuit structure can be provided.



An effect of the fifth solving means is that since the second heat
exchanger (3c) is placed in the subunit }Qa) this nakes it possible
to elimnate the need for the 25 provision of, for exanple, a conpressor
in the subunlt As a result, a sinplified reui t st ture can
be prOV|de&1 e he second and third solv1néwﬁeans, £ C S pos Eiﬁg ﬁ

second and third solving nmeans, it is possible to allow the units (2a,
3c) to coewmildiow Fhecmpidmoizange) toiegnwmial thexeby| prgviding An
effects of the sixth solving neans of the present’ 5 invention is that
since a pl dmprowedoff telxd bsidcidiygl. heat exchangers (3c) are placed in the
respective subunits (3a), this nakes it possible to easily cope with a

plurality of An effdctd WS, ti§e/CHieth J66DYBYgCREafis bE lBheCppbednt
Addi tionally, like the first solving means, the sixth 10 solving nmeans

provi deg tgu SvEYA9S Widft %ﬁté@'&fﬁf&amy%fceha §teaﬁaumaean be

provi ded. rthernore, as In second and third solving neans, the

the uni ts SHoHaEYs, (3qfAES pladBRch fad SrBbBLLPRyb BupRRTLS' t?ﬁ‘f "
effect of the seventh solving nmeans of the present '

! £ |Eveni % that
since the ddEhPARES IfpRASHIPIS0 astly %?B‘Eeﬂlwr BhB+BhBuh-¥

this makes it possible to generate a |l ow tenperature in the subunlt
(3a) theredpcations.ofusiihas disrlay ereedi tppPecaerdad: 20 An
effect of the eighth solving nmeans of the present I nvention is that

si nce conpawistittsianadlydi rigikeethye chimist ysolving means, the sixth

10 solving means provides the advantage that a simplified
circuit structure can be provided. Furthermore, as in the
second and third solving means, the sixth solving means
makes it possible to provide the coexistence of the units
(2a, 3c¢) thereby providing improved flexibility.

15 An effect of the seventh solving means of the present
invention is that since the secondary compressor (3b) is
placed in the subunit (3a), this makes it possible to
generate a low temperature in the subunit (3a) thereby
providing a wider range of applications.

20 An effect of the eighth solving means of the present
invention is that since components including the secondary
compressor (3b) are placed in the main unit (2a), this makes
it possible to construct the subunit (3a) that containe
therein only the heat exchanger (3c). This can provide a

25 simplified circuit structure.



conpressor.(Sb) are placed in the main unit (2a), this nakes It

possible to construct the subunit (3a) thA&at contains therein only the
heat exchanger (3a). This can provide a 25 sinplified circuit structure.
19 An effect of the tenth solving neans of the present

invention is tAuteffegke ofothei tentlh sadwingr means| off, thei presentychi eves a
saving in the area of display cases. This can provide a sinplified

f ood di spl dpveaddioat risctihiat ssitne¢ foed disphayt casesr atactboied,nthiis food
di spl ay case area can be achi eved. BRI EF

DESCRI PTI O cH oktds BRANWNGY in the &&Jpgflaigpaayaaasbsdrawhag ghawi ng
the positions of 10 individual display cases. FIGURE 2 is a

schemati c @fgyfﬁa5%“%?ﬁ5hif¥é&'fb&& displ 9”E§§E'$Erﬁﬁﬁﬁﬁe05n895Q dingpl ay

case. + FI GURE I's a di agram sho e refrigerant piping

f d d f
S mod mint S o SedudEloddn Otnd PB6G"hi#Bibv! Bale BRea B bRy ng

t he pi ping configuration of a child freezer. FIGURE 5 is a
di agr am sh&¥f 9ﬂ?[ﬂ pi ng configuration of a child refrigerator. 20
FIGURE 6 is a diagram showi ng the refrigerant piping system of an

outdoor unit and that of a parent unit in a

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a layout drawing showing the positions of

10 individual display cases.

FIGURE 2 is a schematic diagram showing the piping'
connection state of each display case.

FIGURE 3 is a diagram showing the refrigerant piping
system of an outdoor unit and that of a parent unit in a

15 first embodiment of the present invention.

FIGURE 4 is a diagram showing the piping configuration of
a child freezer.

FIGURE 5 is a diagram showing the piping configuration of
a child refrigerator.

20 FIGURE 6.is a diagram showing the refrigerant piping
system of an outdoor unit and that of a parent unit in a
second embodiment of the present invention.

FIGURE 7 is a diagram showing the piping configuration of
a child freezer in the second embodiment of the present

25 invention.



second. enbodi nent of the present invention. FIGURE 7 is a diagram
showi ng the piping configuration of 2g child freezer in the second
enbodi ment of the present 25 invention. :

20 FIGURE 8 is a diagram show ng the refrigerant piping

system of an REGURE 8nis andiagramoshéewpfAgetheumefriigexrant pilpiingl
enbodi nent of the present invention. FIGURE 9 is a diagram show ng

the refri gefanteid¥ h oWt dYUSE SR LE - Aa OLhSLO6EUR! bapBAtt BAl tOfind gPar ent
unit in a . fourth enbodi nent of the present invention. Fl GURE

10 is a di ﬁ,_g{ial[(ﬁ %M&“%‘pﬁnﬁgffélljhg;‘%gée’%Pﬂ}ﬁegﬁ%‘gﬁsyﬂem of an out door

unit and t a paren i'ment of the present
i nvention. 1 IGURE 11_is a_diagramshow ng the refrigerant piping
systen1of_ans§ﬂvagy$ %ﬁ#? 3nﬁl?ﬂ5?mo$ﬂgwb39e£ﬁgu%Fgrﬁﬁgiant p;ﬁ%&
enbodi nent of the present invention. BEST MODE FOR
CARRY! N& Oy stiqm | &/ @ptdasr uniReandrthatt oft aepareathsaidr 4R Ag
figures, the details of preferred enbodi nents of the present invention
are now fourtdr renlmatiiment of Hhehpoésent Enbedtdonts of the present
I nvention wll be descri bed by way of exanple. Enbodi nent exanpl es of
the 20 preserrIGURENLOODs andilgelmr showgngathen refiiiejEramdeiping
accordance with the present invention are applied to refrigerated food
di splay casfifstdificd |&t oitdoPL #RIKCARd that of a parent unit in a

fifth embodiment of the present invention.

10 FIGURE 11 is a diagram showing the refrigerant piping
system of an outdoor unit and that of a parent unit in a

sixth embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

15 Referring to the attached drawing figures, the details of
preferred embodiments of the present invention are now
described.

Each of the embodiments of the present invention will be

described by way of example. Embodiment examples of the

20 present invention, in which refrigeration systems made in
accordance with the present invention are applied to
refrigerated food display cases installed in supermarkets,
are explained.

FIRST EMBODIMENT
25 FIGURE 1 shows the positions of individual food display

cases. The food display cases of FIG. 1 contain therein



are explained; FI RST EMBODI MENT 25 FI GURE 1

shows the positions of individual food dbhgpl ay cases. The food displ ay
cases of FIG 1 contain therein _ 21
cooling units (2, 3A, 3B, 4A, 4B), respectively. FIGURE 2 outlines the
pi pi ng conrexilinyg cinite (ol3&g 3B t4A( 24BBA respecBByvedx. 4BIGUREG2RES
3-5 show in detail the piping connection of the cooling units (2, 3A,
3B, 4A, 4Bloutlines tfd Pipivg lCormméStidnads €heacbBlingeuatiitan (2ySkBam
formed in accordance with the first enbodi nent of the pr esent

h
I nventi on, 3ﬂ10|4.mles4@) Si rlgi(gm%g dggg %%6&4 ‘J‘)déea’"i thd ﬂ%ﬁﬁ to the

f oregoi ng fiVve cool 1 ng unit ve cooling

ospect i ve S {g St od BB TRERE, L. TARY, 8&2?%?'8 0t () i< a

parent unit. The second and thlrd cooling units (3A) and (3B) are
child 2  frREESEEIRGL FIER- ahdards 2 eoagﬁﬁégﬁm oy AY SHEP +( 4B)

are child refrigerators. Connections between the cooling 15 units (2, 3A
3B, 4A, 4Bfammed hih Ageredanee twith the firsteemhpfAimgad 0f theri ger ant

| i nes. Refri gerant which circul ates between the outdoor unit (1)
and t he pamadseamt tifventekabhanieslhdas ai shngdér ogédeotr unit li)cin
circul ates between the parent unit (2) and each of the 20 child freezers

(3A 3B) i maiftidn 966 Ahe heategdLHgneve (8boling ubdtk ¢2,tBa,chB,d4a,
freezers (3A, 3B) produces a | ow
4B). These five cooling units (2, 3A, 3B, 4A, 4B) are
10 operable to provide refrigeration in respective food display
cases. The first refrigerator unit (2) is a parent unit.
The second and third cooling units (3A) and (3B) are child
freezers. The fourth and fifth cooling units (4A) and (4B)
are child refrigerators. Connections between the cooling
15 units (2, 3A, 3B, 4A, 4B) and the outdoor unit (1) are
established by refrigerant lines.

Refrigerant which circulates between the outdoor unit (1)
and the parent unit (2) exchanges heat with refrigerant
which circulates between the parent unit (2) and each of the

20 child freezers (3A, 3B) in a refrigerant heat exchanger (5).
Each of the child freezers (3A, 3B) produces a low
temperature of, for example, -40 degrees centigrade to cool
its corresponding frozen display case. The refrigerant heat

exchanger (5), which is called a cascade heat exchanger, is

25 housed within the parent unit (2).



tenﬁerature of, for exanple, -40 degrees centigrade to cool its

correspondi ng frozen display case. The rgbrigerant heat exchanger (5),
which is called a cascade heat exchanger, is 25 housed within the parent
unit (2). 22 Li ke the child
freezers (3A I3Re thHe glaibdtfoeezefd) (3A, 3P)odthesparkaty uadmger(@)ure of,
for exanple, -40 degrees centigrade to cool its corresponding frozen
di spl ay cagoduces a 10w Wi @EuRends, rf&f'gﬁéﬁgiec'LEU'ééﬁieggtween
each of the childrefrigerators (4A “4B) and the outdoor unit (1),

t hereby cauygsj t B roduce a
| ow t enper at ur e gq%cdéf gﬂ;o eélgorr%{%ég ‘E‘E}#’gﬁé&a’%é ff‘é‘zef} &%aglaYO c%ol Its
correspondi ng refri ted dis ei nafter, the
Tt cont Lgli AP EheR Aoy ¥ﬁ£rlgeraaﬁi %rSBéf"&SFeE’ PEWEEP! SRR I8

f or egoi ng cool i ng oper ati ons s explain

OUTDOORP UNEhe child. refaignerbrrsinf 4A¢ 1113? sali\ﬂstﬂaﬁl entdoexsi yBiknd s
housed 15 in a casing (la). Contained in the casing (la) of the

out door unitherBbyarcausing reach cofiptkeschildbrefniilgenators ¢dAdodB)héat
exchanger (1c). The primary conpressor (Ib) and the outdoor heat
exchanger @Ehoduce MR titshpegetes of, £6y examplégerapt degieesThe

out door heat exchanger (1c) has 20 a liquid side to which a primary |iquid

o o o CATERRLINP 650 s o paIIAg ot fibaten asspaiyn 1
case.

