1 REFRI GERATI ON SYSTEM TECHNI CAL FI ELD [ 0001] The
present invention relates gerderally to a refrigeration
systemin which either one of a water-cool ed
condenser and an air-cool ed condenser is used as a
cold heat source to condense refrigerant. This

i nvention rel at es REFRIGHRATIONSYSTBEM2 t echni que for
the return back of oil to a conpressor of such a
refrigeration system BACKGROUND ART [ 0002]
Refrigeration systens, used for marine containers et

cetera to provide cooling of the inside of the
TE@EﬂFH?ﬁEﬂ”%Hﬁ%artnents, have been known in the art for

many years. In a narine-container refrigeration
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sel ectively in response to cont Zi ner installation

her in an air-cool ed operation node in
BA%{%@&%& rigerant is condensed using air as a
cold heat source or in a water-cool ed operation node
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the g%r fatg a col d heat source. [0003] More
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suppliable wth coollng water. In addition, the
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(60)t (ba: Figoiend)t y Thé rdfhiger@anenia(6V) ihdides a &&.ﬁﬁéﬂso}/\(@'? dGir-cooled

:’J{gﬁratl on system operates in the air-cool ed
con b Wlercoolgdocondenser (h3).can destromirsenpansion vaisy (64);1 and an
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air-cooled condenser fan (66) is installed in the vicinity of the air-cooled condenser (62).

On the other hand, the water-cooled condenser (63) is configured such that it is suppliable
with cooling water. In addition, the evaporator (65) is arranged within the container

compartment. An evaporator fan (67) is installed in the vicinity of the evaporator (65).

[0004]  When the refrigeration system operates in the air-cooled operation mode, the air-
cooled condenser fan (66) and the evaporator fan (67) are turned on and the supply of

cooling water to the water-cooled condenser (63) is stopped. After refrigerant compressed




2 in the conpressor (61) is sent to the air-cool ed
condenser (62), heat exchange?takes place in the
ai r-cool ed condenser (62) between outside comnpart nent
air supplied by the air- cool ed condenser fan (66) and
_the refrigerant, and the refrigerant gives up heat to
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DISOEOSURE OYWTHE DPVENTIONEl ectively either in the
air-cool ed operation node or in the water- cool ed
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the air-cool ed operation node than in the water-cool ed
[000fkr alnadentaliye the rate of heat exchange of the air-cooled condenser is generally

lower than that of the water-cooled condenser. Besides, the air-cooled condenser is larger
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in size than the water-cooled condenser. Consequently, in a refrigeration system of the
type which operates selectively either in the air-cooled operation mode or in the water-
cooled operation mode, the amount of refrigerant that the refrigerant circuit requires is
generally larger in the air-cooled operation mode than in the water-cooled operation mode.
Therefore, the refrigerant circuit should be filled with a specified amount of refrigerant

which is an amount of refrigerant required in the air-cooled operation mode. However, if



Therefore, the refrigerant circuit should be filled
with a specified anount of re¥rigerant which is an
anmount of refrigerant required in the air-cool ed
operation node. However, if 3 the water-cool ed
operation node is run at that refrigerant filling
thegwaigrrcooled operation geedenis rum jat Ithat gefigetant filingameunt, the refrigerant
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high pressure from increasing during the water-cooled operation mode
MEANS FOR OVERCOMING THE PROBLEM

[0010] The present invention provides, as a first aspect, a refrigeration system which

comprises: (a) a refrigerant circuit (10) in which a compressor (11), an air-cooled



hi gh pressure fromincreasing during the water-cool ed

operati on node MEANS FOR OVERCOM NG THE PROBLEM [ 0010)

The present invention provides, as a first aspect, a

refrigeration systemwhich conprises: (a) a

refrigerant circuit (10) in which a conpressor (11),
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[00d1] cUiThe ffigeration Byste® of theSfuRPaspect[dpedatds sERRtively either in the air-
refrigeration systemof the first aspect operat es
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[0012]  As mentioned above, in the water-cooled operation mode, the refrigerant in the
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refrigerant circuit (10) is in excess supply and, as a result, the refrigerant pressure at the
high pressure side tends to increase. Consequently, although the degree of opening of the
electronic expansion -valve (14) of the refrigeration system of the present invention is
regulated basically in response to the degree of superheat of the evaporator (15), its degree

of opening is forcibly decreased to thereby inhibit the high pressure from increasing, when



cool ed condenser (13) is used as a cold heat source.
[0012] As nentioned above, i the water-cooled
operation node, the refrigerant in the refrigerant
circuit (10) is in excess supply and, as a result, the
refrigerant pressure at the high pressure side t ends
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drops, thereby neking it possible to make the high
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refrlgkdnkt JSY ﬂk@\@ﬂ&lﬂtc& r(?S);1 @&{tinQ@{ ‘E”d"}e dif GBbde Q]s%%cﬂeﬁ ldegree of

increase to elimnate t earmun
superbeairfar aipredeterminedqemod ezfémne (and )ther{ Ofrisign THeaaipeasedtondenser
fank% ention provides, as a second aspect according to
first aspect, a refrigeration systemthat is
characterized in that the controller nmeans (40)
[00Hdt er I the sectchndtaspd:du of theef pregpat antention,cthé abnditiom imvdic arfount of

in..sho e of su at of the
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refrigerant leaving the evaporator (15). In other words, it can be estimated that the amount

of refrigerant flowing through the evaporator (15), i.e., the refrigerant circulation amount,
is definitely in short supply if the degree of superheat of the evaporator (15) continues to
remain higher than the specified degree of superheat. In this case, the controller means

