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1 Description REFRI GERATI ON SYSTEM 5 Technical Field
[00011 This invention relates to a refrigeration
systemwith a cooling heat eXxchanger for cooling the
interior of a cold storage and particularly relates to
a nmethod for energy saving operation of the
refrigeration system 10 Backgr.ound Art [00021
Refrigeration systems ar ?S6HPEAR| onal |y known for
cooling the interior of a cold storage, such as a
chiller or a freezer. [00031 For exanple, Patent
Docunent 1 discl os r ' t temfor
cool i ng the interﬁgFﬁgWﬁéikgﬁ@ﬁghggggéfin a cont ai ner
for use in sea transport or other transports. This 15
refrigeration systemincludes a refrigerant circuit in

Tev‘ﬂi.g%lg @orrpr essor, a condenser, an expansion val ve
& 28 i ng heat exchanger (evaporator) are

OB P e S 5Pt o Bopindet rons o
f 1 - : . . . ‘

cof g the RGO 27 Sl nfd B%rﬁéﬁ%%? g %o'n%%ﬁﬁ%%afggenergy saving

OPéIQﬁ&P%%g&gg%}g@é‘i gc};rgtenpeat exchanger takes heat from

arr i age to evaporate and thereby cools
the air 20 in the cold storage. The refrigeration
systemis capable of a freezing operation for freezing

Ba$ oqu%p,qu in the container by cooling the air in
the cold storage with tenperatures bel ow zero degrees

[0002] SiREHig8dtich §dlehld £8 c@‘?ﬁﬁﬁ‘&daﬂ? rllcng{qum éclo'hﬂg tlti{]ﬂﬁe?gf 8f a cold

goods i n"the contal ner coo e alr | e Cco

stofdg! AR a¥h ChillLORERELAF €S above zero degrees Cel sius.
Pat ent Docunent 1: Published Japanese Patent

[000BP! | Kerlek@pRiOPateR Q%o chkkRP # diskRosEd §9éfﬁgéiﬁﬁorp§ystéﬁ? for cooling the

I nvention Problemto Be Sol ved by the T'nvention 2

intéri} Q] a £618 seoragdPinea coMBinaPRY Qisé & kéORARDbRA br Odr&fansFotts. This
be required to keep the internal cold Storage

reftigeragsrabystetn Mdhiiel lagBfripe it aigdhit froWhiRK A FWnSprestbt, B dbndenser, an
about 0.5C, depending

expansion valve and a cooling heat exchanger (evaporator) are connected. The refrigerant

circuit in the refrigeration system operates in a vapor compression refrigeration cycle by
circulating refrigerant therethrough. As a result, the refrigerant flowing through the cooling
heat exchanger takes heat from air in the cold storage to evaporate and thereby cools the air
in the cold storage. The refrigeration system is capable of a freezing operation for freezing
stored goods in the container by cooling the air in the cold storage with temperatures below
zero degrees Celsius and a chilling operation for chilling stored goods in the container by
cooling the air in the cold storage with temperatures above zero degrees Celsius.

Patent Document 1: Published Japanese Patent Application No. 2002-327964

|

Disclosure of the Invention

Problem to Be Solved by the Invention
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on stored goods in the container. Therefore,
conventional refrigeration s¥stens keep their
conpressors always on giving4priority to keeping the
accuracy of the internal cold storage 5 tenperature.
However, once the air in the cold storage of the
contalner becones cool, .the, cooling | pad on the

[0004h jhiog exarmp eesbe i#heYeres éﬁféa}lws@@ 16?%1?? resaired to kegpghe internal
I.n addition, |kely that the outsjde
COIéétPﬁ%&eathera%t .WHE héﬂﬂ’ AUeEHIPT FEEIRS R 5%%%%5 C, depending

nce, st _cases, refr on syste
on été’ﬁe‘ﬁ%‘@éstlﬂ § ?ﬂ”é?‘ﬂ%{t ?ﬁtfr:@r%tca%@wéﬁggm #hioa SYStemS rﬁ’ep their
constant _even if .they rest aln t he coolln apacit q
CORIEFSOrY guiay s gn ﬂévé‘tg ‘éftfé{ﬁ% PPINg r?CF‘l‘ta% Hntea@ﬁgo d storage
ver .. conventi opa

e g HGPEver, B OF aiftih fILFPI SIosBHethiBe RERigh Breggpes cool, the
co%}ngggﬁf grlfj h\;é:ﬁf)fl% ({#A\é)% Lhe CO rrxetﬁ%)\?;{rmc%?y %ge qn addition, it is
i LA e h@%t St b s
He{i?? lé togtr ?a%gst, gfﬁlgg%? gpsie & Cogieeegl? gelr%ﬁ Ecﬁ %grage tempcrature

’COIISW g{é?lt ? Eh%gr &R/ | g Cgaﬁ'lg: c%?aél e X S (§Oglrlilg %ggteex%ﬂg&?ge Even in

an (0] I'n ener

SUCXaVC!aEQ pﬁ(;\IJéUeP’a r&?ﬁ?‘f‘h %Rﬁs réf?lﬁé%hxg %@erﬁ{ olgé ?mﬂ[leqp O@(Jmpressors

rst aspec € I nventron s

coﬂs?sftéﬂt % Sgﬁ]su e\?ﬁ&@ ehbi3 tl'l:ﬂxqjegl%eﬁl t? ﬂt;’vg pqgsts 1s.

CITCU Ich a onpre a cool 1 ng

[00RSRL ”Hféc 898 lindehfidn 138 be%p 80 ih \Ge N th@tf&reg%g?onﬂs and an

cold sto age are connecte and that operatesi
obje@f the@6T Al thAhE Y&tkiBel¥of b;ts@éttl P &ﬂ,hhgfﬂté &@érﬁ,%fta%w 8rage by

the refrigerant circuit Furt hernore,

meé@éc bf GeESSHIYNh&Y SdxBRarlg @P'hﬂéj% AbARPAS | He¥p rtﬁg %ﬁhﬁ'l cold storage
(35) for regulating the cool i ng capaC|ty of

tenfpRedtireOwlRiat a Q¥GRANGMDeratidd rirhebird et dbflity b %rﬂﬂhe Gl 6peration

storage tenperature to a desired tenperature, and is

excellaitiig ehady kavikep&fdralahee. of energy saving operation
including: 25 a ?lrst action in which the conpressor

Me@hsldo SaHvedthe Pesblhi | e t he cool i ng capacity of the
cool i ng heat exchanger (14) is regulated by the

[0006pacA fiystaggHdt of the ifv@nlion B dircrddo agefrigbratibn sydiérs fihat includes a
when the internal cold storage tenperature is held at

reftigarantadicnizd10)eimpwhiah aroenguessorg(13) ahde cookisd heut tekchianger (14) for
the cooling capacity of the cooling heat exchanger

coqlibg)the snterior efis edldstotage arec epaectey, aredythabbperate8s) atrefrigeration
| oner the internal cold storage tenperature to a | ower

cydl¢ rhiyt ciofulating refrigerant through the refrigerant circuit (10). Furthermore, the

-refrigeration system includes a capacity regulator (35) for regulating the cooling capacity

of the cooling heat exchanger (14) to bring the internal cold storage temperature to a
desired temperature, and is configured to be capable of energy saving operation including:
a first action in which the compressor (11) is driven while the cooling capacity of the

cooling heat exchanger (14) is regulated by the capacity regulator (35); a second action in

which when the internal cold storage temperature is held at the desired temperature during
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desired tenperature range containing the desired
tenperature and the conpressor (11) is then stopped,
and a third action in which when the internal cold
storage tenperature 5 reaches an upper limt of the
desired tenperature range after the stop of the
C ressor 1) by the cond.action, .the conpressor
the( 1@%@%@&0@ igrcapacifi ek e Coplng heaf exchapesrdid) s depgqsed by the

ST RN R P REXR R W e
e R B oD PSS A IS SLTSLARE GGl i
thep 3P Ao o UL AoPolt, HPIEh; oG &k, S Y cHOES temperature
SR T R B S35 Rkl B FEJE compeser
B i N

O 1 RS 35R s 1 SPEERE A o gpes
o 35l ] SRR, ¢ By SIFoEHE PR OB lhctgrns

rage
: : | i .t s of
crgBIPAYSAY 5380 b BrBRE nGibe BEn AL pke exchanger 19

R ropt PR R R HORR ROl WAL B AR Tipy gf the cold

stoha%e!j” ven and the cooling capacity of the cooling
€at exchanger (14) is regulated by the capacity
[00089Y! BaRg thdTine, A% rBfr{gRRHioh sy$tR acéfding 168 Escﬁ;e@ﬂ &k the invention

storage tenperature gradual |y approachés the sired

perff&TRe LAl dfefey @R L8R rdtIRhe 6N 3hteiRitEnSy UrRME: the compressor (11).
tenperature’is he%d at the desired tenperature by tphe

Spédificdllyafi the Bnerk} SaviSL65sti I tHeOd11bWingefirkt t8dhiedl hetions are repeated.

p[ 0010]ya| n the ggcon?a}?t?i on, the conr%?fassor (11) is P

In theirefipeitidn ishera 09 Htsived GaRR ©f the @terndl Reldceragd @niiRAdture and the
exchanger (14) is increased by the capacity regul ator

uppedSand Rsver liMiisllof,a dBsired2fenipetatiing alang® (allBiable gdnperature range)
tenperature gradually decreases. Then, when during the

coieinipcthadeésired téhgeratatecaraadt. col d st orage tenperature
reaches the lower |limt, the conpressor (11) is

[0099D p Feickt,an dhet finst adtiongthacbinpressar (& hY isideicrewand thé coplrip ddpacity of
In the third action, the conpressor (11) is held

thestoofipg ticat Enchianger @4) isiregulated by e¢hacapacity regulator((38)) Adaassult, the
not operate in a refrigeration cycle, whereby the

intervall ¢ald stokageltemperatré gradodlly approaches the desired temperature. When the

internal cold storage temperature is held at the desired temperature by the first action, the
second action is carried out.