10 Hereinafter, the circuit configuration of each of the
units operable to perform the foregoing cooling operations
is explained.

OUTDOOR UNIT -
The outdoor unit (1) is installed outside and is housed

15 1in a casing (la). Contained in the casing (la) of the
outdoor unit (1) are a primary compressor (1lb) and an
outdoor heat exchanger (1lc). The primary compressor (1lb)
and the outdoor heat exchanger (lc) are connected together
by a refrigerant line. The outdoor heat exchanger (lc) has

20 a liquid side to which a primary liquid line (LL) is
connected. The primary compressor (lb) has a suction side
to which a primary gas line (GL) is connected. Both the
primary liquid line (LL) and the primary gas line (GL)
extend from the casing (la) of the outdoor unit (1) and are

25 connected to the parent unit (2).

PARENT UNIT



pfinary liquid line (LL) and the primary gas line (Q) extend fromthe
casing (la) of the outdoor unit (1) and gre 25 connected to the parent

udit (2). PARENT UNI T

23 The parent unit (2) is a main unit and is housed in a

casing (2a). (rhdé gpaeeht dhithe2yassng hdah ahithangaienhoused UWhita (2) is
the refrigerant heat exchanger (5). The primary liquid line (LL) and
the primarefahd i (fa GL)COM%&WEPH the cééﬁ?ﬂl(;t bﬁacyuséoeheueﬂa engl') are
connected to the refrigerant heat exchanger rovi

al ong the Y. | h (

fi rs'? and %{c?ga‘ﬂ oi\?véjdﬂ\l/% e?gﬁ%%grsl?g hng %‘%ﬁ%ﬁgg% Efp’t)f'ro i"te ?rfi%\a?ty
flow divider, (6 e three strean1branch i.nes LL-2, LL-3
The upst r edviduta fing () 2ra, £8S) b IRRRRnderctiie: (RETsokBIEH fahen
di vi der (7). Branched out fromthe second flow divider (7) are
three dBwndhammkhe EAeRaanit | (1), Lare, copngytedatn he re rigerant
downstream branch lines (LL-4, LL-5, LL-6) is connected 15 to the

refrigeramhdaxnexnhﬁnmger(QB). The refrigerant heat exchanger (5)
Is a plate refrigerant heat exchanger. In the refrigerant heat

exchanger (5),Providédralohg thergrpmnaigr Yigaidageae( faL)Sandan ate f or med
in a correspondi ng fashion to the downstream branch |ines (LL-4, 20
LL-5, LL- Qbarent unitNez foNRst ££881 PaRACheLbAAS Ei bk divibieRs ltle,6)7)are
Branched out from the first flow divider (6) are three
10 upstream branch lines (LL-1, LL-2, LL-3). The upstream
branch line (LL-1) is connected to the second flow divider
(7). Branched out from the second flow divider (7) are
three downstream branch lines (LL-4, LL-5, LL-6). Each of
the downstream branch lines.(LL-4, LL-5, LL-6) is connected
15 to the refrigerant heat exchanger (5).
The refrigerant heat exchanger (5) is a plate refrigerant
heat exchanger. In the refrigerant heat exchanger (5),
first to third primary passages (5a, 5b, 5c¢) are formed in a
corresponding fashion to the downstream branch lines (LL-4,
20 LL-5, LL-6).
The downstream branch lines (LL-4, LL-5, LL-6) are
provided with respective electric expansion valves (EV-A,
EV-B, EV-C). The eléctric expansion valves (EV-A, EV-B, EV-

C) are operable to provide, by cohtrolling the degree of

25 opening thereof, independenf controls of the temperature of



provided with respective el ectric expansion valves (EV-A, EV-B, EV-O).

The el ectric expansion valves (EV-A, EV-B4 EV- C) are operable to
proovi de, by controlling the degree of 25 opening thereof, independent
controls of the tenperature of : 24
vapori zat i grapdriRspesd o redpddeiva i seftDyergnts £h6wing ipr thary
passages (5a, 5b, 5c) Each of the prinmary passages (5a, 5b, 5c) of
t he E; e@x&ﬂ@n (ga is not necessarily required 5 to
be i nmpl enent y a s ng e passage but |s formed by a plurality of

Deevroed o cofdelot ! é’;%%@gﬁnéa%a?g'sﬁhgﬁn ke SBICEEBR wnit (2

are first and second flom/ner i.ng head 8, Quide lines (A-1
G 0 G SRR REGT SHOTRIET oL hnts sROF hRSFEFFRELIT FoRBIFea
exchanger (5) are connected to the first flow nmerging header (8). In
additioh to he inplepgnked besa (fingle Passage-bypt isf Fowmedr Hyng | i ne
(A.-4) is connected to the first flow nerging header (8). 15 The fl ow
mer gi ng | i mAuradI Wy i of quassades ¢redtedsbygobhefl bverlappingr gifn quiledgpde
(9). The second flow nerging header (9) is connected, through the
prinmary gagpldtés(G.), to the suction side of the primary conpressor
(I'b). A primary refrigerant circuit (10) is conprised of the 20

primary Conpreﬁf@@l&é&)aﬂaﬂgtPﬁerﬁfihgfﬁaahshQiheGXQEQHQﬁH in tHe?)- In the
primary refrigerant circuit™ (10), refrigefrant di scharged fromthe

primary CorBDJJ:eeSI%) rur(:ﬂp)(i)?cgf'gsflrst and second flow merging headers (8.

10 9). Guide lines (GL-1, GL-2, GL-3) of the primary
refrigerant of the refrigerant heat exchanger (5) are
connected to the first flow mergihg header (8). In addition
to the guide lines (GL-1, GL-2, GL-3), a flow merging line
(GL-4) is connected to the first flow merging header (8).

15 The flow merging line (GL-4) is connected to the second flow
merging header (9). The second flow merging header (9) is
connected, through the primary gas line (GL), to the suction
side of the primary compressor (1b).

A primary refrigerant circuit (10) is comprised of the

20 primary compressor (1lb) and the refrigerant heat exchanger
(5). In the primary refrigerant circuit (10), refrigerant
discharged from the primary compressor (1lb) becomes
condensed in the outdoor refrigerant heat exchanger (lc). A
part of the condensed refrigerant is decompressed at the

25 electric expansion valves (EV-A, EV-B, EV-C), is vaporized

in the refrigerant heat exchanger (5), and is brought back



condensed in the outdoor refrigerant heat exchanger (1c). A part of
the condensed refrigerant is deconpressedsat the 25 electric expansion

val ves (EV-A, EV-B, EV-O), is vaporized in the refrigerant heat
exchanger (5), and is brought back

25 aggain dcd heherpnimary copnesessof| b1lb) TheThei puimary refri gerant
Is circulated in the way descri bed above. The two upstream branch

l'ines (LL- %eﬂéigﬁsnawlféﬁ & fculated’ PHCHRE WHy Heseribed’ abskel.l ow di vider
(6), extend to t 5 child refrigerators (4A, 4B). Two coIIectlng | i nes

(-5, Gl o phaat bea?mzt !hhee {2823d h.?.a%%

Whlich e
extend to the child re gerators parent unit (2)

cont Ly if cpon B e g %?ﬁ éﬁiéﬁél&k.’ch e efianae. o

with the pri refr| erant in the refrigerant ‘heat _exchanger (5). A
refri geF’antcrHHﬁ I(%ﬁ%}‘-*%%?“é%?? shiA. cﬁﬁhectmﬁsgaﬁ'ﬁﬁﬁt&ng 11“?&2%&5 LY
conpressor (l1lla), a first secondary passage (5A) of the refrlgerant
heat excharﬁ}eﬁisyn comenbeatien withekhanspeandaheaderv(9) ads@® a heat
exchanger (11b) di sposed on the refrigeration utilization side, to
formthe figxstend toretheiceihitrefrigeratoétys. (4A, 4B).The first refrigerant
circuit (11) is a closed | oop capabl e of refrigerant circulation. The

first secondaryhe 29argatsaget($2) esaltanaes thedlein tah fiftetf ivefriydramity
passage (5a). In other words, refrigerant, discharged fromthe:
circuit (11) which disposed on the side where refrigerant
10 heat is utilized and which exchanges heat with the primary
refrigerant in the refrigerant heat éxchanger (5). A
refrigerant line (1lc) establishes connections among a
. secondary compressor (lla), a first secondary passage (5A)
of the refrigerant heat exchanger (5), the electric
15 expansion valve (EV-1), and a heat exchanger (11b) disposed
on the refrigeration utilization side, to form the first
:efrigerant circuit (11).
The first refrigerant circuit (11) is a closed loop
capable of refrigerant circulation. The first secondary
20 passage (5A) exchanges heat with the first primary passage
(5a). In other words, refrigerant, discharged from the
secondary compressor (lla), exchanges heat with refrigerant
in the first primary passage (5a) in the first segondary

passage (5A) of the refrigerant heat exchanger (5) and

25 becomes condensed. Together with the primary refrigerant



secondary conpressor (1la), exchanges heat with refrigerant in the

first primary passage (5a) in the first ggcondary passage (5A) of the
refrigerant heat exchanger (5) and 25 becones condensed. Together with the
primary refrigerant 26 circuit
(10), the Cinzuitef(rlider attie citxst tréfitjgévamt aircuitb{ha)yformsi gerati on
cycle. Second and third secondary passages (5B, 5C) of the
refrigeranblmggg-@@ﬁﬁﬂggﬁaﬁfanEﬁybp@nnected to the child 5 freezers (3A
3B) by liquid.lines (LL-A) and by gas |ines (A-A).

CHI LD FREEZER%econd aﬂ@etﬁff&d§é§8ﬁ&§£§ éé@saégé ?Qﬁh 5@5”5% SHQPnlt

These d freezers ave e sa strucéture, one of

then1(the C e ) r r er to FIG
St ety nea ) dxRgteee {9 ﬁe%r%ygg%égs?dcsﬁpﬁéssﬁﬁﬁ‘i
refrlgeratloneﬁéfle A ca5|nqgé3 n which Ehe child freezer (3A) is
housed, 3 cof®S BB n%i%%%@rl%%%ﬁ, LESA)aaP@fPYggﬁﬁtFBHeS
utilization side heat exchanger (3c), and the el ectric expansion valve
(EV-2). ThdG&eddndary conpressor (3b) has a discharge side to which
the gas line (A&-A) is connected. The heat exchanger (3c) has a liquid

side to which the liquid Iine (LL-AHIED HRERZERJ. Both the 20 gas line
(&-A) and the liquid Iine (LL-A) are connected to t he second

secondary passpge dibbld ofrébgetef (BHSraB) Baah form axebda@at.(5rhebe
cl osed, second refrigeration utilized side
child freezers (3A, 3B) have the same structure, and one of
10 them (the child freezer (3A)) is described here with
reference to FIG. 4.