(40) controls the air-cooled condenser fan (21) to turn on to thereby lower the high



superheat for a predeterm ned period of time, and then
turns on the air-cool ed condefiser fan (21). [0015] In
the second aspect of the present invention, the
condition that the ampbunt of ~circulation of the
refrigerant through the refrigerant circuit (10) is
Prespregol thesteBigerany wivcyiti(h0). t Ae awesalt, -it betcaaksomssibtel nincrease the
€.l t erm ned based on the degree super heat
oo e Bhe R A LBRET, SIS CSae g GHBSHSR amount of
cirebla€ion WITtHS refrigean tHGus e Rhfsbrid Alirchil {18 RURkrea®dd to thereby
refrigerant flow ng through the evaporator (15), i.e.,
elipppate e lngjeptihe anionsiofaetugnoihtrthacompressatdli)ni tel y in
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08MAP O BicOpre fchP InveRSA PR i | i
[ sgﬁgci.fi eegIB degrene' of1 sEperﬁg’%s.gﬁgmtaﬁP%ggcgoé?&?ﬁgtﬁehﬁm aspect, a
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the refrigerant circuit (10) is increased to thereby
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.conpressor (11). [0016 e present inventlon
cirgilatjordekthe gefrigerant thaougipthe refeigerentéingyitt (40} isdefrigriatshort supply in
t refrigeration syste hat. i s characteri zed
SRR pofg SRS D GBRHAR PhE b AEBLAES 5 hoag of
eler@bit @RpaRiorC VA0 (Bl O GHBURGrdsSiticAn PR YstimattBRthit fht refrigerant
t he.degree of opening of the electronic expansion

cirguiptien arpgyntdp definitaly 1k shortmply ifcthe degres péopéning of the electronic

. Cned od ti .

exiiofi el (17 Ebilthuet & néhydil BEBUET HERREhétEs, Of operine. n tis

case QO 7dontmollehmebis (40) appecks thé aﬁh@olbﬁecsuﬁﬂénsbﬁwgl? Re turn on to
nmoupt of circulation o he

the condition that the cir, ‘
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opening of the electronic expansion valve (14)
[00d8ht i Tbepresent veitionoprowvides, s asfoarth faspett degrdiag eb any one of the
epl.ng.. In this. case, the contrqller peans (40) _
firsp 0 it aspecls, s reirigasaiantivstsauihat is asaeterized in ghaf fercagapressor is
forined by AbERYeskRVR L) sftBe BBl typeeSsure of the refrigerant
circuit (10). As a result, 't becones possible to

Lpcrease .t he degree of ening of the electronic
[OOZ%ans rbﬂlevgqu‘l;rglg@gst %&%éggse%t invention, the scroll compressor (11) is

employed as a compressor which is connected in the refrigerant circuit (10). Generally,

compressors of the scroll type such as the scroll compressor (11) have a feature that the
amount of refrigerating machine oil present in the discharged refrigerant is great as
compared to other types of compressors (for example, reciprocating compressors). That is,

in the present invention, the lack of the amount of return oil to the compressor (11) is



t he amount of circulation of the refrigerant through

the refrigerant circuit (10) ¥s increased to thereby

elimnate the | ack of the anbunt of return oil to the

conpressor (11). [0018] The present invention

jgr ovi des, as a fourth aspect according to any one of
cfiggtévely eliminates] inhihe demdlpamipressar (I rvitgel &t kiae &Y 8&1888e, especially
W H%e's § arfacteri.ged in that the coppressor is

Oriedhert ot CHmr asedhe pampressor (g isuy short suppls. [ 0019]
In the fourth aspect of the present invention, the

ARYANTAGEQUS EFFECTS DF FTHEINVEXTJONs a conpressor
which is connected in the refrigerant circuit (10).
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lWhif‘g N é |i abl.e to damage, especially en the anount
valye (14,13 Arcrepsed, the refBgersiticsiation amount bedomes [defitient. As a result,
thefRRhY posAOMANFACEELS, RufFoil K MYENTLON 1,992

Int hepgf esent | nven |(§]r§1l,l:§|9g em%/vgl:{ e _copressor hqs) afsh becomes
defipirnt a Howeven tietht Ipatsentdneksitivn, thauieoolcd@ohd@Ber hs $24'i€turned on

o.increase. the degree of opening of the electronic
whitle SEhGRRG eiyeliation imquat s sbarBiRgdde op én ot MppishConsequently,
it i o5 i . _ : tie
T s U e ettt AT el Jgvrp and e

degresr of; qpsnmgtof dhe elegtronic @pansiomvalve (Bt shn e tireaed. Accordingly, it
: ] g t ot her hand, en e degree of
s PN VBl e TR P Bk ispiRCgR o] the pjecrant through the
refriflecant aiveult (100 o thefebly @58 h sGfffcidtk BfnbORt &‘Q&Hﬁ-} i -
11defilgli ent. As, resZI,t, there is the possi |?l?t&§@'tgﬁg{npressor
(11}, sunultaneansly, withaqreyenting (the ligh meessernmf dbs efrigerant ditesis (10) from
inc,@&ci@érﬁﬁan ] However, in the present invention,

t he ai r-c%gllge élg‘g‘}ne(i:[enser fan (21) is turned on when
OO#ﬂe refrigerant circulation amount is determined to be
[ sH&E: 18 ihpsspondaspeeipfahe piesentiinventionthe piratodledicondmser fan

! i T oui b
@1PISORnRg°o i e Healgdtof SREHE B the Pvabttalos AL etimes to remain
aboesx fenspiecified adegree (df“gupertBatb €ThiS Ah&@3oes makes /I sHsSiBleY 1o hdcurately

[ SSi to elimpate the |ack of the anmount of
deteg{hE fock ‘?qjéﬁe BWOWQT%FW?‘@% efrthe rofrigergnt threugh the refrigerant circuit
10y whére i i er nsur.e e
O e o o Iﬁﬁoﬁﬁy& plobfl of ferlull 4iP gy%'l%eg"g%pr{ﬁ%gg LD is eliminated
without fail. Jnpdditiendo ustordatice twifir the préstmdntdigioh] 6 seis8s S ®Rtection

of tftf dé&ge 5FJurp|e§1%ar1tach thé Ie{rgp%lre{tor( (]1%3 czfn{ gén used for superheat control of the

electronic expansion valve (14) and as a detection means for detection of the lack of the

amount of circulation of the refrigerant through the refrigerant circuit (10).