[0010] In the second action, the compressor (11) is driven and the cooling capacity of
the cooling heat exchanger (14) is increased by the capacity regulator (35). As a result, the
internal cold storage temperature gradually decreases. Then, when during the second action
the internal cold storage temperature reaches the lower limit, the compressor (11) is

stopped and the third action is carried out.



10

15

20

25

the cold storage by the cooling heat exchanger (14) is
substantially stopped. As a result, the internal cold
storage tenperature gradual l )7‘ i ncreases and then rises
above the desired 5 tenperature. Thereafter, when the
internal cold storage tenperature further rises and

(003 Vet Uﬁrgﬁé’ Fot.ghe Eupipetsof (57T b s@ep%% #%e}%@{&n‘h? Fefrigerant

CHF‘QL‘Q&P 3?)%& iy é)lpgra %f%@%&%ﬁ%@ b% e cé’& ng 96 Hhe interior of
t he

thﬁ %ﬂ?@ﬁ@?ﬁtgﬁ b eTine bt st S%?ﬁ@é&ﬁﬁ%{ﬁl@w SioREEY: Asapgsult, the

the i.nventi

1nt81518 g?lfl sq?rélég “?%ngetxatgbewﬁradggl énc??ndg es ?lg% \ eélt }1|sje% al?o\\/g the desired
b EARERER Lot B £RLCLOREANLoBLE SWbbe g&g Soffl rises and
rea%h'g%< d&)@&o hﬁ.lf&fe ﬁhgeomeper gxt gl(lg) Jil ’act?\;ﬁgedt %r{ ?J fé %r:afﬁg action.

s co gure

W%neﬂma rtiﬁ)é(; S?Etn gct?&% tl{] .ereit{n? d, ti(ﬁg ﬁin&?&rﬁﬁl X&hv Stofa ? Zetetrg%%?l%ra gradually

0 | nCrease
t h 15 (14).
=pfiffdfs e &fsﬁée‘h?e piShERens F Xf h:n?ﬁ\r/entl on & 11 ow
|
[0619?“ Ao fg)aa,lsﬂ%ﬁ é@fhre éi\}fernggﬂ X or V atle? g%ite% Lb&QREiRR Yo the first

C r r I
0 e A o S S AL 0, o

(3%)C@Bhictdadid iR rGARAAt Bircdid ?W)?ffoxr ?ég'ulﬂlﬁ afhe Arﬂoxﬂf? of flow of

sucked into the conpr essor

reiﬁﬁ@x‘éhf 100 $ukked Hitd Bk éd%ﬂ:rédsbls(l 19C£dd0tﬁe réfhge@ﬁ&ﬂ bi&elﬂfdunng the
e flow regulator valve (35) is regulated, whereby

sedon@ dceibh 19 Sériﬂgfuréil' foCibld theropRAMINSf the ﬂdﬂ\ﬁre”gﬁfdtdrgﬁlﬁWBS) larger
circuit (10) regul ated. In this case, when the

thaneduringehe fikst (hbﬁ@xﬂ{oainlcﬁaseaﬂme obling capagity af thé doyling heat exchanger
throttling the opening of the flow regul ator val ve

(149)35), the refrigerant is on the wet side over
substantially the entire area of the cooling heat

[0623¢ halngke s¢cbAd aspecvofithe asveation\wfdow a¢guiator valb(35h és connected in
cool ing capacity of the evaporator were regul ated by

the eedtigexant rgretiit €1@)p dhe figpwofegtilator vakyea(3S) oonstititesea capacitye regulator
i nfl ow side of the evaporator, refrigerant flow ng

fort tegoulatjhg e coading papadityr ofhea | cdolimg beattdxehahgpr §14) dyaregulating the
woul d be likely to cause tenperature variations 5

arrforphefi fidfv ofrefingbrant toobe Sucked mtaithsfeotmpeeseara(pbk at or . On
t he ot her hand, when the cooling capacity of th

[0039d| i Srpcifisally.cdusingribe first aafjon, she eppning @fdhmow\ereghletor valve (35)
openi ng of the flow ) )

is regulated, whereby the refrigerant circulation amount in the refrigerant circuit (10) is

regulated. In this case, when the refrigerant circulation amount is regulated by throttling
the opening of the flow regulator valve (35), the refrigerant is on the wet side over
substantially the entire area of the cooling heat exchanger (14) serving as an evaporator. If
the cooling capacity of the evaporator were regulated by regulating the opening of the

expansion valve on the inflow side of the evaporator, refrigerant flowing through the

evaporator would be on the dry side and would be likely to cause temperature variations
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regul ator valve (35) is throttled, this uniform zes
the tenperature distribution_of refrigerant from
inflow end to outflow end of °the cool i ng heat
exchanger (14). As aresult, the air in 5 the cold
storage is cooled to a relatively uniformtenperature

by. t [ heat h 14) . [0 t .
frop i Ra Pt BEPreng T B 30ARbE Y ool pafl ol the cooling
cagfih of e FOTTE Peob v Piagabrafial % Kot e e Bperif of the flow

' t . t] ' j o b .
re@%a&%rﬁvﬁalvaec@Wﬁéﬁﬂ%e 05 Rl et il ofsofieerant
. v 5) &S T . ..
ol By B O S e B OB °ad 3, e i
the2 T8N ktol tllgecd’o?%d' W& ?Qa’ci\%’l# %lli:pn%n]'@n eratird Cf))ﬁ hé Q:oBﬂng heat
I NnCrease-the cooling capacity o he cool I ng "heat
14). Then, wh duri th d acti
exflﬁé@&{(% é_r Elal )col degt or agg tg:rlp_g?at use_ssggghegc_t Iﬁgn
r , 3 pa .
001302 SO ¢ )8 W Bpernre by
! ¢ : . : . oy )

o 5 A0 Bl G 90 gl R B 10itstion
sedoRY QRGGPTY caie SltNIrPihe isBebnidNRibAI distteahé oPenihg) 8f EHREMIVAGegulator

of the flowregulator valve (35) is held as it is at
valvBE38N 6k Bdguldi& B @ORELeR (delgfiR: thaf) Qlufihg | the (St hétiond the refrigerant

aspect of the invention, when the opening of the flow
cirb@alibrAbRouN@in the fetfgerhst BRI (FU)URrinbitadddetos Breedade the cooling

action until the internal cold storage tenperature

capaRatg [ Sthe 280lHE hbAVEXchiriged (14)! Mhedp@hém dulihg e sécbadv action the
regul ator valve (35) at that tine is held as it is,

intéfhel eslaBiRsgOtemptraturt Seathepiedoasrlimit, tiensanie thirdtaetibhes in the
third action is made. The opening of the flow

firstagpdcadHthe wlentior SThrried dael d as it is until the
internal cold storage tenperature reaches the upper

[001i6]ri t A dhird aspetthod theninvehtmomtis tre refrigessioarsystemeaccording to the second
conpressor (11). Therefore, the opening of the flow

aspeetof thednventibueWB&kinaduringehe tlird aasfontthe opéning ofithei fbow regulator
is the sane as the 25 opening at the end of the I|ast

valve (3f)ds heltlias it islatrthe gndibil thé sedond ectiin. ng capacity of the
cooling heat exchanger (14) is increased to cool the

[0047] iIn thé:thixdodsgecs b thegiaventionawhers thetopening ©f tlfe o prgulator valve
refrigerant circulation amount can be ensured fromthe

(3Dtiamadefargerdyfthe second actinn until ghe infaredl coldestoragetepperature reaches
cold storage tenperature reaches the upper limt to .

the lexven Himit, the opeping of dheoow Tagulatqr,valvy @52 t thatctige #s held as it is, the

the cold storage is promptly cool ed so that th
compressor (11) is stop%ed and r? trann;Fi)tionyto the third action is made.erhe opening of the

flow regulator valve (35) is held as it is until the internal cold storage temperature reaches
the upper limit during the third action to restart the compressor (11). Therefore, the
opening of the flow regulator valve(35) at the start of the first action is the same as the
opening at the end of the last second action during which the cooling capacity of the

cooling heat exchanger (14) is increased to cool the air in the cold storage. As a result, a

sufficient refrigerant circulation amount can be ensured from the start of the first action at
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internal cold storage tenperature pronptly approaches
the desired tenperature. [0018] A fourth aspect of the
invention is the refrigeratién system according to the
first 5 aspect of the invention, further including a
tenperature correction nmeans for raising the |ower

mt when the jnternal cold storage terrperatxire fall

whish! Bl THETRb GG FIORES. demirestiuce, Fchen (4F ROPRoMmIf (Brgpart the
corRaingt D AHEreR e i R B cOEPataEh dp PriBite spelego tat
GG T Ty FEEPY R BbE e apityd PReaine

00 crA s %ﬂ?ﬁéﬁa&% e B U
asﬂe‘é\,\%f?fﬁllfﬁll{lﬁr’]et%tltgg RERE MR ATEEh SRR 8{, (58S foi fsing the
1o dtif en TR ol %Sﬁaég‘?%rﬁ%m e, b Bl Ohofher it during

the%hué% S|t|on to the third actionis rmde. Ther ef or e,
i €' fNext and later third actions, the internal cold