The child freezer (3A) is formed by a vapor-compression
refrigeration cycle. A casing (3a), in which the child
freezer (3A) is housed, contains a secondary compressor (3b),

15 a refrigeration utilization side heat exchanger (3c¢), and
the electric expansion valve (EV-2). The secondary
compressor (3b) has a discharge side to which the gas line
(GL-A) is connected. The heat exchanger (3c) has a liquid
side to which the liquid line (LL-A) is connected. Both the

20 gas line (GL-A) and the liquid line (LL-A) are connected to
the secénd secondary passage (5B) of the refrigerant heat
exchanger (5). A closed, second refrigeration utilized side

refrigerant circuit (12) comprises the child freezer (3A)

and the second secondary passage (5B).



refrigerant circuit (12) conprises the child freezer (3A) and the

second secondary passage (5B). 27 27
Li'ke the first refrigerant circuit (11), together with the primry
refrigerant circuit (10), the second refrigerant circuit (12) forns a

bi nary refrigéddtel dhecyitdmst refrigexant heixecwst bhll, bogetbed, wisbond
refrigeration 5 utilization side refrigerant circuit (12) is conprised of

the child theepeima?ly) rftideardnt rclrsaniondarg) padsagee¢did refrigérahe
refrigerant heat exchanger (5). The first refrigerant circuit (11)

and the segabduar. (178 HEISANE Wi trddlgdiioibroyorgn @ secondary 10

refrigerant circuit ) of the present I|nvention.

CH LD REFRI GERAT The, chjl ef ri S h f
subunit. . s%negég‘ee c?ﬁtf%r rlé}?(?'ge%’ a%béssééﬂ%aé%géhﬁé/gég‘ﬁégégrimaﬁstr--a(r:'[n u?e,
and one_of them (the child refrigerator (4A)).is ibed 15 h i th
ref eremte P$1§Pé§§§°n Side r%i?éhﬁ?ﬁ??ééﬁ?34¥#mhﬂ%ﬁciéeg%ﬂPFﬂsﬁa¥sfggrant
unit (4A): i s housed, contains a refrjsg{ation utilization side heat

exchanger the) chdda Heeazan r(3Blantsihm thixd sesonjaryhpassagenie)

exchanger (4b) has a gas side to which a gas line (G.- 20 B) is connected
and a |iquod thee nefnitgextamt |hepti dexé¢hmnger (§)1L-B) is connected. The
liquid line (LL-B) is guided into the parent unit (2) and is
connect ed, Vi aHd 1St re@firigerat a@thchite(11l)-and thet becbnast flow
divider (6). On the i
refrigerant circuit (12) together‘form,a secondary
10 refrigerant circuit (20) of the present invention.
CHILD REFRIGERATOR

The child refrigerators (4A, 4B) each form a subunit.
These child refrigerators (4A, 4B) have the same structure,
and one of them (the child refrigerator (4A)) is described

15 here with reference to FIG. 5.

A casing (4a), in which ﬁhe child refrigerant unit (44)
is housed, contains a refrigeration utilization side heat
exchanger (4b) and the electric expansion valve (EV-3). The
heat exchanger (4b) has a gas side to which a gas line (GL-

20 B) is connected and a liquid side to which a liquid line
(LL-B) is connected. The liquid line (LL-B) is guided into
the parent unit (2) and is connected, via the upstream
branch line (LL-2), to the first flow divider (6); On the
other hand, the gas line (GL-B) is guided into the parent

25 unit (2) and is connected, via the collecting line (GL-5),

to the second header (9).



ot her -hand, the gas line (G.-B) is guided into the parent 25 unit (2) and

i s connected, via the collecting line (Gyg5), to the second header

(9). 28 A closed circuit is
conprised of the child refrigerator (4A), the primary conpressor (1b) -
of the outdooraugiéséd)eircuitaid EBMpLikeacbrhedle SHANA IV EiYeratfort he
outdoor unit (1). | not her words, the child refrigerator (4A) does not
forma 5 [

di schar ged romtﬁ#éX##éﬁé c%ﬁ% %éé%?r(?g§5a gg%aﬁgﬂbggrwgéﬁ eéégd in

t he out door excha ses through t he f.irst fI I\Wvi der
(8) and |5 AR FURIEEE e?% ?ﬁ%ﬁangercﬁ?f’g PEi FPGe PR S oFa Ry T
Also in the child refrigerator l a liquid line % J

connect ed, ¥ALPEHMF HRETR arﬁ%ﬁaﬁ%h 1 refrigesator, ( oes F‘loltstfoF':l“b\ﬁ
divider (6), while a gas line (G.-B) is connected, via the collecting
| i ne (GB-6)hinary heefetgedahtanecycde. ARefrigeregéd whdiehi 7asonpri sed of
the child refrigerator (4B), the 15 primary conpressor (1b) of the outdoor
unit (1), oads¢ierged foomdohe pehnaeycbompeesedt) (Ab)t ndobiedante unit (1).
As descri bed above, together with the primary refrigerant circuit

(10), the fédmdedéld SBsOPRe " 8hta86FaRbat! bkehhfigerl (1c), phéksetAdhrioigh a
binary refrigeration cycle. On the other 20 hand, binary refrigeration

cycles are §p4f Q?J%?&W a{'@ldﬁrout z Lear g&r Lsﬂf)@%tl%rds d ?@ct‘i@ ¥ dhe

primary conpressor oor heat eXchanger
REFRI GERANT i TP LO6RERRTLAR) .

10 Also in the child refrigerator (4B), a liquid line (LL-B)
is connected, via the upstream branch line (LL-3), to the
first flow divider (6), while a gas line (GL-B) is connected,
via the collecting line (GL-6), to the second header (9). A
closed loop is comprised of the child refrigerator (4B), the

15 primary compressor (1lb) of the outdoor unit (1), and the
outdoor hgat exchanger {(lc) of the outdoor unit (1).

As described above, together with the primary refrigerant
circuit (10), the first and second refrigerant circuits (11,
12) each form a binary refrigeration cycle. On the other

20 hand, binary refrigeration cycles are formed between the
child refrigerators (4A, 4B) and the primary compressor (1lb)
and outdoor heat exchanger (lc).

REFRIGERANT CIRCULATION OPERATION
The refrigerant circulation operation of the
25 refrigeration system of the present invention is now

described below.



The refrigerant circul ation operation of the 25 refrigeration system of

the present invention is now descrized bel ow.
29 When the cooling units disposed in the respective display
cases (i.e. the parent unit (2), the child freezers (3A, 3B), and the

chil d refrigerhen sthei/coaBingperitendinppsed in theprespestiye idigplay
operations, the conpressors (1b, 1l1la, 3b) 5 are driven and the electric
expansi on casess (iBE\W A tHe/-tlarent uilk C(2[EY- theEvh21dE¥rdezars ¢8ALr 8Bl)ed
such that they open at given degrees of opening. . I'n other

words, the stl@aitd ClEXRR e yetaesrs EVAR, IB) B perforhVtheisef the
downstream branch lines (LL-4, LL-5, LL-6) of 10 the refrigerant heat

exchanger ( et e u kO nt | owk,Rg i N
the primar yl@psassag{e‘é=l éé‘&:%ﬁ%?é%%?a%jég’ﬁgﬁd{:%%n{:rSIg?EFEngEDSEtB 'o? 1%(SI to be
fed to the refrigerant, cirecuifs.(11. 12 T eni degr ee
of the Bl ectns I S ng | AREELS explfpion valves  (BVIRCGENIEL Sam o
t he heat exchangers (11b. 3c, is controlled such that the insides

4b
et oG- 1 BB kv ,3) d8b rontepLLeaySehyEhat, they opeh 1p

the primary refrigerant circuit (10), refrigerant di scharged fromthe
primary corgl exign (degressfigerentdg. 20 with external air in the outdoor
heat exchanger (lc) and is condensed to change to a liquid
refrigerant. The éther obords, the eileuitdiceexpgasdon valves dBV-Mt EV-B,
subflows in the first _
EV-C) of the downstream branch lines (LL-4, LL-5, LL-6) of
10 the refrigerant heat exchanger (5) control the vapor
temperature of refrigerants fléwing in the primary passages
(5a, 5b, 5¢) and control the amount of cold to be fed to the
refrigerant circuits (11, 12).
The opening degree of the electric expansion valves (EV-1,
15 EV-2, EV-3) located upstream of the heat exchangers (11b, 3c,
4b) is controlled such that the insides of the food display
cases are set to selected temperatures.
In the primary refrigerant circuit (10), refrigerant
discharged from the primary compressor (1b) exchanges heat
20 with external air in thé outdoor heat exchanger (lc) and is
condensed to change to a liquid refrigerant. The flow of
the liquid refrigerant is divided into subflows in the first
flow divider (6). A part of the divided liquid rgfrigerant
passes through the upstream branch lines (LL-2, LL-3) and

25 the ligquid lines (LL-B) extending to the child refrigerators

(4A, 4B) and flows into the child refrigerators (4A, 4B).



flow divider (6). A part of the divided liquid refrigerant passes

t hrough the upstream branch lines (LL-2,38L-3) and 25 the liquid |lines
(LL-B) extending to the child refrigerators (4A, 4B) and flows into
the child refrigerators (4A, 4B). 30
The |i qui d Thef Niigerizintrefxidporarr css albcompiwsstdcini the elegkpaasi on val ve
(EV-3), exchanges heat with air in the refrigerated food di splay case,
and i s vapekpad®ion valve REWH3) Uadhangds rNedat geltivt avaponi thei on, each
child 5 refrigerator (4A, 4B) is cooled to a selected tenperature of,

for exanpl L t4 e rygt i apori zed gas
%fﬂ?g@{%ﬁ{ﬁ}l&?ﬁ dﬁg@f‘jlr n%is'é‘% G?%'EB‘? js lP&porizedaporized g

refrigerants pa eg and t hrough the
collecting linegs (G5 -6 t . :SECOo I . gi ng
header (9), a%’ arlgtol}eou% tS%%Ié%%%Pf§%fg?ﬁev|%??%%§€%§ﬁﬁr%gg%r Q:}\(j!'brj)%r

On the other hand, the other |igqujd refrigerant, branched out _at the
Nrst rPontasmasrair (il 1ncopledetd e seLPEqTh comperatirs) off
the second flow divider (7), and in _the_downstream branch |ines (LL-4,
LL-5, LL-6)orTiexample.d -1% degreegceentigradeconPpreredfter t kBeel ectric
expansi on val ves (EV-A, EV-B, EV-C, EV-1, EV-2, EV-3) and flows

t hr ough eactaporizest igas yrefistgeeanl ts, pdss Barought bher gasi danest (6baB)
exchanger (5). In the refrigerant heat exchanger (5), the liquid

ref ri ger antaneX danrgsyh etie Wedlnéetingel tmnés i (LIS, GN-6)of argememyged atuit s
(11, 12, 12) and is vaporized to change to a gas liquid. The gas

[ﬁgr;??;?nﬁﬁﬁxﬁﬁﬁbﬂ&"fEKW'ﬁé@bing h&4d&e (dpesanélate Hrodghlbakk fler ough
10 the primary compressor (1lb).