[0022)  In addition, in the third aspect of the present invention, the air-cooled condenser
fan (21) is turned on if the degree of opening of the electronic expansion valve (14)

continues to remain below the specified degree of opening. This therefore makes it



increasing to an abnormal level. [0021] Here, in the
second aspect of the present #nvention, the air-cool ed
condenser fan (21) is turned on if the degree of
super heat of the evaporator (15) continues to remain

above the specified degree of superheat. This
PopsiRle dp dpadilyaiedest ithe Jpek if the amountcafinimulbsitipn afdbe e¢fribhant through

' [,at f fri
L I

(11fis edsilyadimindtedf return oil to the conpressor (11) is
elimnated wthout fail. In addition, in accordance

j~th t resent invention,.the sensor for detection
[Ooc??ﬁt he ‘degre& cof* %%B‘éﬁﬂ%%?"l%ftﬂ? frardaspestaf ghe presyntaavention, the
lackerfuke dmbasit SUuRREH %ﬂtreﬁzgﬂffnﬁ%e Qirofl Q?mg?és?&t(ggmhgl% especially tends

expansi on val ve %4) and as a detection nea
10 Bt sharbpunply ehesfiigerkting mathine aitosielimifated whereby tienefcts of the

s ef 1 hr h the refrigerant circuit (10).
ﬁrs{t 5%%’]% #h&ggd %F gﬁe’sgxﬁﬁmﬁ@m{a ??F?‘Hn‘g@ﬁécc‘fm’g*’dt he present
invention, the air-cooled condenser fan (21) is
BRIFFRESCRIPTIONOTSEHEDRAWNGEng of the el ectronic
expansi on valve (14) continues to remain below the

[002AFCiThitRdadagige of opening. This therefore makes it 8
possible to readily detect the | ack of the anmount of

Fi Ci rﬁuJ ation of the refrigerant through the
18955 i Het é’ﬂfmbﬁlpg lingram1 dlusigatinge b \simplafieda s¢heafatit haonfiguration of a

reﬁ@%@% t ol Q : ressor (11) is easily
elim r{laétgég.ﬁ‘ie %‘%ggi‘ﬁé Jﬁu%)t%%%gn%f eé%{E%f’PEj Q% t h t he
. fourth aspect of the present invention, the [ack of
Fi oo chart dusiatingsiontrokbeperationdgot ireelsctrani¢ expansion valve;
conpressor (11) that especially tends to be in short
Figatelsys QhteltRhbitio deigrid ofBE BirtSoRl!col | g ki
wher eby the effects of tohe @g@tcgh?%ﬁ%ﬂd%%gggvg*ter-cooled
operatongpedsant i nvention beconme nore marked. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0024] In the draw ngs:
FightieGLisea flowSchart RilsHabing cOhP pabati LDga :
simplified schematic %c?ﬁ'?t?‘gu at :ughlégp{egﬁlh?g“fh r Péae(%egtoisto?f’eranon
modgissatedccor di ng to an enmbodi ment of the present
invention; Figure 2 is a flow chart illustrating
Fig@@'8tik Q!fl P AL 105t | i St sl &S
Figure 3is a Sstate ? rcgﬂgfat@%%art@ﬁaagtrhgﬁn&g ofétﬁansmon {£6m a defrost
opeggiion asledd a votetewsked dparatidnmotdg; andnvat er - cool ed
operation node; Figure 4 is a flow chart illustrating

Figierg iPla ARRLALY 8 Hﬁ‘xfsn’ahHE a\/\gﬁ{;})li?ieg LSt ORS: 1gtuirzﬁlr2m of a

conventional refrigeration system.

DESCRIPTION OF THE REFERENCE NUMERALS
[0025]

1: refrigeration system

10: refrigerant circuit

11: seroll compressor (éompressor)



node is started; Figure 5is a flow chart illustrating
control operation at the tin® of transition froma
defrost operation node to a water-cool ed operation
node; and Figure 6.is a plunbing diagramillustrating
a sinplified schematic configuration of a

12¢3meesled eondensest ri gerati on system DESCRI PTI ON OF THE
REFERENCE NUMERALS [0025] 1: refrigeration system

13 10 atef-8d1tPEdREsepl rcuit 11: scroll conpressor
(conpressor) 9 12: air-cool ed condenser 13:

wat er - cool ed _co;ﬂenser 14: el ectroni c expansion val ve
149gectpopic,Rwangen ¥alve o r - cool ed condenser fan 40:
controller (controller neans) BEST MODE FOR CARRYI NG
15Q@vEpdiafor] NVENTI ON [ 0026] Hereinafter, an enbodi ment of
the present invention will be described in detail
W.th reference to the acconpanyi ng drawi ngs. [0027] A
21'raé’f'?(i’°d%‘¥%% GHCE Y em (1) of the present embodinent is
to provide cooling of the inside of the conpartnent

40.gfonrolartaitrodler friegeng)se in marine transport or the
like. As shown in Figure 1, the refrigeration system

BESTMODE IR CERRMR O THEISVENTIN | o' opbrate a

vapor conpression refrigeration cycle. [0028] The
[0026F r i Hercimafton anyembeordinet ofithe pobsent invenition veidlskndésatibed in detail

. ' , conpressor .11), an air-cool ed condenser
mtﬁ?%&“gg&)atpgggcgﬁqag&mggﬁaaéﬂg r (13), an electronic
expansion valve (14), and an evaporator (15) which
(0027 chmefegenrstion syssam (Bof thfr2Sint Tmbodiarent e grovidd dodling of the

e L B S5 BB b e o e, s
in Fipureng et igdrattor! yStefPI 3¢ brRffed vith &réfrig@3he8ircuit (10) through

which refrigerant is circulated to operate a vapor compression refrigeration cycle.

[0028]  The refrigeration system (1) includes, as its essential equipment, a compressor
(11), an air-cooled condenser (12), a water-cooled condenser (13), an electronic expansion

valve (14), and an evaporator (15) which are connected in series.