[O(ﬁbgrheeige %Sfohﬁﬂpgsﬁ)g&u&e t}?eh gﬂ%ﬁﬁ?rwe{fh 3 @xﬂl lgh'i.lhé'er conditions of

erature range ore,

rel?xm rragﬁ)qv Bﬁt@ﬁkf éélg%%z H%VYR&?@'&M 5Bfa g%cx CIppet %‘ure falls below the

rature ran asp e

10\*&3\1%% 1eQ8h bfted {OB? i ﬁﬁéﬁéﬂ QelLtbR! e%%’rﬁ] E?élr?é:ﬁﬁ’sr GidOrehheliNBe lower

aspect I nventio I ncluding a

1imt11|etgﬂtﬁ5%i Qirtﬂbﬁ Gb 'tl%n‘h%%ﬁoﬁ Qhe kNRTARR ddMRctiPRRANS corrects

elntern codstorageterrperature rises

theBREE hhﬂ@b#‘ Eaﬁﬁhg it. Ad a Gelultneh the0helkP@nd N4t sed6d @tions, when the
[00211 | frfth aspect of the invention, if, for

int@RAGNE stokHy g@émﬁé?ﬁlﬁi'et e@étes e doRtedield ISy lnﬂit%trmﬂiﬁdrﬂl@ the third
t enper at ur €s, e internal cold storage tenperature

actidnS BSmad VEhetdi6rel P @ie héxtidnd 1eRhidd tabfiorish¢hed Mté@halatold storage
col d storage temperature has once reached the upper
tenhpefdtlret €haBpE vitBin @ slighny iNigheR téfipdrrird rdnpe @Al itiesrefore, can be
the tenperature correction neans corrects the upper
avdided fromdyfalling belowr the gnitisl dedisedtempsrtahire ranget he next and
later third actions, when the internal cold storage
[00207rpex difth sspectasththe inveation iy thetreftigeration systeint accarding to the first
transition to the first action is made. Therefore, in
aspebieofithe tinventoh, duretherfinclading ct tempsraturé eoiredtion mad¢ans dorlowering the
storage tenperature changes 7 wthin a slightly | ower
upperrijpreit athen ¢he tntgrealarvdd stolegedémpeaatucariséseabave itheerappfer dimit during

rising above the initial desired tenperature range.
the first action.

[0021] In the fifth aspect of the invention, if, for example, under conditions of relatively
high outside temperatures, the internal cold storage temperature rises above the upper limit
even after the internal cold storage temperature has once reached the upper limit to provide
a transition to the first action, the temperature correction means corrects the upper limit by
lowering it. As a result, in the next and later third actions, when the internal cold storage
temperature reaches the corrected upper limit, a transition to the first action is made.

Therefore, in the next and later first actions, the internal cold storage temperature changes
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[0022] A sixth aspect of the invention is the
refrigeration systemaccording to the first aspect of
the invention, further including an internal fan (16),
contained in the cold storage, 5 for feeding air to

t he cooling heat exchanger (14), the internal fan (16)

eln rot ted durin the thir i on t alo
'g OWEFrﬁeWQe ef‘?"nggtan‘éen‘ge@g’é Eta"%‘rqg‘\-(@'f’éb%]’g above
thInt th as ect of the invention, durlngtheflrst
edpigia HF\ teaa%er WS TRGEC: he energy savi ng operat| on

at a

lﬂ‘*?gf' i GhSh asfEl theﬁsﬁ"’a iPRsvIHe esetion sg%snawggrdlmg to the first
aspfg)t n r ef gc;n? %@qe&m gﬁwe{rlxgalll %:m élgitcggtglﬁiggg% gme cold storage,

fan

foryfg #rasfér Bﬁflhte EER b Bxchpdlir (1) e FERE1 5 T1g) e rotated during
ety Adffon' €y %2353%%‘8%?“ b2t E0 i Pecol ac ﬁoré%? f 'nSr the
023" Tnctek 5 phetl b Shel e RIDRREEE Ine ik rani? SeEPRRPhs in the
en%?a&g%@%% r| héd af,]p]% i}:xfel Ea%ggﬂ éanr%g Cge{ o?%tfag r?)hﬁional speed.
As! e{"‘rgs?liialheétaps Emn% P&v\}e?%trgﬁlggfahy 'ﬂ?)gﬁ@ r{f,@ rc'aaimg heat

econes s rFin and

ex&lgl %e'? ?)C qO%lS in thASt:oiad tgéglz ffeq fafet byec‘héc erhﬂ 6166? Therefore,

st orag erature to"reac

theI rlemgre an®l e Ee%ft Rfonk ﬁierﬁr AGhé 95‘1? sﬁﬁgég fo goﬁ{édth(ereb)y cooling the

theraf ore, e stopping tine o € conpressofr

mtérﬁ,ra,lf%c%%ggg Hence, the power consunption of the
refrigeration systemduring the 20 energy saving

[002RET abA Re GHer Mand egﬁ’&%‘ thel @0 hctdnSRY MRich ﬁfép&ﬁ'ﬁp@§sor (11) is

the invention is the re rigeration systemaccording t

stobptl, thel ifternAFREAE) B drivRa at BIGREr rofatiohal 'shERY thhh Ghi#sl e ﬁrst and
an internal fan (16), contained in the cold storage,

secbfd adtRRE] Tikréfote, the Juastiy@Fhtaidiveredd ot Niadigeimdl ¥4 (16) owing to
the internal fan (16) being deactivated only during

thetdiwiridhdfrtie frérngifan 2£6) bOELHs shialleas ey the drseel sedond actions.
the invention, during the first and second actions in

Astheesuknthegymes duit thg infeeia tdotd storage , teinperatuné es medchfthe upper limit
(16) is driven at a normal rotational speed. As a

duriregsthle tthirdactioni is extendedrapd dthbrefore cthe sbping einandédf the ovmpressor (11)
t hrough the cooling heat 8 exchanger (14) and air in

is #lbe extwhdeds tHanagethk gebweh eppsumptipnt dfethe rrefrigeedtioh axysteh6iuring the
Therefore, the refrigerant takes heat fromthe air in

endrgiesaymglopsrasioagan bo resnegbr at e, t her eby cool ing the

[0025] A seventh aspect of the invention is the refrigeration system according to the first
aspect of the invention, further including an internal fan (16), contained in the cold storage,
for feeding air to the cooling heat exchanger (14), the internal fan (16) being deactivated
only during the third action.

[0026] In the seventh aspect of the invention, during the first and second actions in the
energy saving operation mode, the internal fan (16) is driven at a normal rotational speed.

As a result, heat is exchanged between refrigerant flowing through the cooling heat
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interior of the cold storage. [0027] On the other
hand, during the third action in which the conpressor
(11) is 5 stopped, the intefnal fan (16) is

" deactivated. Therefore, during the third action, the
internal fan (16) |iberates no heat, whereby the tine

exghgaetia} ohd A oo i ool Sompeeied UETRe e Temeb R . Therefore,
t ] f. the, refrj ] t em. dur.| _
th Yl srlY dgkes RovEPTD g S imofhe ol Heraie Fo AYAPOralt fasiepy Cooling the

. [ 002 An ei ght h aspect of the invention is directed
mt%’éorapeﬂﬂé‘??qlgéﬁgéﬁgeon systemthat 10 includes a

O G5 i b ) S 57N L s o
sl U A0 e B BARES b o ion, e e
A e—
e GE et 994201 Rl SRR i 2 i of
o 0 AL R0 S LRI R Y

008 54 500 sl BRSO b 599 b sy

in | nc% iﬁtg’?frr]%gr%@ ?il?&lipﬁg?m whith a &E{pé’%s@ﬁ(‘éi%doﬁ&foﬁhg ?ﬁ@at exchanger

Irst-action 1 n conpr ess

1 iSdE i ' t ogh j of ;

Q453 SOIRE NE ) RS0 EERDRIE o Mt ertes i

refﬁ%@r%ﬁbﬁ Yey@dUbpt Sfculadny: réfris&aMNdhdakh Othel ReffiBEaht iRRIt (10).
the internal cold 20 sTorage tenperature is held at

Fubth&mfRs | the geﬁi%&ﬁﬁ&@&%ﬁe@n Hehides atdaBadity’ efula®k (38).fof Rulating the
conpressor (1I) is stopped; and a third action’in

codtitigC BapaloRy ofBe icﬁf)lfi}dg'] fbat C¥cHarfpleP r(li‘cgeto ben Gieintérfal cold storage
e

reaches an upper limt of a desir t enper ature range

terﬁl?;diitai'e’tbﬁﬁle%ﬁ&i téﬂizi[)'bfaﬁﬂe ah@ Bip Rritérhalrfen ef6)Sdontdifedsih @l &Jld storage,
the conpressor (11) by the second action, the

forc feudirgs aiir tol He) codlingabbatvenohdndep (14}t and theeefrigeration system is
action, and the refrigeration systemis further

configufred)tr Bel cipabRSofr enkegiyesavitigrapecativhdndlidingt afitst actjort imewhich the
internal fan (16) at a |l ower speed than during the

cofpressor (AL} is dniverh 6MAO theTtvoling feapagity aif itlencoying dwat exchanger (14) is
according to the eighth aspect of the invention

regadatéd byrghed capacitye repulpyory3§); agseopet adtionrinofhich when the internal cold
intermttently driving the conpressor (11).

stogygec tmpeadtine, i rheld lat the etegiyed demperatype rduringnthet fiest action, the
follomﬁn% first to third actions are repeated. In the

compressor (11) is stopped; and a third action in which when the internal cold storage

‘temperature reaches an upper limit of a desired temperature range containing the desired

temperature after the stop of the compressor (11) by the second action, the compressor (11)
is activated to restart the first action, and the refrigeration system is further configured to
rotate, during the third action, the internal fan (16) at a lower speed than during the first
action.