On the other hand, the other liguid refrigerant, branched
out at the first flow divider (6), flows in the upstream
branch l1ine (LL-1), in the second flow divider (7), and in
the downstream branch lines (LL-4, LL-5, LL-6). The liquid

15 refrigerant is decompressed in the electric expansion valves
(EV-A, EV-B, EV-C, EV-I; EV-2, EV-3) and flows through each
primary passage (5a, 5b, 5¢) of the refrigerant heat
exchanger (5). In the refrigerant heat exchanger (5), the
liquid refrigerant exchange heat with refrigerant in the

20 refrigerant circuits (11, 12, 12) and is vaporized to change
to a gas liquid. The gas refrigerant passes through the
guide lines (GL-1, GL-2, GL-B); through the first flow
merging header (8), and through the flow merging ;ine (GL),
flows into the second flow merging header (9), is merged

25 with gas refrigerant returned from the child refrigerator

(4A, 4B), and is brought back to the primary compressor (1b).



mer gi ng header (8), and through the flow nmerging line (Q), flows into
t he second fl ow nmergi ng header (9), is mdiged 25 with gas refrigerant

returned fromthe child refrigerator (4A, 4B), and is brought back to
the primary conpressor (1b 31
The above- des&h%@?@?r@@%ﬁﬁh?eél refragpsangpeizcrdation oparatdans ed out
in the primary refrigerant circuit (10). Next, the refrigerant

ci rcul ati oransperanyied gput htn the peimagrraafrégecgmt cirpcudid (U9a .
refrigerant circulation 5 operation of the refrigerant circuit (12) are

now descri bed Next, behéWwefrigerantncilkeulatiogeoperatiiosidf (thle di sposed
on the side where refrigerant heat is utilized, refrigerant discharged

fromthe seriger&obPeesseit ((1ie) £h@VBhentasth ei:hh%t citeuisAgendary
passage (5A) :of the refrigerant heat exchanger (5). In the refrigerant

heat exg rﬁ”é?ﬂrééﬁ?P 5¥r£ggr Q%ri&efgﬁF circﬁf&r'gﬁﬁagk o ldedcroea

exchanges heat t rrgeran e'first primary passage
(5a) and |ﬁ)qg§densed to change to a I|qU|d refrigerant. Thereafter,
the liquid Wyefrigerant is deconpressed by the electric expansion valve
(EV-1), exchanges heat with air in the dlsglay case, and is vapori zed
to change to al®akheixafulapyapt: checeits(di) disposed g dhe vildla i zation,
the inside of the parent unit (2) is cooled to a selected tenperature
of, for exawlEre reffriggrantgheat tenutjlided. Thfrdgerant disdarged
refrigerant is - brought back to the secondary conpressor (1lla).
from the secondary compressor (lla} flows into the first
10 secondary passage (5A) of the'refrigerant heat exchanger (5).
In the refrigerant heat exchanger (5), refrigerant in the
refrigerant circuit (11) exchanges heat with refrigerant
flowing in the first primary passage (5a) and is condensed
to change to a liquid refrigerant. Thereafter, the liquid
15 refrigerant is decompressed by the electric expansion valve
(EV-1), exchanges heat with air in the display case, and is
vaporized to change to a gas liquid. By virtue of such
refrigerant vaporization, the inside of the parent unit (2)
is cooled to a selected temperature of, for example, -40
20 degrees centigrade. Thereafter, the gas refrigerant is
brought back to the secondary compressor (1lla).
In the refrigerant circuit (12), refrigerant discharged
‘from the secondary compressor (3b) passes through the gas
line (GL-A) and flows into the parent unit (2). The

25 refrigerant flows through the second and third secondary

passages (5B, 5C) of the refrigerant heat exchanger (5). 1In



In the refrigerant circuit (12), refrigerant discharged fromthe
secondary conpressor (3b) passes through3zhe gas lline (G-A) and flows
into the parent unit (2). The 25 refrigerant flows through the second and
third secondary passages (5B, 5C) of the refrigerant heat exchanger
(5). In the refrigerant heat exchanger (5), the refrlgﬁgapgfﬂfgéﬁght
heat exchanger (5), the refrigerant of the refrigerant circuit (12)
exchanges hssffrigétranefcigeunant (12) ektbangesi healte widbomefaigenantd

pri mary passages (5b, 5c) and is condensed to change to a |liquid
refrigerantglowindg el eehé esecoéh@ hhquiHiial primaayt passhgesglisthade)t o the
child freezers (3A, 3B) via the liquid lines (LL-A). The liquid
refrigerantadd fecosRaensed 18 thEngbeEb' b 194RAAS Kerigeratdl ve (EV-2) and

exchanges heat with arr 1nt rozen di splay case and is vaporized to

change to as refrigerant.. 10 i.rt f '

valpori z§t i g]l:#eyf?]%ﬁt‘%]g?déﬁ%f llquldt Eéf\éh'%f%%f]%eél%gﬁg OE'@HH %%)rcqélqgtocot&eed to a
sel ecte t t . f I nst . =40 . ti d Th
oo, el ST RERSHEES, Do, 90O Tbo08, R L15ES, CEEHH, e I

The above-described refrigerant circul ati on operations are carried out
in each refligetdnrefrigerant(is degompressed in the,elgetrdi iqyRansinn
system of the present enbodinent, a binary refrigeration cycle is

applied to vakvér (B¥n2)li aplagxchangeasbeati with lad mpdmetheyfinoZed) and t he
child freezers (3A, 20 3B)), while on the other hand a unary refrigeration
cycle is Qisppayi €dséoahlieiseirapaeiaiedl td Thlagecasea (gase rdfei gdxrdmk .

10 By virtue of such refrigerant vaporization, the inside of
the child freezers (3A, 3B) is cooled to a selected
temperature of, for instance, -40 degrees centigrade. The
gas refrigerant then returns to the secondary compressor
(3b). |

15 The above-described refrigerant circulation operations
are carried out in each refrigerant circuits (11, 12, 12).

In the refrigeration system of the present embodiment, a
binary refrigeration cycle is applied to the frozen display
cases (i.e. the parent unit (2) and the child freezers (3A,

20 3B)), while on the other hand a unary refrigeration cycle is
applied to the refrigerated display cases (i.e. the child
refrigerators (4A, 4B)). The parent unit (2), the child
freezers (3A, 3B), and the child refrigerators (4A, 4B)
share the outdoor unit (1) as a source of heat..

25 Additionally, the refrigerant heat exchanger (5) for

forming the foregoing binary refrigeration cycle is placed



refrigerators (4A, 4B)). The parent unit (2), the child freezers (3A
3B), and the child refrigerators (4A, 4B)33 share the outdoor unit (1)
as a source of heat. 25 Additionally, the refrigerant heat exchanger

(5) for formng the foregoing binary refrigeration cycle is placed
33 i ieRLY hehpaparen nuplgzj 2)No Nef redelgsrapdafieal. ipschangers

are provided in the child freezers (3A, 3B). In accordance with the
present enback neprovidéd thi kHe childr feeeref8A(38B) 3Bdch have a sinplified
structure in .5 conparison with conventional refrigeration systens in

whi ch COOFh NdceBiriandes watdY ithed pHedente satdiventeS rilgerani1deat
exchangers. In other words, the child freezers (3A, 3B) require no

secondary efgclosed tsir' g8Y2Bhchi have! & EIMPRA FI¥a struc@MIRCtig toget her
a conpressor,. a condenser, "an expansion 10 valve, and a vaporizer. ThIS

SZQCP{Béhd.efaomﬁs?aggﬁﬁa gonkBhit ﬁfﬁ”%ﬁ 16 on dyins 1n wnadh

systemincludes (a) the child freezers B) each. aof which
conpri ses tHROELAP BBLLP P§E)PrpﬂédﬁQaW tP5r@§ P(?é%r iggrpnt eat

el ectric expansion valve (EV-2) and %@& t he ch|Id refrigerators (4A
4B) each ofexghengesapri 38s other wardgeathexchddgefreanenm e 3Bhctric

expansi on val ve (EV-3). Accordingly, the present refrlgeratlon system
.can beregpireabbe secondaryuendilogiedy refsdgeragt rcdd-auwi g dRoxeed 29y '
different cooling tenperatures. As a result, the present
connecting together a compressor, a condenser, an expansion
10 valve, and a vaporizer. This can provide a simplified
refrigerant circuit structure.

As described in the foregoing description, the present
refrigeration system includes (a) the child freezers (3A,
3B) each of which comprises the compressor (3b), the heat

15 exchanger (3c), and the electric expansion valve (EV-2) and
(b) the child refrigerators (4A, 4B) each of which comprises
the heat exchanger (4b) and the electric expansion valve
‘(EV-3). Accordingly, the present refrigeration system can
be applicable in various display cases regquired to provide

20 different cooling temperatures. As a result, the present
refrigeration system has a wider range of applications in

comparison with conventional ones that can find applications

in only frozen display cases.

25 SECOND EMBODIMENT



refrigeration systemhas a w der range of applications in conpari son
wi th conventional ones that can find appB#4cati ons in only frozen
di~spl ay cases. 25 SECOND EMBODI MENT

34 Referring to FIGS. 6 and 7, a second enbodi nent of the

present inventRPTEIngtacELESphel BBfoR, 2 secondrgmbeddmedte fodineent
differs fromthe first enbodi nent in.the structure of the parent unit
(2) and i npreseant uovertion s ndwe déscribedebelow(3A, 3B), and only

di fferences between the first and second enbodi nents are descri bed

her e. The second embodiment EAREAFsURrdm the firEie epyodimentit (2)
of the second enbodi nent i ncl udes nei t her the second flow divider (7)

nor the firsl fHWtrlcti®s WbHotheagsreht) uni N2 €hhid§hathel 8drutehanger
(5) contiains therein only two passages (i.e. the primry passage

S t e 5 : ol ' LL-
éx?éngpﬁg Pﬁ%éﬁ “2%?#%3f§?€§%%;§ €gg'(%?)toa?ﬁegﬁégiﬁggggkkgﬁg%tbgé%ﬁﬁﬁber
5) i ted t 15 th ' 5 f t fri t heat

cxchanger  THS Y (D fiOCHRS PRI BoRE B aRER OGBSI DoRE. The

primary passage (5a) has a guide end which is connected to the fl ow
mer gi ng header (9) through the col | RARENT | PRET (G- 4). 20
Di sposed between the refrigerant heat exchanger (5) and the electric

.expansi on val VEh¢ Rvanentnunht (a)r ofethat second embodiment includes
neither the second flow.divider (7) nor the first flow

10 merging header (8). The refrigerant heat exchanger (5)
contains therein only two passages (i.e. the primary passage
(5a) and the secondary passage (5A)).

The branch line (LL-1) extending from the flow divider
(6) to the refrigerant heat exchanger (5) is.connected to

15 the primary passage (5a) of the refrigerant heat exchanger
(5) through the electric expansion valve (EV-A). The
primary passage (5a) has a guide end which is connected to
the flow merging header (9) through the collecting line (GL-
4).

20 Disposed between the refrigerant heat exchanger (5) and
the electric expansion valve (EV-1) in the refrigerant
circuit (11) is a flow divider (11d). Disposed between the
heat exchanger (11lb) and the secondary compressor (lla) in
the refrigerant circuit (11) is a flow merging header (lle).