[0029]  The compressor (11) is formed by a scroll compressor of the fixed displacement
type. The air-cooled condenser (12) is arranged outside the compartment. An air-cooled
condenser fan (21) for supplying outside compartment air to the air-cooled coﬁdenser (12)
is disposed in the vicinity of the air-cooled condenser (12). And in the air-cooled
condenser (12), heat exchange takes place between the outside compartment air supplied
by the air-cooled condenser fan (21) and the refrigerant. The water-cooled condenser (13)
includes a container member (13a) formed in a cylinder shape whose both ends are closed,
and a heat transfer pipe (13b) used for cooling and disposed within the container member
(132). Connected to the heat transfer pipe (13b) is a piping line for cooling water. And in
the water-cooled condenser (13), heat exchange takes place between the refrigerant which

has flowed into the container member (13a) and the cooling water flowing through the heat



condenser fan (21) for supplying outside conpartnment
air to the air-cool ed condens (12) is disposed in
the vicinity of the air-cool ed condenser (12). And in
the air-cooled condenser (12), heat exchange takes
pl ace between the outside conpartnent air supplied by

tr%nﬁ@ aripe dddbkd Twiitenerey tharcof@iger anembére (13" b0 &e2Mater-cooled
i ncl udes a cont ai ner

coole con ens
COIH‘%JS Eﬁéﬁ‘i"e? 8rR&d %Péwﬁa & serage ofvmershistismid refrigerant in
therdtg@rhst ican erh). and a heat transfer pipe (13b) used
for cool | ng and d| sposed within the contai ner nenber

[Oé ected to the heat transfer pipe (13b) is a
?@ g hP| U’P%‘P XBRIsIong aliet @) is Apufigured sk that its degree of opening

is WLSEbIEOqHE Qie%ﬁrg :35 gﬁg‘{lﬁlé éﬁtl)hg ﬁ%%ﬁgglgf)%?{g&l% eaﬁz 18 regulated n

between the r

respenscationtbe dagneb ef sfptizgat af thetdvapear i( I‘%bﬂﬂtﬂéﬁ rr%f%lgié&‘ﬁaggpressure on

h the heat f
th‘{ ﬂeg F%H %éfde ﬁ‘éfrrI]j"é Ie 1%2%2“%%&%& ehecéesnibsiof the operation of
contesltSs HRS ddghed) ofSEelifig (ﬁltﬁ@e@ réhid E%gwﬁ%%ﬁjﬁeﬁét) 90 be described

storage of surplus liquid refriger
1af?refTheg@faamatcu' (L B)uis tarraaged, W{ﬂ‘ﬁﬁ&ﬁé cafiginéy @shp@Mment and constitutes a

fi d h th
(2 gédtg cﬁgrxé\éfe rférld' %vuiaé: 8}2}9 c gﬁggetg ,ogghlggc?)mpartment An
evaypeatbnfn Q22)tfbﬁ51q:|p!3ﬁﬁg PRide cB Qﬁﬁhﬁ’trhnv 3 the e(raén%%atbls(ﬁ} is disposed

r.eg ulated in response to the degree of su
in {l}?e"‘é%% e eveppmgton (kF)+ hand &f thegarapontatqmr(QS)s thiegt @fthange takes
t.he r frl erant circuit

Pl BE 5530 Sl A b PR BLEY by @Rond

rfdgtgamie of opening of the electronic expansion val ve
(14) will be described Ilater. The evaporator (15) is

[009'1 z?gt s fé\ésotléﬁoﬁ%{é%? W‘hgﬁ’{' éigor% 68 n(p rvag\feﬁlvdz}@e connected

in thgo‘eﬁ@rami cirbait i(1BI d'l?hé)ﬁrstt RBleQSRAPAIYATREV.1) AP disposed ?etween the
for supplying inside co artme

to
watgf F&%ls(? ngeg%'g{ﬁ)@pg ithe eleptranis qupgmggmdalvc (ﬂét)h dhe second solenoid
valYe SSViBs disgolie B ARBRBLCFint 120), ofd Epl B ViR 15 BRfEeRed to the

eat
csidefithe sompeassp| (1 la)da:idythé bthee Eﬁd) ef %R:h it 3Bnre€2l to between

refri 031] A first solenoid valve
the?%?}ni c§W51°§g'&[Yﬁ2i@cﬂ[“gﬁ]Eﬁ?}'aP‘a'{% A¥v-2) are |
connected in the refrigerant circuit (10). The first
(00225 enédditwmllyea(pﬁ){aﬂl)z df SeabiofPars @PnietedBiANthé Rrigerant circuit (10).

d d 13 dth |
MollELRERR Bn Biaera cramie(iby awenidor &S%E%Esm sensor (31,
high pésstire sénsBf (29 SH1kva Po %Op m@tSS%n f@%}( and %?/a]%ecH or out]et sensor

which is connected to t dISC
(34)Co$hp(]@mpssprpés)enmd3l)he catrieetedaod sﬁéhdﬂ]mpiihgllﬁle of the compressor
(11 9d it 18T Fi e refrigerant pressure on the low pressure side of the

refrigerant circuit (10)). The high pressure sensor (32) is connected to a discharge piping

line of the compressor (11) and detects HPT (i.e., the refrigerant pressure on the high
pressure side of the refrigerant circuit (10)). The evaporator inlet sensor (33) is connected
to a distributor on the inflow side of the evaporator (15) and detects EIS (i, the

temperature of refrigerant flowing into the evaporator (15)). The evaporator outlet sensor



the el ectroni c expansion valve (14) and the evaporator

(15). [0032] Additionally, atplurality of sensors are

connected in the refrigerant circuit (10). More

specifically, the refrigerant circuit (10) is provided

with a low pressure sensor (31), a high pressure
(Ms)emsammn@csej to dre ewtflpor silonfitht evappeatso(15) BN, dadtts BOS (ie., the
i gorat or put | eb sensor &3; The | ow pressure
er%eﬁ Gre Qtagingewant dawing ap of thegvaperatos i3 pi ng | ne of

the conpressor (11) and detects LPT (i.e., the

(00381 r | gFhanéfriperasion rs?stéfﬁ ) Guriiesy 1@&1&@@% oritidiRr Q40)td3€a controller
refrl erant circuit (10)). The hi pressure sensor

méens) The centiollet (409 is @n&gare@cﬂﬂah gut gmﬁm@ the detectisin signals from the
sexfsgiégggfsﬁ:’ r33( étb) arﬁlrk% &e'itec%hﬁoﬁaﬁe 9 glromic %Iﬁ]gan;s@%r ) g %i, the fans

ure’on’ t pressure Si

(2h|22);w]ndso@elﬂ)dvalﬂ'm5@\‘]3,r8¥-a§efcelteﬁhet sensor (33) is
connected to a distributor on the inflow side of the

mt d detects EIS (i.e., the
enperat(zél?éﬁkf%(ﬁn gerant flowing into the evaporator
[0(1(;315 ). The evaporator outlet sensor 11 (34) is