[0029] The refrigeration system according to the eighth aspect of the invention performs



10

15

20

25

refrigeration system at |east a desired value of the
internal cold storage tenperature and the upper limt
of a desired tenperature range containing the desired
tenperature are set. 5 10030] First, in the first

action the conpressor (11) is driven and the cooling

acit of the cqoling heat exch
an RETaY spBAeIporEn O4 T oR By dr g b zéo a{ﬁ)e§gmxﬁcauy, in

tg%rgégﬁtaiégf RV eiog T, foiBE as] 20 u{“ﬁ% ALY cpeated. Tn the
reffiEtrpfin Sytem, drikast 5rdseiid bl of Uisufpmantald 7 %ﬂge Temperature and
the et Bl st Re{FEBEphFRED TS b (e b o
l““?ﬁif rﬂf%g‘tﬁf? $r 5 %éﬁ{nﬁ e oRbrest 108 59 S8 i 28tg capacity of
SRR Behat ) Wb Teeufitef affiasegﬁia‘%i?s Pl et the
1nt§]r(r)1 gcgogc‘rl agg %f %m%efrél ger JJa'u?er ?F}oa&lvf\;{s]er e %ﬁld d%ﬂ?perature

%erature are set.

33

( | on’cy
egﬂolilg ng}ge( cf:' %}‘?géérp 1_1Lé) ;ntleljsﬁgls d { O&rﬁ%ﬁ/ atS? . oﬁc}}ﬁlg] rotational

spé%ﬁ W}fle th€firhal chhestéﬁgg{e?ﬁlerégﬁjs s ﬁ%lﬁ lafifle &eﬁ?}?ﬁreﬁfpufaﬁue by the

gradual 'y 1'ncreases ire nper at ur

' ﬁrs-{ Ia n, e c&lﬂfadtlgh?g &?ﬁe&:&kﬁ% %gn'pr o1 Sﬁi‘@ggﬁf ?;1)” e

chés 1 e upper limt

[O(f?ﬁ’ ' Vﬂh@xdtl‘fég& %s@o{ ﬁﬁzfﬁ ts‘toﬁ»ﬁ@d by "thE sB&nl Ctioh, Cffé Zhird ction is

s aspect o ntio |ngt e third action

caﬂrf@d"‘l‘;ﬁtc hn 1HhE tRRARICESS Othe &ohlpreisdr SEPPREHeld! &i6p O}Beﬂt eHefdfore, the
(16) is driven at a |lower rotational speed than

reﬂ?igéﬂaﬁgcﬂﬂdﬁﬁ (18Pddek et opepdtt Ga reFABEBTH Sycld, Rhefb3thé Edoling of the

heat |iberated fromthe internal fan (16 owi ng to
intef6r ¢fithey £418 skagdehy theVling hehtakchab@br (lﬂ? RsRbstamtRilly&topped. As a
than during the first action. As a resu the tine
resul] th&e€intdthar B6ld Stotage s tepiREuree @fhﬂﬁ@lﬂ}urlﬁck@seﬁ efioh tthe desired
upper limt during the third action is extended and,
terhpeestafed Mben,t wigensthe pipernal ddldretodgettefperatips easles tnelﬁfopar dimit, the
al so extended. Hence, the power consunption of the
compfess@ad Bitis activayedtagaindo réstgt thedirgmetigy saving 25
operation can be reduced. [0033] A ninth aspect of the
[0032} enlni thiz aspedthd the invegtorg tduang shyes thimh aotionridiwlgeh theagompressor
one of the first to eighth aspects of the invention,
(1W)heswipped, ltbe iémalgfan £16)as dsiyst et leweranfatignalegpeedths during the
be capabl e of perform ng a normal operation of
firg aatiom (idewrfgredibie yoangity hgh@@ iberateddrong thie) intewiel ffan (16) owing to the
regul ating the cooling capacity of the cooling heat
driginghed ibeintqrmal fam(16) bedomes sprabien than during the first action. As a result, the

time for the internal cold storage temperature to reach the upper limit during the third

action is extended and, therefore, the stopping time of the compressor (11) is also extended.

Hence, the power consumption of the refrigeration system during the energy saving
operation can be reduced.
[0033] A ninth aspect of the invention is the refrigeration system according to any one of

the first to eighth aspects of the invention, wherein the refrigeration system is configured to
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regul ator (35), further includes a suction tenperature
sensor (RS) for detecting the tenperature of air in
the cold storage to be fed t¥ the cooling heat
exchanger (14), and is 5 further configured to switch
fromthe normal operation to the energy saving

ion when during the. nor iqn. t

be gg%fqt performunga ne@nal ppergHon 9@%&%5\@3%9%@? e compressor (11)
W A AR o oHpE B R RO B EP L PRe DD Ayith fhe capacity
s, B4 B R b o b5 D) o5 Biflne e
tergRaReL ) A o OB SORTPER Oraiee i o e orebiger (19, and i

fur{‘%ﬁ%'g?é@%p@% E{;’Iétggtf%?rr]li\e ﬁliéenbgéx? Lod)%?a!ﬁi'%BZt%)g % %gxgrgy saving operation
Furt her

SBHTRR: S R b 0 O e
seng:?rg I(ggzsﬁgls ngitﬁiggat%g egr{n"él%e r?ﬂfépcﬁ% g{e 'é&@tﬁag%rggm%f 4)tl?e desired

te % 4,(&%35] In this aspect of the invention, whether the

d’pér ation should be switched from normal operation to
AP} 4 e g0 Al 6T AL oSRRELE e 3hlbion, durin
theixg)?n%%fr"géérﬁfbnt ﬁ{gpc(;%ﬂxﬂi&%ré?r g%%ﬁfﬁggg@ﬁsygﬁiéﬂ%ﬂ‘?& cooling capacity

ure sensor esli tenperat ur e.

| A : h . ¢ _ .

of dhe K00 SEPTRALBET 148, BUCLART o TREUR HEE AU sorge
' d riat:Lie j-nt d

SRR WP IRE RUP R, st LB G of e

codlfg hef SRMRREA(14)Cis2h Such AL kGhRrBure BéhsbHP "(RfS} f(t)rh éneasuring the

operation 1s conti'nued. On the other hand, i

tenfpéfatin@bflaf IR eHeddotd ﬁozfa?é toSbeMet o thetddBling Bhe todhahg@{14).

tenperature range containing the desired tenperature,
[003BF iTAttRisNRpect A dne trvemilsh, WHEERE Alid bferhtforbliotiddl Ye hviteled from
to the desired tenperature, which elinm nates the need
noringal GopedtioH Qb Sdngrgdi sawhgt biseraiunpisedaernifiddl )Specifidally, in the normal
Therefore, a transition fromnormal operation to
op&BiEdIy . SBipariseh BaRidd beawedrsthasdetion Bhpetatuke tdetetied by the suction
aspect of the invention is the refrigeration system
tengpeeartn@i segsdro(RS) yand rtke desiredhtemiperasiret I, &i thiet dongrmpisan, sthe suction
of the invention, wherein the refrigeration systemis
temyperdtinguie dut coflthe Ipeedewpabled winpeeatérer rdngg containimgl the desired
operation of continuously driving the conpressor (11)
temprerdtare; dlgpuintrnal el stocags! iemperatipea ds mypededl tohlee browghthglose to the
heat exchanger (14) with the capacity
desired temperature and, therefore, the normal operation 1s continued. On the other hand, if

the suction temperature falls within the predetermined temperature range containing the
desired temperature, the internal cold storage temperature is already close to the desired
temperature, which eliminates the need to continuously drive the compressor (11).
Therefore, a transition from normal operation to energy serving operation is made.

[0036] A tenth aspect of the invention is the refrigeration system according to any one of

the first to eighth aspects of the invention, wherein the refrigeration system is configured to
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regul ator (35), further includes a bl owoff tenperature
sensor (SS) for detecting the tenperature of air in
the col d storage having pass]eld t hrough the cooling
heat exchanger 5 (14), and is further configured to
switch fromthe normal operation to the energy saving

LNt L —
IEREn i L St D AL B SRR e cmsciy
e 0 0RE S Bled LB B LR ), g
b L SRk B S e e
19 o B S DL SP R o pegy s
ordfl 504 e JASHREL KBS0 AL BBy o e oo
o5 S R R0 LRGSR B

frperature detected by the bl owof f
des?g%p%%tr%résensor (SS) and the desired tenperature.

(0057F T ieehitashels pEe ARVcHEn, SN G t e fiul WERAR 38/ disposed
dowiEreBnOYPife c&o?ﬁﬂE_q{eﬁf ek haifrsaQl).(BR bﬂﬂ%ff Rengestutee Sbnsor (SS)

tenperature. | i'n the conparison, the bl owoff
dett QYRR Ridpefatire oTWir B the RBIPSBFIRE Gt B@i‘ﬁgtc%ﬂﬁﬁrl@t tHe€ooling heat
range containing the desired 20 tenperature, the
exchBhg¥r (Bd). col d storage tenperature is needed to be
brought "cl ose to the desired tenperature and,
[00BBE" Gh Qhi€ aspdte of e Bve KRR, SHether itife 6puratiohUSHbuldBe ktiiched from
other hand, if the bl owoff tenperature falls within
noria® opératién & encigtsdvinoeperdtiontisIdetegimd N tuslilel the nidte aspect of the
desired tenperature, the internal cold storage
invetigee It thiakinigSa @binparidonCbeiseen ahd biowids itergperature detected by the
tenperature, which elimnates the need to continuously
blosoffvenipematare sprises $$8) 4nlllthe desitedTieatpefature., Specificalig, ini the) normal
fromnormal operation to energy serving operation is
operatihe, a[cOMPBTisohris elade datween sixeblowoff teinperatwe detectad by the blowoff
the refrigeration systemaccording to any one of the
tenfpieraguret senser  88) and frecdesired terhperatowee df,iinrthe whmparisons the blowoff
refrigeration systemis 12 configured to be capable
templerataref & winh gpfatheo predeteopinedt feorperdturdr rapga geantaining the  desired
conpressor (11) while regulating the cooling capacity
templeratire, thsoinienpal ekt sioxagedamperaturd )is weededtthebec bygught: glose to the

désired temperature and, therefore, the normal operation is continued. On the other hand, if
the blowoff temperature falls within the predetermined temperature range containing the
desired temperature, the internal cold storage temperature is already close to the desired
temperature, which eliminates the need to continuously drive the compressor (11).
Therefore, a transition from normal operation to energy serving operation is made.