25 Branched out from the flow divider klld) are a first

liguid flow branch line (LL-Al) in communication with the



circuit (11) is a flow divider (11d). D sposed between the heat
exchanger (11b) and the secondary conpre88or (1lla) in the refrigerant
ci'rcuit (11) is a flow nerging header (1le). 25 Branched out fromthe
flow divider (11d) are a first liquid flow branch line (LL-Al) in '
conmmuni cat heathiexehanger (11b), a second liquid flow branch 1line (LL- hegt
exchanger (11b), a second liquid flow branch line (LL- A2), and a
third |iquia2 ), asdraardiirtd neiduid ABlow Theanch lireo(lLaAd)t hi Tlel i qui d

fl ow branch lines (LL-A2, LL-A3) extend fromthe parent unit (2) to

the child fyeRRART ardAhifa BfRjuid Brpow hefanth 1iasst (ELEAQW DEFABNY header
(1lle) are a first gas flow branch line (G.-Al) in comunication with

the ?&eqfsf%rtﬁéﬁreﬁt S@&ff'dsﬂ?s 5! eﬁebagmia EraezeFs: 43k,

and a thir ranc I ne (A-A3 e secon third gas

I Ihce)wc Elr Q‘ﬂ ; 22%5("’(%9,&‘9% ESut Ai?’]?'oxﬁ XH;"Q df 1019 mme:t.lSln&OheBaegggll.EB' Fﬂ&éz

The above nentioned child freezers%$ L a constructediiﬁb%g]%ma
sane way tHATSh&dahiiiry #%¢ S (%— 1) in,gpmgpnd Gatiopsiig nt
are constructed. As shown in 15 FIG 7, the ca5|ng (3a of each child
freezer (3/l@ea33)excl_lanmrea1m)zh@reeﬂonﬁegﬁeaflesec zageh d3ipp AGE-AR4.
el ectric expansi on val ve (EV-2). The heat exchanger (3c) has a gas
si de whi ch amsl eonrteit@dgas £hewfboandhviibe (GLAA3). t Fbe secopdr end unit
(2) by the gas flow branch line (G-A2) and a 20 liquid side which is
connect ed tghihe ddOVEXbwibednéd 1T n€s (GL-A2, GL-A3) extend from the
10 parent unit (2) to the child freezers (3A, 3B).
CHILD FREEZER
The above-mentioned child freezers (3A, 3B) are
constructed in the same way that the child refrigerators (4A,
4B) of the first embodiment are constructed. As shown in
15 FIG. 7, the casing (3a) of each child freezer (3A, 3B)
contains therein the heat exchanger (3c¢) and the electric
expansion valve (EV-2). The heat exchanger (3c) has a gas
side which is connected to the flow divider (11d) of the
parent unit (2) by the gas flow branch line (GL-A2) and a
20 liquid side which is connected to the flow divider (11d) of
the parent unit (2) by the liquid flow branch line (LL-A2).
In other words, the heat exchanger (3c) of each of the
child freezers (3A, 3B) is connected in parallel with the
heat exchanger (11lb) of the parent unit (2). There is

25 formed a binary refrigeration cycle between the heat

exchanger (3c) of each child freezer (3A, 3B) and the



the parent unit (2) by the liquid flow branch line (LL-A2). In

ot her Wwords, the heat exchanger (3c) of é&#ch of the child freezers
(3A, 3B) is connected in parallel with the heat exchanger (11b) of the
parent unit (2). There is 25 formed,a binary refrl%gratlon cycle between

t he heat Pri"@?@?ﬁha‘?@%FlQ%E?anceEEHiEhi(FLB)fPBQzE'Pt D 1Be he@

36 primary refrigerant circuit (10) and between the heat

exchanger (exdhangex hellbb)eaf thetpazeninunife (20 andy the priafaxiyer ant
circuit (10). The child refrigerators (4A, 4B) of the present 5
enbodlnent.féﬁﬁigémamﬁnelscuﬂttUle)as the child refrigerators (4A, 4B)
of the first enbodinent (see FIG 5), and the structure of the child

refrigerators fyé, cﬂﬁidofetbigeratoﬂ*sei‘iﬁ WO GFMRiNe ipreidntdescri bed
her e. RI'GERANT CIRCULATI ON OPERATI ON 10 - The

refri gegantg ri?tké&ﬂhé’ﬁt Ha9RELAL! Bk StRACRLESCH, tne dnl¥gN!ion s now
e

descri béd I'gerant citculation operation of the

primary efri ant CUI (1Q) .is the sane I n th fir

embodi nent r%’fﬂ??\’g %‘e’s”%r?ﬁ roﬁ 8$e5#‘ ?155?3 °§é‘P‘@ %? ee %Iq% tHer
refrigerant circuit refrigerant discharg om_t he secondary
conpr essor ?HﬂaSh?l%EEu?ﬁFBGQHftﬁBe chi QeEGﬁE&BFIE§§§§Qé4@5A) qf,he
refrigerant heat exchanger (5). In the refrigerant heat exchanger (5),
the refri gepresenth embodimentefisi potadesciribed: here). exchanges heat with
refrigerant 20 flowing in the primary passage (5a) and is condensed to

REFRIGERANT CIRCULATION OPERATION

10 The refrigerant circulation operation in the present
invention is now described below.

The refrigerant circulation operation of the prima;y
refrigerant circuit (10) is the same as in the first
embodiment, and the description thereof is omitted here.

15 In the refrigerant circuit (11), refrigerant discharged
from the secondary compressor (lla) flows through the
secondary passage (5A) of the refrigerant heat exchanger (5).
In the refrigerant heat exchanger (5), the refrigerant in
the refrigerant circuit (11l) exchanges heat with refrigerant

20 flowing in the primary passage (5a) and is condensed to
change to a liquid refrigerant. Thereafter, the flow of the
liquid refrigerant is divided into subfiows by the flow
divider (11d). Refrigerant in one of the liquid refrigerant
subflows is decompressed by the electric expansion valve

25 (EV-1) in the parent unit (2), exchanges heat with air in

the display case, and is vaporized to change to a gas



change to a liquid refrigerant. Thereafter, the flow of the l'iquid
refrigerant 'is divided into subflows by 8#e flow di vider (11d).
Refrigerant in one of the liquid refrigerant subflows is deconpressed
by the electric expansion valve 25 (EV-1) in_ the parent unit (2),

exchanges EFefrigenandi+ By virtyeeo |%ﬂﬁQwIQﬁﬁkge§ﬂHtlXaPQEéFﬁfé&nb
change to a gas

refrlgerantheBﬁnﬁﬁdﬁnpﬁﬁthﬁunarQnt|@mmbnt2»a$©r¢galednto a sefleetiedsi de of
the parent unit (2) is cooled to a sel ected tenperature. Thereafter,

the gas refuengRiraiunassehéeDEEr, the tdes froPrigegany pasdes ¢hiougand
I s brought back to the 5 secondary conpressor (1l1la). Refri ger ant

in the Oth%hé'ﬂIH#jdéﬁdiﬁﬁ"ﬁﬁﬁdéﬂb(ifﬂﬁ and 1§'Uf96§htnbhhﬁ EBOWhQ'V'der
(11d) passes ithrough the |I1quid l:ow branch |ines (LL-A2, LL-A3),

enters he afép floms into the child freezers (3A, 3B)
5 ?ﬂi éoéﬁ%?ssofn eac%

fromthe paren of the child freezers (3A 3B), the
liquid refrig |s d ressed electric.ex val ve
(EV-2), excha TRLFRe qeRde Pad tpepnas ARt Sinsaons’ T eat
exchanger (3c), and S vaporlzed to_chan as refrigerant.

virtue of $icHded ity gt £1aw d%%&ﬂﬁ?zéf*@h,P@ﬁﬁeﬁnEEHQUSP §§6hléﬂuﬂﬁe

child freezers (3A, 3B) is cooled to a sel ected tenperature.
Ther eaf t er £lidwe branchyakines r (Herd2: ashd}k, ténteyd the parentownitadel.
i nes (A-A2, G-A3), is brought back to the parent unit (2), is
mer ged wit larnd e laiwd eisstal tieé relgtldnfreezéhe (3AwW 83B)gfrgm the parent
10 wunit (2). In each of the child freezers (3A, 3B), the
liquid refrigerant is decompressed by the electric expansioﬁ
valve (EV-2), exchanges heat with air in the frozen display
case in the heat exchanger (3c), and is vaporized to change
to a gas refrigerant. By virtue of such refrigerant
15 vaporization, the inside of each of the child freezers (3A,
3B) is cooled to a selected temperature. Thereafter, the
gas refrigerant passes through the gas flow branch lines
(GL-A2, GL-A3), is brought back to the parent unit (2), is
merged with the aforesaid refrigerant in the flow merging
20 headgr (1le), and returns to the secondary compressor (lla).
The above-described refrigerant circulation operations
.are carried out in the refrigerant circuit (11).
In the present embodiment, the refrigerant circuit (11)
is implemented by a single closed loop. The heat exchangers -

25 {11b, 3c, 3c), which are disposed on the side where

refrigerant heat is utilized, are connected in parallel and



20 header (1le), and returns fo t he secondary conpressor (1la).

The above-described refrigerant circul atggn operations are carried out
in the refrigerant circuit (11). In the present enbodi nent, the
refrigerant circuit (11) - is inplemented by a single closed | oop. The

heat exchamgey arvidndeld bin Ihe 3mdiwvhded]l adesplaposadesn t Aecsirdinghyr,e
refrigerant heat is utilized, are connected in parallel and

38 el Irefifisbnidh h?of nehey 'Péﬂl&éf&hﬁmééﬁeéxcﬁﬁﬁgéé' R8hYis

the requirenent for the refrigerant heat exchanger (5) just to

I nclude a gﬁié’%q{o Fi%s ﬂf? g zqofﬂ' eof”;};é@%a&%.ﬁgégghre of tﬁﬁahg% hanging

t her ebet we enbod rigerant

h f .t t enbod t tiple,
Var oS o dih %éi%&ee °6%%9@hg“ffér%epéﬂﬁéh‘éﬂ&tﬁaﬁger

L.‘

(5) can havea mplified structure.
THI RD Eﬁ/BOHQ\ﬁi'N:Berant he%f%’F‘FhW%’é 5 o8, thetHFPHGEinﬁﬂpﬁéﬁiﬂe&ft t he
pr esent i nvention is now described bel ow. FI GURE 8 shows. t he

third enbodicemntnalf remujresenttiple, i varhousnrefiriperanthpassaigesati on of
the structures of the 15 first and second enbodi nents. Referring to FIG
8, therei nwheretghoilie afefr Bid1rHet Aéat | éRchiAHENs (B) tha havesa(l) and (2)

i n accordance with the present enbodi ment. The reference nuneral s in
the figuregiafpii¥encs bQsbfEd s are the sane for the common el enents.
10 THIRD EMBODIMENT

Referring to FIG. 8, a third embodiment of the present
invention is now described below.
FIGURE 8 shows the third embodiment of the present
invention which is the combination of the structures of the
15 first and second embodiments. _Referring to FIG. 8, therein
shown are refrigerant line systems of the units (1) and (2)
in accordance with the present embodiment. The reference
numerals in the figures of these embodiments are the same
for the common elements.
20 In the present embodiment, two types of the child
freezers (3A, 3B) which are not shown in FIG. 8 are employed.
The first type dhild freezer (3A, 3B) forms a closed loop
with the secondary passage (5a) of the refrigerant heat
exchanger (5) and corresponds to the child freezer (3A, 3B)

25 of the first embodiment shown in FIG. 4. The second type

child freezer (3A, 3B) contains therein the heat exchanger



20 In the present enbodi ment, two types of the child freezers (3A

3B) which are not shown in FIG 8 are engboyed. The first type child
freezer (3A, 3B) forms a closed | oop with the secondary passage (5a)
of the refrigerant heat exchanger (5) and corresponds to the child
freezer (3A3c)Brondealifed him fparsdllssiboei tienthe Hosat | exéh&hgdr (hdb3eodind
type child freezer (3A, 3B) contains therein the heat exchanger

39 (30 c@FHaGetthrt) grclie! (1df M hﬁhéleﬁér&)fﬁ h&ﬂﬂﬁr (£31Bhgof

the refrigerant circuit (11) in the parent ‘unit (2) and corresponds to

the child e5e¥ponds Pt é&%{{%?kmﬁ”@ﬂ) ”8@%?20% bilg™ G 7.