4hneEhexsfrigera sofsmeml (d@\/i@od@nﬁ"gulteﬂes m/agpmatatsdect(vb@ e1ther in an
ature of

t EOS
s PO P OB T b B SOS) JOPeEB podh eBending on the
instatibfibipsibatibs Bf SheSdontRinet) Furhbedre] HE lréfﬁ?@raﬁoﬁ: Q)Fkttélﬁ’gi)ei% capable

(40) as_a controller neans. The ‘cont r o
of epssfting inca) defiest oppration sandg iprwhipke defzestiogiio ncasmgﬂahsi by melting

nelSATLR: BRIt e T aorpter, o

ofmesbope&)mnmeswmm@d\mumﬂ (SV-1, SV-2) et cetera.
MODES OF OPERATI ON [ 0034] The refrigeration system (1)

erate selectively either in
AIRSC@% Eﬂgg%%ﬁg‘é@ alﬁbolgﬁm)de or in a water-cool ed
geratl on node depending on the installation
[0035} uat Jnothe cfir-¢ operafiore modey thehair-nooled com@nser fan (21) and the

e 38 20 ST SA 5 FEER a0 B b

the amamﬂoﬂezlhadldbﬂseml:!)l i Qt(%ﬁpB@ fIh Qstkher ORordE SinSHE faﬁ%ofgd operation
he h at transfer pipe o he evapor at or

mo alion @ysle, in phiothents thpeiroplsd oo @2) serves as a cold

heaf! ?«ﬁﬁﬁé he gPéeregetIg Additioh Rm%pcogf%ﬁé:era%n otg 02k solenoid

caool peration node alr-c
Valm:(ﬂdéh)sm ropémad Wil oxathd othee hand/ ﬂﬁ@éﬁirﬂfsofeﬁﬁld(\m\)e @Ve2) is closed.

FarlpgEm ey Dcdediectof CHERDS. LGS Sle6EPE] TORIRDENS Ud) i seulated in
responSPRAte differélcB BerWith e tehipeldifte Yeleced Byt AREEALIrMitlet sensor
(34) and the temperature detected by the evaporator inlet sensor (33), i.e., the degree of
superheat (EOS — EIS) of the evaporator (15).

[0036]  Upon operation of the compressor (11), refrigerant compressed in the compressor
(11) flows into the air-cooled condenser (12) in a state with the air-cooled condenser fan
(21) turned on. In the air-cooled condenser (12), the refrigerant gives up heat to outside
compartment air and is condensed. Thereafter, the refrigerant flows and passes as it is

through the water-cooled condenser (13) in a state without the supply of cooling water, is



node, a refrigeration cycle, in which only the

ai r-cool ed condenser (12) seriZs as a cold heat

source, is operated. In addition, in the air-cool ed

operation node, the first solenoid valve (SV-1) is

opened while on the other hand the second sol enoid
dq;zamgesqu\,dg)ng pasedgedbrbugh Fhe ¢lhetranic expankiendedves@4pfand flows into

thrg ge%g*)&?t (|1r§1j1e Ig S@gge;v%%rgtq?ﬁﬂgg -Sthf: dE fglg\é?% eq]f)ﬁgrgﬁ hegle from inside
cohﬁjmﬂ[e@t bl andl &f SabeRtddY ANErRUR Hﬁé ?ﬁsﬂ:fe (ﬁt{fn]-: 96nt§1§9158)rmpartment is

and the tenperature detected by the evapor at or
ccao}ﬁdet T&@nsecfnge(rgm) evapoeated fimghel eyepaaf (1Superdast 6H08nd again

n}_ﬂ?{;sﬁgdﬂﬁhéhg r or (15). [0036] Upon operation
e conpre fﬁ refrigerant conpressed in the
ressor (11) flows into the air-cool ed condenser

W RiCOQLEDOPERATTONMODECO0! ed condenser fan
(21) turned on. In the alr cool ed condenser (12), the

[00 Jr' e iR, t9x' Dtl(g)deogﬁt’]t%.% ggl?‘lF ?o rt F\})a‘}agrartor fan (22)

is con ense erea ter
is amnbckmsﬂlemramoidd dondertshr fan @ )tib stoppd s Emd?ﬂ@ sﬁﬁplfy of cooling water is

13) in.a state without the supply
i R Ebapi copled Sondeegdhbr doauisr g féswgesooled operation
mady] Qmﬁéﬂﬂﬁo& ERAE iR Wh‘(‘chetgi'ﬁﬁpfé \Qﬂeﬁ’ 'Alo1& é ﬁ)ense??%?fservEseas a cold

into e evapor at or € evapor at or
hea@pprcgexsmpram dnladditient infthowaiensosled opaaton imddetth@fifst solenoid

BB Y P3N CRSIsR Pblnumi obeE Bcshe SSnd BeneidaplifesV-2) is cloea.
| Fuethamrratmel dofreb 0F opUARPLAUR clecthid S WA Valleq18/f regulated in

agajn conpressed I1n the conpressor (11).
Prigpipiem reproneTe tho diffgrenas hehweencthe detected éempayetueet byothe evaporator

ol 3 LB B SRR b ) 5,

degbopﬁa@zrl&aﬁ(ﬁ(bﬂa—m@]ﬁfyh@éva@efdmﬁ(gsyvat er is provided
to the water-cool ed condenser (13). In other words, in

(0038, eBb&! oo/ 1Re t i Siher B cisiTatr shrroesa T fag compressor

(63 %) eﬂomn&st}ﬁ anebdbled‘lﬁﬂideﬁs&bl {EX). inisSstR Vit 8- ait-Pooled condenser fan