[0039] An eleventh aspect of the invention is the refrigeration system according to any

one of the first to eighth aspects of the invention, wherein the refrigeration system is
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regul ator (35), and the refrigeration systemis
further configured to swwtch fromthe energy saving
operation to the nornal oper%&ion when during the
energy saving operation the tinme 5 taken in one cycle
fromthe start of the first action to the end of the

corfiesiret @i RIS oF PORCIIRng PRSI RE CRREGYIop b Ching 06 eppressor (11

il Gy e Goo gciaar i p1BE R ine b eraen st (LAGTATh ipepacity
[ t i b d t ti { i

e 35, B e A B A IS SR s T s et Bpe enrsy

the first a&ﬁion %8 th%.end pf thet 10 thirqdactig ‘on the time
sl aRGF R RS Rema ARIAtion wher U (BE SustEy, Sy pReTe)

oAb b PP RAA e W LB P A BB e
o S8t i PRI RREHA 19, L, 1118 et on o
) 3o SRR g2 DR R SRR, DR gy s

n-turn,

[ r [ ' |35 :
orT ) RePIE IR, P 5 YR T BB Ak Hdion e tme aken
i i to%the end of th
in GAFLRe SPUIAE SRAIMictr R The RO OBl dRAT tolhe end of the
thit&sbhi N9 in a shortened lifetime of the conpressor
1(11)._[00_42] In order to cope with this and el ongate

[O(MHE I MESIWHIR, Uhdér BorfditHsCSH QUenifichhily [High Yutside? emperatures, the
aspect of the invention, a transition ffom energy

int&RYl RE1dOBRERE! Rhgetatiel [¥BlikapeiAtéRn he uppedelimhesft the desired
time taken i'n onée cycle of energy saving operation is

tenSitPathire ﬁag& idutifi@lthe/ thirdVB&ibnt H€ tHel ERergyR kding Eg@iﬁﬁo& Yot Ivéhich the
i's above the predeterm ned set tine, the number of

cofipre@édr (113! i98toppéd. (TherefSaPMhe 336Y takéd in ihe thied aétionels ghortened and,
smal | and, therefore, the energy saving operation is

in @@n} theugde tARentin@netdyele dfagtrgybdiing bperhticreist sHoeteneéd) Hence, if,
one cycle is equal to or shorter 25 than the

ungdresheh avondineds, sthé ehengy, saving operdiivn 3f comtinedd;, the membaearf of on/off
the conpressor (11) is relatively |arge and,

tintek esfefher empredson fEl )t bezomies dangen eesgitingaini agghoperedt lifefime of the
to nornmal operation is made to continuously drive the

compressagthr (11). 13 [00431 A twelfth aspect of the
invention is the refrigeration systemaccording to any

- [00#3¢ Infordérdo copeswith thisamhelhngapthetlifetihe pfitheicamprassarr(11), in this

wherein the refrigeration systemis . o
aspect of the invention, a transition from energy saving operation to normal operation is

made when the time taken in one cycle of energy saving operation is short. Specifically,
when the time taken in one cycle is above the predetermined set time, the number of on/off
times of the compressor (11) is relatively small and, therefore, the energy saving operation
is continued. On the other hand, when the time taken in one cycle is equal to or shorter
than the predetermined set time, the number of on/off times of the compressor (11) is

relatively large and, therefore, a transition from energy saving operation to normal

operation is made to continuously drive the compressor (11).
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configured to prohibit the energy saving operation
when the accunul at ed nunber of on/off tines of the
conmpressor (11) exceeds a prbBdeternined nunber of
times. 5 [00441 In the twelfth aspect of the
invention, if the accunul ated nunber of on/off tines
predet er m ned

of the c ressor (11) exceeds the )
[0k tesithiasest %ﬁlp SBERIPH i the éer}agstramn SYSseh atsopding o any one
the compressor (11), such as owing to the eney. . .
of s‘g?/ifffétng‘beﬁ*é}qr’ o?%Pe%ﬁ é’sfe r’dven%i‘ﬂ}éerﬁ‘ﬁeﬁ‘ﬁt F‘%ﬂg%/réuon system 1s

ohi pited.. Effects of the Invention 10 [00451
coTRiguy ﬁor%glﬂ‘Blttﬂi‘Fee‘PF?rysﬁaV‘é‘gd’é’E’Ea“B’f‘ whea tﬁ%@f%ﬂﬂ“gaﬁ?d rgymkeg of on/off

onbh B BRI RR0 O b P e Y
(0GR T aB R el oL B TR b e Eihy g bt of on/off times
of I sahBRsPor (D SXeEfiths hrede iRl BhFtr oline CpbRguine the onioft
oporfEPEREH §Emal ot LS Ena® SR o8 it ¥Ele ppeilon. he energy
s BRTRonTE ISR, 7t or na “cor d st orage  tenper at ur e
Eﬁ%ﬁi?@?ﬁ]ﬁﬂﬁﬁb’ﬁper [imt during the third action.

ore, according to this aspect of the invention,

[0@?&;8@%@5&@?%'@ d’lg' q'lrgta%%e&hgf he eﬁ@&ﬂjrﬁﬁ&ofhgio?(gnpressor (11) is

out  once FFowering the I nternal

int?trg&éz}gﬁri &nr?\giﬁgu?ihg g@s d&%{%‘ﬁvkﬂg"gﬂeﬁtioﬁi this fdGeds! HE op@hting power

age tenperature to reach the

of YRP@bniptdtbdr €AY A HXhieRdefaAdd b eenefgég@z{)\?ﬁ? %Enléfﬁﬂﬂa&‘é‘ of the

stopped for an”accordingly [onger peri

reffigéta€on $3@&nPPerating power of the conpressor (11)
during tthe energy saving operation can be further

[0046] U RgHiculdrRemeiRis £hé Gf kheCinyektRAU BleNdtei cBl#edtage temperature
consunmed by ‘the refrigeration system [00471

is fnetlb@erarts, thé teairdin® by ahé BécdnaRE6A afd the€mpressor (11) is then
i nvention, since the capacity of the 25 cooling heat

stoppalh) Fugherniotd) thakemphes? A DS is HeREstappednumfl thé)énternal cold storage
conpressor (11) are controlled so that the internal

tengrahnet reacige the opgsr dinik dusing) tiehthivgeadiieh WEkdrefobs; adpgrding to this
and lower limts of the desired tenperature range, it

aspeenofbthe anentien asltamphied to tieecasalwherd the sompegysorlid stopped without
tenperature deviates fromthe desired tenperature

on¢ealvgering ltbe afteme] célt estarageeteiperatiiret thethe dbwler kmity dgetime for the
can be surely cooled also during the energy saving

interpalr aeldostoraghi tempenatvam de sreadhe the upper limit can be extended and the

compressor can be stopped for an accordingly longer peﬁod of time. Hence, the operating
power of the compressor (11) during the energy saviﬁg operation can be further reduced,
thereby effectively reducing the energy consumed by the refrigeration system.

[0047] Furthermore, according to this aspect of the invention, since the capacity of the
cooling heat exchanger (14) and the on/off operation of the compressor (11) are controlled
so that the internal cold storage temperature can change between the upper and lower limits

of the desired temperature range, it can be avoided that the internal cold storage
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reliability of the refrigeration system [0048]
Particularly in the second aspect of the invention,
the cooling capacity of the 1 cool i ng heat exchanger
(14) is regulated by regulating the anount of flow of
refrigerant to be sucked into the conpressor (11)

e dE s e %@?&%ﬁ)’@ﬁf % 6%‘1%??&%3{9“? i pgrior of the cold
eat exc

SR G 2 RROIFG A AHE o, At oA oR i ppch bfdnces the
reI\vaﬁ%gpﬁh%??fn?r%'s'sﬁ?w@eni‘épai.xf'f?)?e{ e ool i ng_heat

(0GF8F PGl o, deban Sl SF R bt % St eBiciy of the
co Clo%ga% ?x'grll%eté?@@gs téerréﬁgﬁ % rrne%{sxla%}# esﬁ:{n?&ﬁxg of pﬁw of refrigerant to
bef§uc %d %5' e f:(grggre%&% 3(:15‘ Wi o'tﬁie o% qg@létgf%w%t t§5‘3 Therefore,

e pronpt rought cl'o

refﬂ g Cran d‘q’ fh[% 'We%r ?c%e% %ccxgﬁ{{lﬁtg@ Ex{'ﬁ'{eief)tﬁéc{la}%g 8{3' Hie! d?)g*l%é‘ fieat exchanger

resso

BB R S S S o
CX(?I\AH ?%)t ITﬁ‘BgQi" ok, iR 364 Bityt 5‘I|' trrhg Fﬂo%ﬂeak Bfchanger (14)

rnal” col storage tenperatturef

is tQRked 'b t‘he 1{1?941%@151'& td&We"EfS?’as' fn eis 'a@ﬂe& he ®eGRRhtion, the

actl on t cooling capacity of "the cooling heat

cofidHABIGE Bf WRiftelidf ESASRFagMeinPErafRe cdbé Btha@b&T, Asl AW@sult, in the
capacity (for exanple, operating frequency) of the

first QBHYIE HROterhd] LoRICHEYag S RAperadire @an B8 prdinitlysd sueele %&ﬁ}ght close
Unlike this, in 20 thrs aspect of the invention, the

to Ef20Hdsited GaRpérhtuye. FurthBEen 6 04ihetd et tHRXebartD 8¢tidnSthe compressor
increased - sinply by regul ating the opening of the