5 ourt enbodi nent
of the presge td illustrated with reference to FIG 9.

el
The parent |t1f§?l ﬁﬁFﬁglﬁPk§%H§ ehbodi nent has a 10 structure different

fromthat of the parent unit (2) of the first enmbodinent. Only
di ff erehces between the structure of the parent unit (2) of the first
enbodi ment and that of the parent unit (2) of the present enbodi nment
are expl ai ned here. The ref ROURRH [EMBORIMENE ed i n t hese enbodi nents
are the 15 sane for the common el enents.
PARENT UNIT A fourth drilsodimertitofnmbhdi present hénpenehbnuiist no®) i s
pl aced in a refrigerated display case. The heat exchanger (11b)
illustrated with reference to FIG. 9.
The parent unit (2) of the presenf embodiment has a
10 structure different from that of the parent unit (2) of the
first embodiment. Only differences between the structure of
the parent unit (2) of the first embodiment and that of the
parent unit (2) of the present embodiment are explained here.
The reference numerals used in these embodiments are the
15 same for the common elements.
PARENT UNIT

In the present embodiment, the parent unit (2) is placed
in a refrigerated display case. The heat exchanger (1llb)
housed in the parent unit (2) forms no binary refrigeration

20 cycle with the outdoor unit (1).

The downstream branch line (LL-2) branched out from the
firsf flow divider (6) is connected, via the electric
expansion valve (EV-1), to a liquid side of the hgat
exchanger (11b). On the other hand, one of the collecting

25 1lines that are collected at the second flow merging header

(9), i.e., the collecting line (GL-5), is connected to a gas



housed in the parent unit (2) fornms no binary refrigeration 20 cycle with
the outdoor unit (1). The domnst& am branch line (LL-2) branched
out fromthe first flow divider (6) I's connected, via the electric
expansion valve (EV-1), to a liquid side of the heat exchanger (11b).

On the othgyjdeangk e Wdat r@x&%ﬁg‘&fl (‘ﬂlb?5 |A8§§r&ﬁﬁli_yl§ret6§b|tﬁ‘é&ed at

the second fl ow nergi ng header ( ) .e., the collecting line (G-5),
i s connect Of si de
of the heaS&exchanger Y‘ﬁ%’f 4 cco$ d? ng %Eglgt ﬁ’e{?hangervvi(tlﬁb?he SutdSor

unit (1), the heat pha éllb% forms a unary refrigeration cycle. .
The struct HRATH ﬁ {§ﬁ¥ t*? S¥fLle(3a 3B, ...) and the 5 connection of
the child freezers (3A % with the arent ni t (2) are not

descri bed her\él'lb%c%‘a%'éc?%?? af ethaechiid §§eezers| r(39he 3B.r =) @sbdiheent .

Three liquid lines (LL-A) and three gas lines (G-A) are connected to
t he refbi garannedision ext htihgechi{iEd Hfeehers103Apr 3Bent.)ewhdhi mivet partmdse
liquid and gas lines (LL-A G-A - extend fromthe parent unit (2) and
are connectwarit o{ 2 hr&ee not déstrdibedchere Hbddauss, they) areRthe gamenias
circul at es between each child freezer (3A, 3B, ...) and the

refrigerantjegie flrsﬁxéﬁi@ﬁ&ﬂheﬁé) 15 REFRI GERANT
Cl RCULATI ON OPERATI ~ The refrigerant circul ati on operation of the

present ?f??gé”fﬂ%uiélﬂ?ﬂbge?ﬁﬁ'ﬁzdagﬂ|QWEee gas 11H3§‘¥dﬂ“ﬂfﬂdfgl

operation of rigerant OW n

connected to the refrigerant heat exchanger (5) of the
10 present embodiment. These liquid and gas lines (LL-A, GL-A)
extend from the parent unit (2) and are connected to three
child freezers (3A, 3B, ..). Refrigerant circulates between
éach child freezer (3A, 3B, ..) and the refrigerant heat
exchanger (5).
15 REFRIGERANT CIRCULATION OPERATION
The refrigerant circulation operation of the present
embodiment is now described below.
The circulation operation of refrigerant flowing in the
heat exchanger (11lb) of the parent unit (2) is the same as
20 the circulation operation of refrigerant flowing in the heat
exchanger (4b) of each child refrigerator (not shown in the
figure). In other words, refrigerant discharged from the
primary compressor (lb) condenses in the outdoor heat
exchanger (lc), is subjected to decompression in the
25 electric expansion valve (EV-1), and exchanges heat with air

in the refrigerator displace case to vaporize.



heat exchanger (11b) of the parent unit (2) is the sane as 20 the

circulation operation of refrigerant floywng in the heat exchanger
(4b) of each child refrigerator (not shown in the figure). In other
words, refrigerant discharged fromthe primary conpressor (1b)

condenses in b QLA atEM o eraf%&@aaﬁefefﬁféerhﬁtsE@bﬁihgdlhoeach
deconpression in the 25 electrlc expansi on val ve (EV-1), and exchanges

heat with a r t a z
a1 it ool TS AR ﬁ*?ﬁ#f?“freég Fe o %é"‘%nﬁzaé’ﬁat
child freezer (not_shown in the figure t he sa E in the
first embodi st suoadingnty B %ﬁﬁyﬁ%ﬁ 01rcu%g fScRPFWePPeezer
and the refrigerant heat exchanger (5) 5 and each of the child freezers S
cool ed to #ash chidd freezemmndithe refrigeranhcheat exghangpr: ka)present
enbodi ment makes it possible to place the parent unit (2) in a
refrigesat ehdliegmlnofddee child | freeziexs obs c¢oeledf togar asllebtal exchanger
(5) is placed in 10 only that refrigerated display case thereby providing
si "ldnfgeith tairdiCt Ur €. FI FTH EVMBCODI MENT
Referrlng now to FIG 10, a fifth enbodi nent of the 15 present invention

i s no“/descr't¥ﬁht§%fWEture of t% PaLERL HRbbA§ALn? mhRR<PHASPIssible

enbodi ment has structure erent fromthat of the parent unit (2)

of the to place the parent unit (2) in a refrigerated display case.
In additioh, the refrigerant heat exchanger (5) is placed in

10 only that refrigerated display case thereby providing a

simplified structure.

FIFTH EMBODIMENT
Referring now to FIG. 10, a fifth gmbodiment of the
15 present invention is now described below.

The parent unit (2) of the present embodiment has a
structure different from that of the parent unit (2) of the
second embodiment. Only differences between the structure
of the parent unit (2) of the second embodiment and the

- 20 structure of the parent unit (2) of the present embodiment
are explained here.
PARENT UNIT

As in the fourth embodiment, the parent unit (2) of the

present embodiment is disposed in a refrigerated display

25 case.



second enbodi nent. Only differences between the structure of the
parent unit (2) of the second enbodi nent 4,and the 20 structure of the
parent unit (2) of the present enbodi nent are expl ai ned here.

PARENT UNI T As in the fourth enbodi nent, the parent unit (2) of the

present enbodipiNibrdhdt SEe K LI-2) refangreat edt dEgpimayhe2firsas€low
42 The branch line (LL-2) branched out fromthe first flow

di vi der (6)(1&'2,30 PNt & aelghé&?e@,l ﬁ%i&%@f@éﬁf{]ﬁvék ﬁnsion ¢E¥vd) ., to

aliquid si t he "heat exchanger e ot her hand, one of

the coll ect('hg'g_lbi nes tahq_tiqqllriﬁde %éé’%fc{f?g fhat h%é%lll&ggggég&s_gg?beagﬁr (9),

I.e., the dl I'ecti ng I'S” connec Sside of the
heat exchan

er (11b). Accordingly, together with the utdoor unit (1
the heat e r?dfé\e‘% band % %fy u%ycpllec'\FA%‘Wi%éP%?iBhagyéFs. 10 (1
The structure of the child freezers (3A, 3B) and the connection of the
child f5eeroldectrd .z the £Xow pergirg header {9) 2) L1ate nbhedescri bed
here because they are the sane as in the second enbodi nent.
REFRI GERANEodlleciiidg AN nePHBI4E), 16 connebhedetoi gegasat sidecofatbe in t he
present enbodi nent is now descri bed bel ow. The circul ation

oper ation ¢fedteldiddfinfdr f(W N | Xcébedinglyhebbgexnbangeth(the) of the

parent unit (2) is the sane as
outdoor unit (1), the heat exchanger (11b) forms a unary
refrigeration cycle.

10 The structure of the child freezers (3A, 3B) and the
connection of the child freezers (3A, 3B) with the parent
unit (2) are not described here because they are the same as
in the second embodiment.

REFRIGERANT CIRCULATION OPERATION

15 How refrigerant circulates in the present embodiment is
now described below.

The circulation operation of refrigerant flowing in the
heat exchanger (1lb) of the parent unit (2) is the same as
in the fourth embodiment. The circulation operation of

20 refrigerant flowing in each child freezer (each child
refrigerator) is the same as in the second embodiment. By
virtﬁe of these operations, the inside of each display case
is cooled to a selected temperature.

Thelstructure of the present embodiment makes it possible

25 to house the parent unit (2) in a refrigerated display case.

In addition, the refrigerant heat exchanger (5) is deposed



in the fourth enbodi nent. The circul ation operation of 20 refrigerant
flowwng in each child freezer (each chil g3 refrigerator) is the sane as
in the second enbodi nent. By virtue of these operations, the inside of
each di splay case is cooled to a selected tenperature. The
structure dh oM yorasantrefhhicgereted ndkepslay passi bthereB§ pvowddiegt be
parent unit (2) in a refrigerated display case. In addition, the

refrigerantsjggati @ aaictile | s deposed

43 in only that refrigerated display case thereby providing a
sinplified structure. ' S| XTH ENBODI MENT 5
Referring to FIG 11, a sixth enbodi nent of the present I nvention is

now descri bed bel ow. Fl ;U resent enbodi nent as a
result of the conbi nati on ofggﬁéﬁgﬁpﬁc Epgngf the fourth and fifth

enbodi nents. Referring to FIG 11, therein sho are 10_refrigerant |ine
systemsdof t hR&KRTIHII (FPtFIG) 1hq fpsixth e gggﬁpeﬂﬁipf(f & PLeSEM Hance

with the present enbodi nent. The reference nunerals in the figures of
t hese enbodinwentsion is mrewtdeseunibbedobelod®.comon el ements. In the
present enbodi nent, two types of the child 15 freezers (3A, 3B) which are
not shown i n IGURE khleshows thpl pyedenthembedimeaty asompressdrt (Ofldhe s
pl aced in the parent unit (2). A closed loop is formed between the
first combination of the structures of the fourth and fifth
embodiments. Referring to FIG. 11, therein shown are
10 refrigerant line systems of the outdoor unit (1) and the
parent unit (2) in accordance with the present embodiment.
The reference numerals in the figures of these embodiments
are the same for the common elements.
In the present embodiment, two types of the child
15 freezers (3A, 3B) which are not shown in FIG. 11 are
employed. The secondary compressor (lla) is placed in the
parent unit (2). A closed loop is formed between the first
type child freezer (3A, 3B) and the secondary passage (5A)
of the refrigerant heat exchanger (5), which corresponds to
20 the fifth embodiment shown in FIG. 10. The casing (3a) of
the second type child freezer (3A, 3B) contains therein the
seqondary compressor (3b) and there is formed a closed loop
between the second type child freezers (3A, 3B) apd the
secondary passage (5B) of the refrigerant heat exchanger (5),

25 which corresponds to the fourth embodiment shown in FIG. 9.