Zﬁdd't'%fggh r-cool ed operation node, the

( | 6(6&89@% OWSWQPaﬁSes @ﬂoxén-‘ealrwah the @ir-cooked condenser
|

(122%}1@ AN e ﬁ%g%bﬁleﬁoé ?B&ﬁsgr Yﬂ&\{xg s t%{e %)é‘he@ifc 0813 of cooling

urt her nor e, ee of openrn

watgx pamsdem Ilaﬂlcemﬁtmaocled caglehser §13), the ngm%&mtnl %vésnup heat to the
etecte

hesPY) the re ebtvveent e
°°‘t'é’§-p ﬁyc‘l 8“ er, Jhg I%E‘%% df degoppprenved during
pask tﬁﬁu Bﬂﬁﬁjelé&f&ﬁfé%)ﬁﬁﬁ ,w 1 V

séegr?sor i 0eg? eeao %@g!a eatd %E&AP orator (15). In
thegqxgpoqgfort ﬂé),etmpwfxagegmt(at@rbs heat from inside compartment air and is
evaporated. As a result, the inside of the container compartment is cooled. The refrigerant

evaporated in the evaporator (15) is drawn into and again compressed in the compressor

(11).

{0039] Due to the difference in the rate of heat exchange between the air-cooled
condenser (12) and the water-cooled condenser (13) (or other parameter) in the water- and

air-cooled operation modes, the refrigerant circulation amount required in the air-cooled



[ 0038] Upon operation of the conpressor (11),

refrigerant conpressed in thél&onpressor (11) flows

into the air-cool ed condenser (12) in a state with the

ai r-cool ed condenser fan (21) tuned off. The

refrigerant flows and passes as it is through the
OPS§T3tioBoBIOdE iSoBrestes ethan (tha) requirefll owghé nwatet-buled operatlon mode.

T W B
as Canﬁpréeﬁ&ﬂfarﬁdlﬁﬂ of lrbffigeRint, | QY BRireféRmt Rclieqd (”t & B q'efrlgeratlon

cooling water and is condensed. Thereafter,
SYFté‘Flrﬁléjé’if dbr preserd comhogimaent e Hatbevengif the sategeotled apgiation mode is

opkﬁgedgzl\} Z%até ?%?18&:1%{1(@@111& :aﬁx%u%/l l e &&g%ag} gﬂgl'{g];_%lj?(\)ll\ﬁl[t hgct:o%es excessive
relatife t@eicardquirbd Qéﬁ?i%eﬂﬁﬁhxrf:lil@tﬁﬁﬂ B, C%W"résﬁﬁnglﬁgiﬂs refrigerant

« evapor at ed. a result, the inside of

fﬁgrﬂsiﬁeﬂ ,(ascgﬁﬁgc} trhﬁm Inflgstey) Sir ehgcurFhlates g rtheyavatanicooled condenser,
d

lea% 25 Coﬁ‘prsgﬂglétggﬁaﬁﬂ?ﬁlgﬁ o%%l}r(éziogzstllc e rigrle)?w%[c 6l§gj-nabdrécrease to an

abnm‘lnahhevdlfference in the rate of heat exchange between
the air-cooled condenser (12) and the water-cool ed

d . t wat er - )
R L L R A AN N —
thecde@ed af bpeniggoflthe dlﬁﬂwn[oeékﬁaﬁs&ﬂ QraBr'er(EW((hg}jlsjﬁ% %onUolled as to

erathéébpmnde IS greater than that require
TEEFUEHEPRIINGRASRAe. an abppreal devel. | HereitiBlen owrthe degree

of Qﬁe‘ﬁﬁé O O RRtob R PARiod P 05 1 STRVEY i AR i reference

de 1s

toaﬂowdlhEShmemugFagmetz circuit (10) of the refrigeration
system (1) of the present enbodi nent. However, if the

ted at, t
L e L AL ——
follamsurithab és; am8epe Sd&s theedegied 6ft (bpeﬂlrIgOoft the eleebhit %ﬂpansxon valve
(Mﬁefrlc %ﬁt CﬂerU|t€etl n anmount . 3 result, surplu
&% PergERlissuch ha ggpnt R@@W%ﬂ’f@ﬂ pregsurp &1PT) detected by the
high @:ﬁiéis%ﬁﬁ'eys)ené& S‘Z)CMM(ﬁtlﬁ&eés@ AbB6e Wﬁ&fﬁﬂ Fs%f% el\/ﬁn‘e specifically,

condenser, Iea ing to the possi
in SiepsSlirthe dtigh ipessswe rHIE rig epmpared uivith maﬁrst npecifisd pi@s@8 of, for

cx 2 FRD ARt Sy S oy B U i mesite BB i e he it

spetified pagnae, ﬂiﬁn fResdhitel srbcddufe RoV&d oWbFSE Xdﬁﬁriﬁé &’&nree of opening
alve (EV) (14) is so controlled as to inhib
of ]\41 gﬂ WG grpansiosnyalye (s isndecreasedh lﬁbmrmmm be\debreased by an

am&'ﬁft k) r#e‘?éent DNV (HE AL ? \é%? fg;opg Eg éﬁ?} ?chér:Epnﬂ% expansion valve

el ectroric expansion va
(14pwhen iitois dulkyy toberiedj eOmnhe other hand, if Step S1 finds that the high pressure

HPT is equal to or less than the first specified pressure, then the control procedure moves

to Step S3. In Step S3, the high pressure HTP is compared with a second specified
pressure of, for example, 2100 kPa. If Step S3 finds that the high pressure HPT is higher
than the second specified pressure, then the control procedure moves to Step S4, and the
degree of opening of the electronic expansion valve (14) is decreased 5 percent. On the
other hand, if Step 83 finds that the high pressure HPT is equal to or less than the second

specified pressure, then the control procedure moves to Step S5. In the way as described



to a flow chart shown in Figure 2. [0041] The degree

of opening of the el ectronic ldxpansion valve (14) is

controlled as follows. That is, in Steps Sl1-S4, the

degree of opening of the el ectronic expansion valve

(14) is controlled such that the refrigerant pressure
abo¥e.gh Peps SUrSd, HMiRTYleglet of bpehihy of ke elc@bnipre’partich valve (14) is

suBPREL el oreast & e pressitn FFE3s Blor i hoppsified pressure,
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than the second specified pressure, then the control
con5tBtedure noves to Step 85. In the way as described 14
above, in Steps S1-S4, the degree of opening of the
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greater than 6 Cin Step S6, the degree of "open
embodiment, the air-cooled condenser fan (21) is turned on if it is determined during the

water-cooled operation mode that the amount of circulation of the refrigerant through the

refrigerant circuit (10) is in short supply.