(112 lcavbe %ﬁt&l}aﬁt@?pédaét\tﬁe (igle)when the limtedRl colé giorspe! teMperature reaches

efore. Theretore, the cooling capacity of the cooling

theneo/er Hmit) an@@rbe(avbjded ahat Riaring ehenbsequent thirduiction the internal cold
incurring an increase in the power consunption. [0050]

stofage ttéraperatues fails beloe thélawkr fimpect of the invention, the
opening of the flow 25 regulator valve (35) at the

[0048} dfurtheemerecifridriag theosecomtliadtiog thcadlinglvapanityrifribe b@ding heat
been regulated to a |arger degree than during the

exdhangdr werei innreased bpniinereasmgdthd Loperaging apadifyr (for axample, operating
i.e., until just before the start of the first action.

freq\krmc;é)‘ of the campmssprngletp@wteh censumption Woslld gifo iripeease. Unlike this, in
invention, a sufficient refrigerant circulation anount

thig aspepieofdhe invertian; #im qonking canacity pf theiseoking keat xchanger as increased

which the internal cold storage tenperature reaches
simpe by gpgslatingrihe apening of the ﬂow regulator valve (35) to a larger degree than

before. Therefore, the cooling capacity of the cooling heat exchanger (14) can be increased
without incurring an increase in the power consumption.

[0050] Furthermore, in the third aspect of the invention, the opening of the flow
regulator valve (35) at the end of the second action, during which the opening has been
regulated to a larger degree than during the first action, is maintained during the third

action, i.e., until just before the start of the first action. Therefore, according to this aspect
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restart the conpressor (11). Hence, the air in the

cold storage can be pronptly cooled and the internal

cold storage tenperature cantbe avoi ded fromrisi ng

above the upper limt. 5 [0051] Furthernore, in the

fourth aspect of the invention, when the internal cold
ure fall l.ow t he

' ] the inter
of tf, ARG ome SPRIG TGN SHBIHIGNamORPTA egnufipy Bophe start of
the g 08 3 et ot ol Sped demr@afip Fafles Bt yRpyalimit to

res B ForpieSrer (Fjetoftso sy iinife sPid s @ast B brompyly gooled and
e 0855 s S SR BB P AEAE B8 e s i

10054 8ot iR bR Bopek e MRRNen g BbPE 8 sorage
temgg%a%ug‘g gal%st B%ov, BeSIORRE B@?eﬁfﬁg%%??ﬁda%cﬁgggﬁggﬁﬁﬁ 1P iLSorrected

romrising a

to gl‘r%]g&g% S?#{{@fo'i@ngxethe[ Bgfiﬁ:]énd':%éﬁ?{iﬂ’ B&mfs” thd 2‘}*2*151?‘ ?3151 storage

( asﬁects 0_ |nven 1 on _ e I nt
tenpfabore i X il S rling B8k tht i Bl Bhpfa e

[Oﬂ?ﬂﬂ goinﬁ'ﬁfi@fs%,dinf the @f&ﬁg&d?to?rtﬁ@{nvgﬁ’ﬁbrﬂ Tk Igé .iorif?&‘{li&lﬁld storage

action and exte the stopping perio

terx@%raht}@ risedTdve IR géﬂe} )imif_'@cﬂﬁ%thﬁz HestoREbAthE ApRRWRAit & corrected

e conpressor (1 during the energy saving

to ARQEARL] Thefeldte Pen fth QY ah@dber dirst RAIARY tHelktBRhl cold storage
effectively enhancing the energy saving perfornance

terx?@raht}@ chiebé hefded fréMi risinplaBve (HGRifihI dé‘sirémﬁrﬂéﬁia@ﬁr_@ 3nge.

an (16) were fully stopped during the third action,

[0063 Farhemdirellif the’dixtliafd eightt AspBctS bf fhefinventibh&h€ flténal fan (16)
storage m ght cause variations. In such a case,

is dedved, hiirinightBe tHirdl 2468 at @dbweStotdtidgel speed hi iesaihiithe quantity of
reached the upper limt or not, i.e., whether a

heat lidexatedi foom fthe atéralr fint(06 Y duriiig the tthipd astivauddl deeniBdRe stopping
or not, could not be correctly determ ned. Unlike the

perakafaimasfthetdompreskeor (AE). denoe) thy speratimrpoweti afghd compiessor (11)
aspect of the invention do no nore than nmake the

duringt thiei eneagy spangl opératibre camtber fuathef agdutdd)therebe furths effectively
Therefore, the tenperature variations of the air in

enhaheing diecenstgyrsayiag parfoimsance nf thedefrigerationaystem.r ange.
Hence, according to this aspect of the invention,

[006#let Hetheanternah&ant(L ) wéne duhly stoppedtduringjthesthird@ctiom the temperature

. shoul d be nmade or not can_be correctly determ ned,

distriputien pf airdnithe egld storegs might cawseoasigbonse Fp st 4ieesec whether the

. be further surely kept wthin the desired tenperature

intqrag] geold [0eoregg temparpiareo hife reaghedy the ypperelimitser Wakrie .t whether a

internal fan (16) is f.uIIK st opped only
transition from third to first action should be made or not, could not be correctly

determined. Unlike the above case, the refrigeration system according to this aspect of the
invention do no more than make the rotational speed of the internal fan (16) lower.
Therefore, the temperature variations of the air in the cold storage can be limited to a small
range. Hence, according to this aspect of the invention, whether a transition from third to

first action should be made or not can be correctly determined, whereby the internal cold
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during the third action as in the seventh aspect of
the invention, this elimnates heat |iberation from
the internal fan (16) duringl6the third action.
Therefore, the tenperature 5 increase in the cold
storage during the third action can be actively

restrai ned. Hence, . accordi ng to.the seventh aspect of
StOfaRE EREEAIRIE i OF AUt GBI KPP EH RN R BpSTRfe rene.
ressor (1 an be extended, thereb ectd vel
1008810 in et rher s bR cERrv R tht g eI PGB Y siprped only
syst.em,.l.n addition, the gperatin ower of the .. .
o entind aiopr ) B the, SHERBGRPEY S B iy orilony A igpinates heat
. correspondi ng, to.the riod of tj dur i ich th
by R eniis 187 (PO e bR fiien nipetifofy e froperatore
. action.. Thi.s further .enhances, the ener SAVI: N .
incfiald 31 o oy iERe e (B R piitor G B BB Festained. Hence,
Furthernpre, in the ei h . f J.0Vv I OlE: 4
sccpltite’ 5o 3Pk i aoBe R b {FERRED. fis, AOBEERBAEP time of the
¢ o ' g .
ol RE Ty 1 35350, SRS L e 8BS Bhoumption o
i ral rage t : | .
e R 574 8. STRBLA BB AP ) s reduced
R i abi Lit o Lok
by SAERTITREEE hARPRARAE R I perl df Hine HELIR BRIGH b Botemal fan
(16? NY CabNhied ABERS 'thé thitd %{i&h Oﬂﬁg RSO EARInce O R @hdrBy saving
0 energy saving operation should be rmade or not is
per?d%hﬁﬂ@é&ﬁtﬁéhéﬁi@@rﬁ%ﬂﬁﬁ%. Particularly in the ninth
aspect of the rnvention, the normal operationis
[0058]'T IFUYBEmiIE] In tHRCeigRthS pebioBf HRMRREAASH, @hOTinRiral iddld storage
the cold storage ' before passing through the cooling
tentpRedture Sl CRAAAEEA! beltvhéen the! deSirdd tdmperdth® A@Stheapper limit during the
tenperature range. In this case, the suction
endr&BBARE Bp&aticn. Therfne) theUhRrl cblasstérage tempehturedadl be avoided
storage before being cooled by the cooling heat
froexddvaatiag frdnd e Altvablehempératues rangé, avifich aihaheescthe seliability of the
the actual internal cold storage tenperature.
refiipeadogysteni.f whether a transition to the energy
savi ng operation 25 should be nmade or not is
[0088} ernithedintiaseitenth dspertsolCthe dmventomerlsthar e, trardsition from normal
refrigeration systemcan naeke a transition to the
opaatiorgly enengyrsgving eperbiianshaiitddre madeporowopis aptdmativgBy tétermined.
actual internal cold storage tenperature close to the
Partiggliarlg dn thenpathaspactof tha geventiem dke ndrthal gperatiafi isgonianuedaimtil the
ninth aspect of the invention, stored goods in the )
suctioh demperatige of @ir inethesenld|sorageobefdrenpasting thraughethe rcegling heat
tenperature range, which allows the refrigeration .
exchpngasn(l4) falls within the desired temperature range. In this case, the suction

temperature is a temperature of the air in the cold storage before 'being cooled by the
cooling heat exchanger (14) and, therefore, a temperature close to the actual internal cold
storage temperature. Therefore, if whether a transition to the energy saving operation
should be made or not is determined based on the suction temperature, the refrigeration
system can make a transition to the energy saving operation after it promptly brings the

actual internal cold storage temperature close to the desired temperature range. Hence,
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to performan operation placing great inmportance on
the quality of stored goods. [0058] On the other hand,
in the tenth aspect of the ildvention, the normal
operation is 5 continued until the bI owof f
tenperature of air in the cold storage after passing

t ough .t he coolln eat exchanger, (14) fal]ls thin
accp é“gd fheeRinthe?ipEstat e IpYRgen. §t retrgaodt ja dhe el storage can be

o288 &iﬁgg%gf4es{reeq)@wgmg&rgﬁzés%gmg&@%§ms:;gm.gﬁraapon
: .