OTHER EMBODIMENTS



type child freezer (3A, 3B) and the secondary passage (5A) of the
refrigerant heat exchanger (5), which comggesponds to 20 the fifth

enbodi nrent shown in FIG 10. The casing (3a) of the second type child
freezer (3A, 3B) contains therein the secondary conpressor (3b) and
there is fornelinaeathsefi thepforegothapgwembotlimendsomdt thhee porfedahif r eezers
(3A, 3B) and the secondary passage (5B) of the refrigerant heat

exchanger (faventbonWaCcplapalesposdscho1iherbererd qahedi ey oWiaw in
FIG O. OTHER EMBODI MENTS

44 E#%ﬁﬁ?%?.?ﬁhthQBz rgﬁ?igggiﬁyg?i%§hb§ %hlh%?ﬁ@f%%aarators

I nventi on, y of ers the chi “freezers (3A

colti gor at of b § aAhd e Il rRr b bk 5?-‘%”(3 tﬁBR()eﬁ%oﬁ%?m&?éd? R

present invention, however, only a urality aof child freezers may be
enpl oye@. ©Other e‘%?d%‘kﬁﬁﬁﬁeOft ﬁEeel?EﬁﬁPBtofmF’PB ignyg froweMeFre OP1F Yl e
parent unit and one or nore child freezers. In the exanple of FIG 6,
the provi siphundalit¥ efii childf frgerersr mayshe gmploy@d.nay be onitted.

For exanple, the exanple of FIG 9 may include a single parent unit
and one or norEorhekdmpileezdhe ekamplle efaflice 3 mayfindlndd (a dimgle
provision of the child refrigerators (4A, 4B) may be omtted. 15

To sum up, paeeRtearit hAUCBheOBri MoeBabAGNAr iFzedzietsl.halin the &xdnfld one
secondary refrigerant circuit of a vapor- conpression refrigeration
cycle is proyigpd. agd ¥AEl P¥dvision of the child refrigerators (4A, 4B)

10 may be omitted.

For example, the examble of FIG. 9 may include a single
parent unit and one or more child freezers. In the example
of FIG. 10, the provision of the child refrigerators (4A,
4B) may be omitted.

15 To sum ué, the present invention is characterized in that
at least one secondary refrigerant circuit of a vapor-
compression refrigeration cycle is provided and various
child freezers and refrigerators are used according to the
cooling temperature. As a result, a wider range of

20 applications of the refrigeration systems of the present
invention can be achieved.

In the foregoing embodimepts of.the present invention,
the plate refrigerant heat exchanger (5) is used; however, a
double pipe refrigerant heat exchanger can be used.

25 Each embodiment of the present invention has been

described in terms of applications to food display cases;



child freezers and refrigerators are used according to the cool i ng
tenperature. As a result, a wider range £ 20 applications of the
refrigeration systens of the present i nvention can be achi eved.

In the foregoing enbodi nents of the present invention, the plate

ref ri ger anhoWegbrexthangeesenk iinvesadorhawy e applicabbebir gther
refrigerant heat exchanger can be used. 25 Each enbodi nent of the
present inygpbkORrh2srPe@Rrationd@yatidars in terns of applications to food
di spl ay cases; 45 however, the
present invention can be applicable in other types of refrigeration
systens. | NDUSTRI AL APPLI CABI LITY 5 As
descri bed above, the present j i f] i,ndustrial applications
in cases where refrigeration#éﬁﬁg&ﬁfmipéggﬁEgﬁBﬁgF g primary and secondary
refrigerant circuits and is particularly suitable for the cooling of
food 5 diSF”Qﬁ,q§§gg;bed above, the present invention finds ,g4

CLAI Ms: 1. Arefrigeration systemconprising a primary refrigerant
circuit (10), imdusdoriddr apptiicafkons ithrcases where refrigeration is

produced using primary and secondary refrigerant circuits
and is particularly suitable for the cooling of food

display cases.



'\
(20), sand a refrigerant heat exchanger (5) for the exchanging of heat
between refrigerant which circulates thrgugh said primary

e fhegtdiag Bddh Replaced
circuit (10) and refrigerant which circul ates through said
refrigerant circuit (20), for the purpose of transferring JWRTW'”"I
said primary ré&hkAIM8erant circuit (10) and said secondary refrige

circuit (20), wherein said secondary refrigerant circuit (20) includes

one first heatlexchangetrigéthtisndsgbtenaTompiasiekPad graatargxchanger (3c)
heat exchangers (11b, 3c) disposed on the side where refrigerant heat is

utilized angMhessidng e%{i‘flgl?iggglowsuglegsaa Fyeerigetanlt SAddiy st and

second heat exchangers and s refrigerant "heat exchanger (5),

et exchangll) ( 9yird HrEEkaSERhy HRAE I5knabity 89 SRR (LG Socona

heat exchanger, (3c) is connected to said _refrigerant heat exchanger (5) by
refri ger antS¥GhRging of hept \betyeen rafrigsxedli whish cixgplates o A
refrigeration systemconprising a primary refrigerant circuit (10),a
plurality dihzeughdaidrprinasyarefrigegang circuil2)(10an@ng refri ger ant
heat exchanger (5) for the exchanging of heat between refrigerant which

ci r cul at es tdfmiggramt dwhpchneiycudategethbughr gaid skepndadtyr ef ri ger ant
whi ch 47 circul ates through each

of said seawEiger&iti gerenit €203 £6r( the bakpoke’ offhdrawsFesa-idlg
transferring heat
heat between said primary refrigerant circuit (10) and said
secondary refrigerant circuit (20),
wherein said secondary refrigerant circuit (20) includes
heat exchangers (11b, 3c) disposed on the side where
refrigerant heat is utilized and wherein refrigerant
circulates between each of said heat exchangers (11b, 3c)
and said refrigerant heat exchanger (5).
wherein said heat exchanger (1lb) and said refrigerant
heat exchanger (5) are placed in a unit (2a), and
wherein said heat exchangers (3c) is connected to said

refrigerant heat exchanger (5) by refrigerant lines (LL-A,

GL-A) extending from said unit (2a).

2. A refrigeration system comprising a primary
refrigerant circuit (10), secondary refrigerant circuits (11,
12), and a refrigerant heat exchanger (5) for the exchanging
of heat between refrigerant which circulates through said

primary refrigerant circuit (10) and refrigerant which

IR s s s e
* C L M S %

REPLACED




between said primary refrigerant circuit (10) and each of saif phwd
refrigerant circuits (11, 12), wherghn (a) a plurality of
seécondary refrigerant «circuit (11,12) are provided, (b) sald

refrigerant circuits (11, 12) are include individual heat exchangers

(11b, 3c) winmmmates1tﬁmnu@hkeaﬂhrefrsaidgseanndahgarefrigerbnted and (b)
refrigerant circul ates between each of said heat exchangers (11b) and said

refri ger aniciieati t<eXQ@WN0E2) { SHoBNEhé ehirPes8nbE Ctranbabesihgt wear each of
sai d heat exchangers (3c) and said refrigerant heat exchanger (5),

e 217, S e 4 S RS pltpelop (B Sk et

one secondary ace toget er with
said refri . heat ;. exchanger and at | east one
i fer ent n&acf%d%me%&?eém ﬁlrsub‘rscﬁﬁi AETomt (33) and s
connect ed to sald refrlgerant heat . exchanger %Srefrl erant |ines

(LL-A, G- A)(ﬁﬁ%ﬁﬁﬂ%g #) ofh BAVEakALH gﬁlgaegafecon &Y ZRETrigegdmiected to
said refrigerant heat exchanger (5)° by refz£gerant lines (LL-A CL-A

ext endi ng faigiauidisl (Al n 12) are prgvidedef epaidoaesgndamivconpri si ng a
primary refrigerant circuit (10), a secondary refrigerant circuit (11),
and a refrimcfidygersst ckcdaiter (15) 12) fheludechndivhdual heat bet ween
refrigerant which circul ates through said primary refrigerant
circuit (l@xdHihgers (11b, 3c) disposed on the side where refrigerant
heat is utilized, and (c¢) refrigerant circulates between
each of said heat exchangers (11lb) and said refrigerant heat
exchanger (5) and refrigerant circulates between each of
said heat exchangers (3c¢) and said refrigerant heat
exchanger (5),
wherein a particular one of said secondary refrigerant
circuits (1l1l) and said refrigerant heat exchanger (5) are
placed in a main unit (2a), and
wherein each of said heat exchangers (3c¢) of said
secondary refrigerant circuits (12) is placed in a subunit
(3a) and is connected to said refrigerant heat exchanger (5)

by refrigerant lines (LL-A, GL-A) extending from said main

unit (2a).

3. A refrigeration system comprising a primary
refrigerant circuit (10), a secondary refrigerant circuit
(11), and a refrigerant heat exchanger (5) for the

exchanging of heat between refrigerant which circulates

R R AR A




refrigerant

ci'rcuit (10) and said secondary refrigerant circuit (11),

[ whi ch circul ates through said secondary refrlgerant C|rcu
(11) for the purpose of transferring hegg between said prlnar ﬁi\
said secondary refrigerant circuit (20) includes one first heat

(11b) and a&hrcsgt sHEd SEcimaryncedfrekgéragtrciBenidi $¢p03edndn t he side
where refrigerant heat is utilized and connected in parallel with each

ot her and Wﬁ%ﬁéﬁf'vﬁﬂéﬁ'tcﬁ:é&llé@é@stﬁﬁé&gﬁnsﬁiahsecondakgfSt and

second of
refrlgerant
first heat

| d
P oaond hoaheih hetde ﬁ%i?spmm recgiganant: ciopedt (AT eRd sl

ri gerant heat exchanger (5) X refrigerant lines (LL-A G.-A
extendi ng feepRRdaxy efrigepaet (opycuit (11)

to said ref

conpri sing

circuit (12)wvhenedin seidugecandahyareéxébémgat caraugit t(20) -

of heat bet

sai d rst and second heat exchangers (11b, 3c) and said

5 t sai d
é%%ﬂ%%géﬁﬁ%hﬁgggg £ éll f%¥rF%%r urpos%e%? g%?ﬂgngg?§%%5 are

erein sai

4. A refrigeration system
a primary refrigerant circuit (10), a secondary refrigerant

ween refrigerant which circul ates t hrough said primary

refrigeranthe&at cex¢hddgeran(lliby e8e) gaiaposeldi oh thecgligiee whiehreough sai d

secondary

49  heat bgd

refrigerant

refrigerant circuit (12), for the purpose of transferring

circuit
each other and wherein refrigerant circulates between each

of said heat exchangers (11b, 3c) and said refrigerant heat
exchanger (5), |
wherein said heat exchanger (11lb) and said refrigerant
heat exchanger (5) are placed in a main unit (2a), and
wherein said heat exchahger (3c) is placed in a subunit
(3a) and is connected to said refrigerant heat exchanger (5)
by refrigerant lines (LL-A, GL-A) extending from said main

unit (2a).