[0044]  More specifically, if, when the air-cooled condenser fan (21) is turned off during
the water-cooled operation mode, either the degree of opening of the electronic expansion
valve (14) continues to remain equal to or less than a specified degree of opening (for

example, 15 percent) for a predetermined period of time (for example, 10 minutes) or



of the electronic expansion valve (14) is increased

1.5 percent in Step S7. In thHé way as described

above, in Steps S5-S7, if the degree of superheat (EOCS

- EI'S) deviates froma predeterm ned range, the

degree of opening of the el ectronic expansion valve
lor(gm)ornhe degrgmbﬁsl.@drheat @O I8 pdthe akzai&)rit@r (1% c8AYnues to remain

the &g f su erhe (ECS - EIS) constant.
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expansi on val ve y continu r naln decr ease
(21)ang nsﬂeqndtensadnhladnehy thidighi griassupr H3BUn ehe tefiiigerat cirasit (1) drops.
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circuit (10) may becone deficient, t he anount
refiigaranticieplatipn amuntds slimanstesk  ( 11) may al so becone
deficient. To cope with this, in the refrigeration

[008¥ 5t endh khe Sthet 'Eﬁncp B A ﬂagrg?lo%df'f&moq&gﬁ%é?gi &f’ﬁo aeo%erated as

condenser fan (21) is turned on |
desguibgchgbevee either ehe degree df ayreningi Qﬁ]ﬂmeﬂecmtmd: expansion valve (14)
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21) is turned_off durlng he er - cool ed
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me (for, ex utes} or 15 | onger,
am i i B BBl B i ool () spuaRls (b S iaple oBdenser fan
(21} it i nues to remain nore than a predetermn ned
tenperature (for exanpl e, 25 C) for a predeterm ned

(00T | i dcisiom o e Siore 91 814 chFiisice Suitdhe o ceied condenser
fan{(PH) fsqwde@%ﬁﬂ'nt orHQf RUaiminie ﬁl@flﬁdkgﬁ’ AL %e%t tclrélﬁgt')lon amount

i'sin short supply, and the contr con
duringghe watereobled operation mdef\dmn(m (ﬂm)t=ui‘(i1’ dre deﬁseeaof opening of

oo 3 e S 0 eSO bbbt A o
(flagpbeteneer1*.ath othélworR dﬂﬁssﬂ@ﬁ%%ﬂﬂﬁ% (o] tB a8t RhR whether

pressure I—rrPlnthere’frlgerant circult drops
or not the degree of opening of the electronic expansion valve (14) has been increased 5

percent, and these Steps §9-S11 mean that the degree of opening of the electronic
expansion valve (14) is increased 5 percent just one time, when turning on the air-cooled
condenser fan (21) placed in the stopped state during the water-cooled operation mode. By
providing control (Steps $9-S11), the degree of opening of the electronic expansion valve
(14) in the decreased state is positively increased, thereby making it possible to quickly

eliminate the lack of the refrigerant circulation amount.



As a result, the degree of opening of the electronic

expansi on val ve (14) gradual It 1increases in response
to the degree of superheat (ECS - EIS), and the | ack

of the refrigerant circulation amount is elim nated.
[0045] On the other hand, if, when the air-cool ed

DEPROSTSOPHIATIGN)MODPper ated as descri bed above,
ei ther the degree of opening of the electronic
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is ﬂgntng jl er (40) controls the air-cooled condenser fan
I%S to turn off. [0046] In addition, referring to
Steps S9 to S 11 of Figure 2, if the air-cool ed
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Upsm ampleaomma PLihyy dbwiE bpétassh, tﬁémf-@wedmkﬁdeasértfan (21) is turned
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P‘P‘F ﬁ’ﬁoﬁ%ﬁtﬂnyﬂle%%hﬁwﬁ% RIpe 1% Bieled 4 perfomm )defigsting of the

evaporator (1 5).

{0049]  During the defrost operation mode, it is arranged such that, immediately before
the time that the pump down operation is started by closing the first solenoid valve (SV-1)
(Step S14), the air-cooled condenser fan (21) is turned on (Step S12). If the air-cooled
condenser fan (21) is not turned on in advance of the pump down operation, there is a
possibility that refrigerant condenses to a liquid refrigerant and is accumulated in the
water-cooled condenser (13) at the start of the pump down operation to cause the high

pressure to abnormally increase. However, if the air-cooled condenser fan (21) is turned



stored on the side of the water-cooled condenser (13),
the defrost operation node i 97 operated. In the
defrost operation node, so-called hot gas defrosting,
in which refrigerant discharged fromthe conpressor
(11) is bypassed to the evaporator (15) to effect
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result, refrigerant accunul ated in the evaporator (15)
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whereby the frost on the heat transfer pipe is nelted
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During the defrost operation node;, it Is arrang
the pygtar-copledoperation ynadef i iarranged suchethatthe airkeoled mondmser fan (21)
: | ' ta ¢l.osing the.first . salenpid .. )
s (R AL Anle ot ShL5 Tehy & ERuPd pOSF K ineRLBABE Rilhe bigh
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condenser fan (21) is not turned on in advance of the
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accunul ated in the water-cooled condenser (13) at the
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high pressure is inhibited from increasing to an abnormal level. Therefore, it becomes
possible to improve the reliability of the refrigeration system (1). On the other hand, if the
refrigerant circulation amount becomes deficient when the degree of opening of the
electronic expansion valve (14) is decreased during the water-cooled operation mode, the
controller (40) detects such deficiency based on the degree of superheat (EOS - EIS) or the
degree of opening of the electronic expansion valve (14), and controls the air-cooled

condenser fan (21) to turn on. As a result, it becomes possible to lower the high pressure




condenser (12) before the start of the punp down

operation, thereby making it 1Bossible to reduce the

hi gh pressure. Accordingly, it becones possible to

inhibit without fail the high pressure from

abnormal Iy increasing during the punp down operation,
wherrbyt the dearee atfi dpiening off the redectrehici gguasibnvabysd)rcdrl be gradually