’ a%a&gszam ko TR0 O TR

0B %w@a@w@; i

t..on,te rat ure

confye g&? 3‘?‘7 A5G sPRnt At B R SPRCHEPEY BhetnSting troueh te

coofBE 5% SRMDEY BTl R &i‘e?d%?r@% iEpsrvulh gt Fiscase, te
blo@gﬁ(?érgfag}gtu%e 1staqgm beer fDe oARRES! 1n fHle coE] e?toﬁég %Erobge‘u&{]ooled by the

savil ng |on can actil rrre

€00 grh%?[yexchgrfgg “g? %}%& ?}ﬁér%fe%gt%ﬁmgﬁ%gﬂeo %Béltxtg 19w tgan the actual

{ .
IR N L S ——
opekaﬁwﬁ%guﬁygg 88 oF N6 ereS AN IPELRE 0B thé §u&mrtteﬁ{pﬁ§ture, the

e predetermned set tine, a transition to

refr{géi*zﬂﬁln s‘}?t%ﬁﬁ&vb@lﬂ thakedy! ?ﬁérp h%ne@l@%ﬁ sa{lﬁﬁo(;rﬁlﬁﬁion at an earlier

words, n this aspect o e |1 nve

tlmii‘lﬁ'fﬁ% allor@IAg A thet ﬁxﬂﬁxsas?gcttd?EihQ ﬁmaﬁﬁ&?' Qerlcd LdccBidingd 8 the tenth
energy saving operation 20 is large, a transition

aspédt QM BIvENti A YheEhePBRE §AANOBper&i ROt akBile %E@t éa?x”ed Sut, whereby
made. Therefore, the nunber of on/off tinmes of the

the GEOfMREREER Isy4tdrh) cah Gierfoem! ROsise@stiona&in érdﬁ‘g)o?tﬁnce on ener
e(lggﬂr%gat ed ?,I feti rre%of t he gigeﬁ'pre\éﬁlor 1). [0060] &y

savingfefformaice. in the twel fth aspect of the invention,
when the accumul ated nunber of on/off times of the

[0089npFeshamotel I tiexalewrtth ddpectrotheVinventidry wileh @hdtifie @sken in one
of 25 on/off times, the refrigeration system

cycler affinbigyssaving operatigy isshorter)thapeheapiedeterniined edtainge, ai transition to
can be avoi ded that the on/off operation of the

the conyal @psmtioy Isljutorsaticaliy atade. Inrothdrewards ig vhis sspectingf the invention,
operation even though the lifetinme of parts of the

whencthp nemberr of(ohoff times bitht eomgdressani(El ) Haring teng@tgyssaving operation
lifetime of the conpressor (11) and ensures the

is largs,jadtipanisitiop fisfm ehergy edving epeastianto noymaleoperation is made. Therefore,

the number of on/off times of the compressor (11) can be reduced, which provides an
elongated lifetime of the compressor (11).

[0060] Furthermore, in the twelfth aspect of the invention, when the accumulated
number of on/off tirﬁes of the compressor (11) exceeds the maximum allowable number of
on/off times, the refrigeration system prohibits the energy ‘saving operation. Therefore, it
can be avoided that the on/off operation of the compressor (11) is repeated in the energy

saving operation even though the lifetime of parts of the compressor (11) is shortened. This
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Brief Description of Drawings 5 [0061] [Fig. 1] Figure
1 is a piping diagram show ng a schematic
configuration of a refriger®tion systemaccording to
an enbodinent. [Fig. 2] Figure 2 is a piping diagram
showi ng the refrigerant flowin the refrigeration

syste cor di to the e di nrent when the... . .
elopgss tg]s?lgqqr%ofg@gf@ﬁmeésorzg@@a eRapres e pelisgility pf Breggfrigeration

3is atime chart illustrating first to third actions
SYSfl-an energy saving operation node of the

refrigeration systemaccording to the enbodi nent.

[Fig. 4 Figure 4 is a control flow chart illustrating

trol .on {tching between a nornal operation node

@Wé‘r%ﬁd’%‘&w operation node of the

0oL B8 AL B Ao i Bl sh e HIREHFBhedion of o
er ant ci.r 11 conpressor 14

Sysiem 10 refri, ui t
re s%eé?tf%gsyﬁtggiacg% tgeap_e(*g{??g%?%t or) . 20 16 internal

val viie S B0s"F B F BRg oikBal" heiRE ShEC Ty gy in the
s SIS R BT ARG, S PR, svsem i

oerﬁf ence to the drawi ngs. [0064] The refrigeration
SYs é_m (1) of this enbodinent is used for cooling the
I nt ep"i r 3EfFi%lﬁ’e goilsqahﬁﬂlgrc"hgﬁ i10stating Hrdl REhifdO4ctidRE ih An energy
sea trdnsport or other transports. The refrigeration

savg)r%eoljﬁya?foﬁ'ﬂlé&vofitﬁ@}e%atﬁm gtEh%Eée}?IngQB K hbddh@int.

3
s
ating In a vapor conpression refrigeration cycle

by ciFigulplioh@ 4 &id é(%xgxggaﬂbwtélﬂﬁﬂ bt ateg colthf 8alswitdBing between

refrigérant circuit i ncl udes, as main conponents,

a N8t PPERAESH mddé hhd af en&r@PIBHAEL bpdrdon mdBe BX BRYEfrPRration system
val ve" (13) and an evaporator (14) all connected

accbRBfi€iothe embodiment.

List of Reference Numerals

[0062] 1 refrigeration system

10 refrigerant circuit

11 compressor

14 cooling heat exchanger (evaporator)

16 internal fan

35 suction proportional valve (flow regulator valve, capacity regulator)

Best Mode for Carrying Out the Invention

[0063] An embodiment of the present invention will be described below in detail with
reference to the drawings.

[0064] The refrigeration system (1) of this embodiment is used for cooling the interior of

a cold storage in a container for use in sea transport or other transports. The refrigeration
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5 [0066] The conpressor (11) is conposed of a fixed
di spl acenent scroll conpressor whose notor has a
constant rotational speed. THe condenser (12) is

pl aced outside the cold storage and constitutes a
so-cal | ed air cooled condenser. Di sposed close to the

sySlegh O o e Tebisermat %aﬁé&ﬁéﬂ«?ﬂe(%%% B PG S girigeration
ondens rovij.d t h bet

cycleby ¢l %ﬁ&' %@£ VH@%@“ a}giS)(;Caiapgsedel\ge;eﬂereto by

[00%&“12[.% H'y(gf?}l’? Egé W&ﬂg‘ﬁﬁ@gl 2 eﬁgﬁg @ﬁo@%@%ﬁg SPm{){%jor (11), a

The o i de te era

congERisE |73, L RpRnion & &&@é?a%qs “f‘ o HiA Syt grein

(008 % t%g‘i*P%%g‘g‘g OB sreoathastd 8 8 ﬁ%%f‘gg ARARLA ot ¥Gmpressor
wh St B8 £ e Bt spdf R gy S €20 s PR Bl e cota
oot Fielel T et & 8 T 0
(2§ L5 YGe S50t REBRE AR AN ke dfiensRy 10, Rihermore, the

or co ng e ltnteriror o

con?l%{?%?%f%) Ba%ﬂ%gg% ? obétu%en %’@1 %er{ %As)nd' cutéille air fed

dln alr I e Co st orage

thelefo bYGhé Q%ﬂiaﬂ?{n {1@) AES JRPRRAY abQ to(éaé)coﬂﬁeﬂs& (12) is an outside

circulatin e a r'in the"cold storage

ten@%?a?%askﬂsror Eéﬁ @gﬂg& fe cpiRdfe LAHINBG d@@&fﬁ@ﬁé‘teanperature of

er ant ereln In the col'd Storage f

thetem%h?él Qir (BMtsiB ir) iR 8o thaBohdeRser (f4)50 di sposed close

to the evaporator (14) are two tenperature Sensors.

fc'"lfHeC 8kpansiof $al6d 1 (@B) li§ NGRAVsed ofS BRI S&léctioniR) e&ﬁéinsmn valve
ecting the tenperature of 'the air in the cold

regﬁIaﬁHb&gﬁx dpenhi. TRE opéhingd 6f B¢ RRPARIAN valved(13) & Rpslatderdcording to
close to the evaporator (14) and upstreamthereof in

thetdagret lo® %’ﬂp&hdah@f refrigekdnt AB®inpodud of thereaggoraton(14he ot her
25 hand, bl owof f tenperature sensor (SS) for

[00d8] eCﬁhel’egapdTEtot €1 6s platddeinathe tbld storagd in théeomtainer and constitutes
storage havi ng passed through the evaporator (14) is

a coblipdsadexdhasger for ddoking thepatesion of the4pld stiordgel dhspdsed alose to the
thereof in the flow of the air in the cold storage. 20

evdpOi&] (14) Wiandhtarngkfani (p€) fo? flednlfg dihin the npldestwage ity corgainer to
connected via a check valve (31) and a discharge

thepevapetatar (1dYwWhilei cigpulatingethé 39 irt thet heldi siéiagev ‘Eedl ewdporator (14)
the condenser (12). The outfl ow end of the condenser

proyidey heat mhmgctbedvmnaeﬁlgpmem:aqm a8dpir in the eadd storage fed thereto
sol enoid valve and a hi gh-pressure channel (34a)

by dfe mteradoiandi®eA méﬁp@zd ledasgde tigayappeaternd4) are two temperature

sensors. Specifically, a suction temperature sensor (RS) for detecting the temperature of
the air in the cold storage to be fed to the evaporator (14) is disposed close to the
evaporator (14) and upstream thereof in the flow of the air in the cold storage. On the other
hand, a blowoff temperathre sensor (SS) for detecting the temperature of the air in the cold
storage having passed through the evaporator (14) is disposed close to the evaporator (14)

and downstream thereof in the flow of the air in the cold storage.
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5 expansion valve (13). A suction pipe (22) of the
conpressor (11) is connected via a suction
proportional valve (35) to 2fe outflow end of the
evaporator (14). The inflow end of the evaporator
(14) is connected to the expansion valve (13). [0070]