4. A refrigeration system comprising a primary
refrigerant circuit (10), a secdndary refrigerant circuit
(12), and a refrigerant heat exchanger (5) for the
exchanging of heat between refrigerant which circulates
through said primary refrigerant circuit (10) and
refrigerant which circulates through said secondary

refrigerant circuit (12), for the purpose of transferring

ng

f@i(xﬁ'zi)%aﬁaﬂ aeii1ideaanhaccbardebted0inpareailél saamdary

eplaced

Ml

RO RN AW 1

REPLACED

THIS SHEET HAS BEEN




wherei~n said primary refrigerant circuit (10) includes a first heat
exchanger (11b) which is disposed on thegside where refrigerant heat is
utilized and which is connected in parallel with said refrigerant heat
exchanger (5), wherein said secondary refrigerant circuit (12) includes

a second hasatebetwepar da8icd pyinEry srelf spgsesntnciheustdélOwhand said

refrigerant heat is utilized and refrigerant circul ates between said

second heagé@ﬁﬁaaﬂyﬂréfﬁa eY¥dhts dircd£f r (DY ant heat exchanger (5),
wherein said first heat exchanger (11b) and said refrigerant heat

exchanger (%) HErdIfoeid primity £2figeflilt o1 %%e'(aosalﬁca?a)%@d aheat

exchanger (3a) I'S connecte I gerant heat exchanger
refrlgeran LL-A. G-A e d|n fr n|t 2

refriger at it q’yiie c%ﬁfﬂ g @%‘?f g?rﬁbéﬁ%ﬁ ?‘ g*‘? 518)9
secondary refrigerant circuit 12), and a refrigerant heat exchange

for the evhehgyinRfoigerant Hé?%ehs r‘é?ilhé?ﬁn?nahwehcbi F-EuFSP&?"tgﬁr & gh
said primary refrigerant circuit (10) and refrigerant which circul ates
through saiphradderidarith redid geefntgeranti hegat2¢xchangene (Bdrpose of
transferring 50 heat between said

primary refri geierdgini saidtsédonpdany sefrigerantdaiycudftr i(de)adnadiudes t
(12),

a second heat exchanger (3c) which is disposed on the side
where refrigerant heat is utilized and refrigerant
circulates between said second heat exchanger (3c¢) and said
refrigerant heat exchanger (5),

wherein said first heat exchanger (11lb) and said
refrigerant heat exchanger (5) are placed in a unit (2a),
and

wherein said second heat exchanger (3c¢c) is connected to
said refrigerant heat e#changer (5) by refrigerant lines

(LL-A, GL-A) extending from said unit (2a).

5. A refrigeration system comprising a primary
refrigerant circuit (10), a secondary refrigerant circuit
(12), and a refrigerant heat exchanger (5) for the
exchanging of heat ﬁetween rgfrigerant which circulates
through said primary refrigerant circuit (10) and
refrigerant which circulates through said secondary
refrigerant circuit (12), for the purpose of transferring

—_—
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wherei-n said primary refrigerant circuit (10) includes a first heat
exchanger (11b) which is disposed on thesgi de where refrigerant heat is
utilized and-which is connected in parallel with said refrigerant heat
exchanger (5), wherein said secondary refrigerant circuit (12) includes

a second hhaatebetwegsr s@icd mimdry srelff spgssanbncibeuitd¢lo\hand said
refrigerant heat is utilized and refrigerant circul ates between said

second hea@e@b@m@&ge&dfﬁg exhtacfrcitf r (D2y ant heat exchanger (5),
wherein said first heat exchanger (11b) and said refrigerant heat

exchanger (5) “ﬁ{ ecphl[ agfrgld ;bf‘uHQi‘% f:gf}%ge?ﬂﬂt clrﬁ‘ﬁ?ﬁ:e'('iﬁalﬁcigaﬁl%%d gheat

exchanger (3c) uni t IS connected to

e g SR S Q45 PRCE, RSSO, Pk o

primary refrigerant circuit a secondary refrigerant circuit 11),
and a refrN@QQQHPQ§§ﬁ9QSRﬂﬁNEﬁﬁ (5§ wbiliged %R@hHHgFHglﬁfcﬁéaﬁcﬁépméén

refrigerant which circulates through said primary refrigerant circuit (10)
and refri gparaltledhivithcisaid oxefrigevanh beat exebandey (Pafri gerant
circuit (11), for the purpose of transferring
51 heat bet wiseresin dsaid meegondarygeesirtigeranti cigt)itan(d29aiishclswiesndar y
refrigerant circuit (11),
a second heat exchanger (3c) which is disposed on the side
where refrigerant heat is utilized and refrigerant
circulates between said second heat exchanger (3c¢) and said
refrigerant heat exchanger (5),
wherein said first heat exchanger (11b) and said
refrigerant heat exchanger (5) are placed in a unit (2a),
and
wherein said second heat exchanger (3c¢) is placed in a
subunit (3a) and is connected to said refrigerant heat

exchanger (5) by refrigerant lines (LL-A, GL-A) extending

from said main unit (2a).

6. A refrigeration system comprising a primary
refrigerant circuit (10), a secondary refrigerant circuit
(11), and a refrigerant heat exchangef (5) for the
exchanging of heat between refrigerant which circulates
through said primary refrigerant circuit (10) and
refrigerant which circulates through said secondary

refrigerant circuit (11), for the purpose of transferring

* [+ L M S *



wherein said primary refrigerant circuit (10) includes a first heat
exchanger (11b) which is disposed on thesgide where refrigerant heat is
utilized and which is connected in parallel with said refrigerant heat
exchanger (5), wherein said secondary refrigerant circuit (11) includes
a pluralitheat fedtiwesit hemigtrpriBayy whetfhigerant spbxedibn(10heaniddeaider e
refrigerant heat is utilized and which are connected in parallel with one

anot her an@eduyaaﬂy refftfi gerait €ireuiat eglpet ween each of said heat
exchangers (3c) and said refrigerant heat exchanger (5), wherein said

first heat exGhady®in (ddfa ﬁf‘ﬂn&f‘ydreffibéﬂﬁh%“hﬂ@ﬁit%Qb@“&%@l@e@rae

pl aced in a main un|t (2a), ereln each of said second heat

Co oaia 1 A At ?*"a*‘;@% 48} é'ﬂ%y & P#S%#g-‘ﬁ?a? oflotmel i G 7

extending fromsaid naln unj t a refrigeration systemas in
ei ther cl ai'Reregrefyigerant heaﬁh%?e?ﬁlééFﬁdsﬂBGhVPiF a}SceRrReEFLebhdiei n
a secondary conpressor (3b), 52

wher ei n saiRpEAIHY arriytlém@s%fri%yan‘ashaam%ﬁhﬁgsers.(éé ~which is
connected to a gas side of said refrigerant heat exchanger (5) through a
gas |ine (CGL- Ayhexeitn said secondary refrigerant circuit (11) includes

a plurality of heat exchangers_(3c) which are disposed on
the side where refrigerant heat is utilized and which are
connected in parallel with one another and wherein
refrigerant circulates between each of said heat exchangers
(3c) and said refrigerant heat exchangér (5).

wherein said first heat exchanger (1lb) and said
refrigerant heat exchanger (5) are placed in a main unit
(2a), and

wherein each of said second heat exchangers (3c¢) is
placed in an individual subunit (3a) and is connected to
said refrigerant heat exchanger (5) by refrigerant lines

(LL-A, GL-A) extending from said main unit (2a).

7. The refrigeration system as in either claim 2 or
claim 5,
wherein said subunit (3a) contains therein a sgcondary

compressor (3b),

—_—
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wher eicn sai d heat exchanger (3c) of said subunit (3a) has a liquid side
which is connected to a liquid side of szl refrigerant heat exchanger (5)
through a deconpression nechani sm (EV-2) and through a liquid line (LL-A).
8. The refrigeration systemas in either claim3 or claimb§6, wherein
sai d secondar ywhefreigesaid secondaryl ompressar (@bh has ta (Rsgcharder ned
by sequential connection of a secondary conpressor (3b), a deconpression
mechani sm (&Vdd) whighi dsheahnesteanger a( §hle) sided oRighideirdfytigurtanteat
exchanger (5), and wherei n said heat exchanger (3c) of said subunit

(3a) has %Aaa%ﬂcﬁhﬁaew(sg ltﬁreﬁgﬁeat Sfsl Aihd (@A) dmef said
refrigerant heat exchanger l'iquid line (LL-A) and said heat

h 3 ' i d
secondary éo%wﬁ%ég?mg%%@b%a g2 ‘ﬁﬁ‘r?%%‘?% T f“ﬁhrgfﬁ REL IR
systemas in

refrigerant® ciFéHF‘ang'é}"cf"ﬁ&ané§ §°nP§Fft|e§erté’[ Fbr?"tﬂq %‘q%?ﬁfg %%"‘ﬂsel

uak

exchanger (4b) which is connect ed
i n paral | el r@frhasxapat: beatgexrghanges: (SdcAdrgagh (as)dwqurs pl aced
in a subunit (4a), and wherei n said heat exchanger (4b) has a liquid

si de and a mechanism (EV-2) and through a liguid line (LL-A).

8. The refrigeration system as in either claim 3 or
claim 6,

wherein said secondary refrigerant circuit (11) of said
-main unit (2a) is formed by sequential connection of a
secondary compressor (3b), a decompression mechanism (EV-1),
said heat exchanggr {11b), and said refrigerant heat
exchanger (5), and

wherein said heat exchanger (3c) of said subunit (3a) has
a liquid side which is connected to a liquid side of said
refrigerant heat exchanger (5) by a liquid line (LL-A) and
said heat exchanger (3c) has a gas side which is connected
fo a suction side of said secondary compressor (3b) by a gas

line (GL-A).

9. The refrigeration system as in any one of claims 2, 3,
5, and 6,
wherein said primary refrigerant circuit (10) includes a

refrigeration utilization side heat exchanger (4b) which is
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gas skde, said liquid side being connected to a Iiduid side of said

refrigerant heat exchanger (5) by a liqugd |ine (LL-B), and sai d gas
si'de being connected to a gas side of said refrigerant heat exchanger (5)
by a gas line (G.-B). 10. The refrigeration systemas in any one of

cl ai ns 1- 6 connectfesl cim prardl ¥l salth hsadd exefmbgerant 1hbat3excliapger
exchanges heat with air within an individual food display case to cool
said air. (5) and which is placed in a subunit (4a), and
wherein said heat exchanger (4b) has a liquid side and a
gas side, ;
said liquid side being connected to a liquid side of said
refrigerant heat exchanger (5) by a liquid line (LL-B), and

said gas side béing connected to a gas side of said

refrigerant heat exchanger (5) by a gas line (GL-B).

10. The refrigeration system as in any one of claims 1-6,
wherein each of said heat exchangers {(1lb, 3¢, 4b)
exchanges heat with air within an individual food display

case to cool said air.
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