S, Wi st 3t on g e pnaneed o0
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cl osed and, in addition, the conpressor
amgynt effretugpell de thercomprenserflilpr Thevafeme, tihbeoontes possisle @6l prevent the
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cofREEE (ED 7 Seih FPTLATEH G FRIpilY s Peor e asystem (1) i
furthi2l egfanbeure 5, and the degree of opening of the

el ectroni ¢ expansion valve (EV) (14) is maintained at

' initiagl ree. o opening (Step.S22). . . )
(o4 herﬁogﬁ’,‘lﬂf e %%ﬁ&ﬁsﬁngﬁewbm gothpdiment is essentially a
reGREk18 texempRchti onNw b Tl ifl I3t | |
P (SV-1) Lqupenég (2?235%5§?#m¥%gﬂéa é?%giggﬁhg1§%%%3960fﬂ“
preggnt anvephien ats@pplicasion paritsagpbdationmengef or exanpl e, 5

seconds) and when the high pressure HPT becones | ess
INDES’I‘IHA&PSPPE%EQB& gggure of, for exanple, 1800 kPa,

the air-cool ed condenser fan (21) is turned off, and

00 %g aforesgid wat er - cool ed operation node is resuned.
[ % 517 Aes heardessEbediahove, the pressat mventiost isusefioh s & éechnique for
e I I: . ter-cooled,. .
e e o Sl (23 cofBRatr biRARA 1 B P ESTR T hich cither
onexgfra welst-eebled lmmieamr gﬁdtan @ﬁélc)ooleid&&h&m%er i%rdﬁbdé ad &ledlRtheat source
N, As a.result, it becones possible to inhibit
to c&ﬂ?%ﬁfgflﬁ?rﬁmt he high pressure from abnormally
increasing at the start up of the water-cool ed
operation node. ADVANTAGEQUS EFFECTS OF THE
EMBODI MENT [ 0052] I n accordance with the
above- descri bed enbodi nent, the degree of opening of
the el ectronic expansion valve (14) is forcibly
decreased if during the water-cool ed operation node
t he hi gh pressure becones higher than the specified
pressure whereby the high pressure is inhibited from
increasing to an abnornmal |evel. Therefore, it becones
possible to inprove the reliability of the
refrigeration system(1). On the other hand, if the
refrigerant circulati on anount becones deficient when
t he degree of opening of the electronic expansion
val ve (14) is decreased during the water-cool ed
operation node, the controller (40) detects such
deficiency based on the degree of superheat (ECS -
ElIS) or the degree of opening of the electronic
expansi on valve (14), and controls the air-cool ed
condenser fan (21) to turn on. As a result, it becones
possible to | ower the high pressure




18 whereby the degree of opening of the electronic
expansi on val ve (14) can be @gPadually increased in
response to the degree of superheat (ECS - EIS).
Consequently, since it is possible to elimnate the
| ack of the refrigerant circulation amount, this
Clgimsisres a sufficient anount of return oil to the
conpressor (11). Therefore, it becones possible to
prevent the conpressor (11) from bei ng danaged, and
the reliability of the refrigeration system (1) is
further enhanced. [0053] It should be noted that the
WHAGVES 62 dMBBISenbodi nent is essentially a
preferable exenplification which is not intended in
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fan for sup Iylho%alr to the arr-coole ¢o ense
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in atshate with thdrsupply efmoling watn@eiédyd, in a state with the
air-cool ed condenser fan turned on and t hrough the

- in a st a I of
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t hr ou%h the air-cool ed condenser in a state with the
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presd@feer - cool ed condenser

wherein the refrigeration system includes controller means which turns on the air-cooled
condenser fan if it is determined during the water-cooled operation mode that the amount

of circulation of the refrigerant through the refrigerant circuit is in short supply.

2. The refrigeration system of claim 1, wherein the controller means determines that
the refrigerant circulation amount is in short supply if the degree of superheat of the
refrigerant leaving the evaporator continues to remain above a specified degree of
superheat for a predetermined period of time, and then turns on the air-cooled condenser

fan.




in a state with the supply of cooling water provided,
t he degree of opening of the2@l ectronic expansion
val ve either being regulated in response to the
degree of superheat of the refrigerant |eaving the
evaggratqr or being forcibly decreased if the high
3. pr edberefrigeratibe sysémicfelamt 1,oivhareintthb ecntrgier hic@h€ Betermines that
than a specified ressure, wherein the refrigeration
the o G RO R ot ShEsSomaly o ot dRrcB ot pRsning of the
eleétrdmi€ 8QpRGion GRANZES bfaid bd elekm ri .
t he V\(ae’tajber - gggl‘aed opgg‘%‘{sﬁg nr biﬁgg]ebétlﬁz?d étpﬁgemglrfrgigﬁl? e o%?' 9emng for a
predetesmingd peniodsf tithe and thengemamn thhaiowgbled bendenfdrifger ant
circuit is in short supply. 2. The refrigeration
4. SYS : [ .1 he rokler neans .
det gﬁﬁrﬁ%g %aﬁig?‘ S‘!Yisﬁy (r?)gfed ﬁﬁm&e?an %E%JP cljll}F PR R dhhdformed by a
compresshoof thesppllytypd. t he degree of superheat of the
refrigerant |eaving the evaporator continues to remain
above a specified degrge @f . superpeat for a
predeterm ned period of tinme, and then turns on the
air-cool ed condenser fan. 20 3. The refrigeration
system of claim1l, wherein the controller neans
determnes that the refrigerant circulation anmount is
in short supply if the degree of opening of the
el ectroni ¢ expansi on val ve continues to renain bel ow a
speci fied degree of opening for a predeterm ned
period of time, and then turns on the air-cool ed
condenser fan. 4. The refrigeration systemof claiml,
wherein the conpressor is formed by a conpressor of
the scroll type.