The econom zer, heat exchan er 4 vi des, heat
[0069] ¢ haﬁ&gcb@g%@ﬁ (#brof |tl©eeqmres I Q?},) Esgcopﬁ?cé%wataﬁgeck valve (31)

and s PRSI SHRIEDE RO RS Ig ENoN 9 L s et )

The(cgﬁgym @chf nfgl(ggg%eenggra lfa) Esggﬁr{nggpg rvt?atsjggé%g\ge;r] ?gﬁg Iaaﬁrst solenoid
d sol d val th

A e Sea e Rl B RS2t 0 o

expPE ?eéz's?@is@rﬁi SteERaRD ok poprebhe ERE T vib sucton

profeibinl s 35%&&3 St Gint B Polpbreir i "PE BB o of

evo§i ERQ5 ey %'3?‘%%5%%%%%@%‘“@ L e
[00? >) Fﬁ? Qﬁotdxlotpﬁ%eerﬁxggt gxggan&f E&ﬁ:) ?%:03{1% f}lg\é{e%){rtr:gu age between refrigerant

ol 443HEe 4SEH A ISR S0 5, Al v
thro%gﬁ Gows rgs§ur t R GnrRey %.*fdb‘?”m ABRS P%@llle N)W ffx%ss‘.ﬁééhannel (34b) is

NSt a capaclty’regu ator or regulating t

conﬁ&%4 Olg aCc%B 4re)§ %r | 63 fanli I%esecméﬂoﬁf vil\]lt-f1 42191'0 the p1p1ng between

regu at'i ng er ant I rcul at1 on anpunt

t |
the %Bﬁ&il 8 e@fzgccor & H&‘éivgpt%gp FRE LuBTA) eMdlorané 3@\)1 p'r@ssure channel

regu Ing to detected tenperature of an

(342}1%193\% bRESONA ifOhntkdskO SEE RNt FEP LA Usfethe edbiressor (11). The

spose In the interior of the cold "storage in the

1nteﬁﬁ9&1§ie"h%€tlor[ PO t1a] openseitrd ﬁﬂfp@[ﬂt of f’a@ﬁégé aloh@)which refrigerant is
Includes a first déefrosting pipe ( a second 25

cor&tﬁégs@@m A8 cOmPRsi S meckaniing SMEQSH?%S&XP@SS pi pe (25)
and a liquid 1 njection pipe (26) whi ch are

[00??””%& echctibe 'RbportibRdd 7vlvel [(85) iconstitated rao flowngeguilgrer valve for

and the second defrosting pipe (24) are pipes for

regéla rl%]tlﬂﬁéfrig&iahﬂﬁrdm{oﬁm&n the esftiperantadircuiy €1 @iy regulating the
di scharged by the conpressor (11) to the evaporator

amduld Jof trefrigetaint {0 bs sucked diito rthe tompressar(dpo dmbther (Wotds, the suction
The first defrosting pipe (23) and the second

propeftionaltvag B5peorsititesar eapacinneeguiatbradr tegelating te eooling capacity
to the piping between the check valve (31) and the

of e seiporaer (14¢ by regnlatinguhatefiigerant| cirgulaion amountc $he eperang of the
at

suction proportional valve (35) is regulated according to the detected temperature of an

-

unshown internal cold storage temperature sensor disposed in the interior of the cold
storage in the container.

[0072] The refrigerant circuit (10) includes a first defrosting pipe (23), a second
defrosting pipe (24), a discharge gas bypass pipe (25) and a liquid injection pipe (26) all of
which are connected therein.

[0073] The first defrosting pipe (23) and the second defrosting pipe (24) are pipes for a
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5 their other ends to the piping between the expansion
valve (13) and the evaporatqor (14). The first
defrosting pipe (23) is pro@?ded with a third sol enoid
val ve (43) that are opened during a defrosting
operation. The second defrosting pipe (24) is provided

e e SEOFESHR S Lo RRERES 1 v
B AR iy P R .
and FGESGPET gr AR e (AR RRToRReet Ageh O B BCRe Biniby Berween
the AT RREIOTE BF hsHief Phosie FREUARy Rk 15, ponnected a
thesf, Sy £h 4k B et T, BRERIPh Malve AREApd R, yBorator 19)
Il g 089 R 84 PR o
o 80 A M O£ i
sole%lB%l: %dé@gﬁ; B de opRffed utl-ﬁllgq?xg ﬁeﬂ@sﬁin?ngl%gigﬁ,i 4nd a(&’lé)n pad heater

returnrng the refrigeran arged by
C r 1 : t4 : Si :
57} B e gl ) 40 g4 B 15 g o g dw

con%éﬁa@di@@&feﬁﬁ@g%dl@f flotn FheCRPrAte/6F thd Bagrst6 @4t 8RS0l storage

ypass pi pe serves al so as an oi'l return pipe
of thecohBindr."THGefofd, I'WIES Al fFattedifihate! by tHe EdiBpressor (11) flows
refrigerant 20 di scharged fromthe conpressor ?11) to
throuBR t18d187akrP Pars hélferqB 7} i&irpOMMRREDMng dperatiohl Brost and ice blocks of
di'scharge gas bypass pipe (25) is connected at one end
dewt QoAddis&idd RaitdCieobited e hbediin Yah iakd htat Fvth (the refrigerant
fourth sol enoid valve (44) and connected at the other
dischifged Oytthe compiesdr (DBt akdaherebe neta Dariag dkie 4figstiap dpetacdion, the
suction proportional valve (35). The di scharge gas
dischyige pespie eeguddiing valver(?) id s¢t tomatfbilyclbsdd gosiivhenoi d
val ve (45) that is appropriately opened 25 according
[0074) opPhe adischgrgeogadi bypass .pipcd(ZH) isThepipe cfor detumirg tthe refrigerant
pipe (26) is a pipe for returning liquid refrigerant
dischbtgad bg dhérgommressde(idatd tha sictiontsédecafithie nempreésb (1X) osuches when
suction side of the conmpressor (11), that is, for 22
the saoling|dapatityiof thedeviapprator (bt is Fxvesdivey (ibd disaharge garbypasgsepipe (25)
(26) is connected at one end to the piping between
serveh @lsbi assan eibresvimi pipe &01vistuming apfigetating qrachiriezail iththgtrefrigerant
_ exchanger (34) and connected at the other end to the
dlsqurgﬁdgt%@m eompresseru Ckl) do the spettan sidal ofvihe veonjgesson (). The
~the conpressor (11). The liquid injection pipe (26) is
disqhargei gas PYRRISIDIBE G tih cawslestedial opglepd to the piping between the check

valve (31) and the fourth solenoid valve (44) and connected at the other end to the piping
between the evaporator (14) and the suction proportional valve (35). The discharge gas
bypass pipe (25) is provided with a fifth solenoid valve (45) that is appropriately opened
according to operating conditions.

[0075] The liquid injection pipe (26) is a pipe for returning liquid refrigerant obtained by

condensation in the condenser (12) to the suction side of the compressor (11), that is, for
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5 (46) that is appropriately opened according to
operating conditions. [00761 The refrigeration system
(1) is provided al so with arf2unshown controller. In
the controller, the desired tenperature in the
interior of the cold storage in the container is set

a set . tenperature TS, . Furt her nor in the
so-galled BAUia Aniethiagie 108 i iiFCHON RIPS () s Sopnested,at one end to the
. desjred range of .internal | d.storage tenperatures i
PiPH}E BTREER theafrsh §°16'Efé$ Yelveid1hand tho eoomiEea dea: piehagact (34) and
scr.i bed | ater set .in

o BSOS ShL b P e iz 69
BB o o S5 AP B R i e

) Furgherrmre, t he

(4 63% lri]soz:tﬂ%éépr;}%gélg \f/’\g%ﬂelﬂ I@‘?‘x\tﬁi'%’g ?Qragé) efé% R or rect i on
. . : T
looﬁﬁnmfr%ﬁ%%%%ﬁﬁééf%gm@%#ﬁ%? Ak STRERE Rk BBl 1 the
i cat i .- 0 . - i i . .
o35 P4 AR RS RO AL o R e s
as g ?&rt%lggrgﬁr%) IcI“Sf Faferiddred srg{h% %on?lglg g,sltl}#ér Hf]lflo%lr ﬁjimits aée set as a

orag he’ contai ner "by coo0 ernal col

dediel e SEURERR) AIE stopfiel iy Bl B B8 2l SptiBe eration mode
whodd B@tgﬂ%%ﬁ’ %gd&s&ﬂ?o NGtef OfL e iRl R 9%t *?I% ﬂ%%ﬂd@l& Bf a maximum
Internal cold storage tenperatur® wth hi gher

ten} ﬁfeafﬁﬁ'éf,swﬁﬁﬂgs 4hd ﬁﬂsjezm'rﬁi? f RU&ired rﬁﬂb% 6f‘aﬁ1ternal cold storage

ove-nentione ef ros g operation. ,

tenf{R7AicR! LAR d SpiflnfEA RnpbAfuE Minki, NghRRCHsaiHeOTowi | Bt thereof.
I's a feature of the present invention. [0078) In the

Fuftheridord) ShOBSRRRIEPR préi8ed ®ith aG8kpéraie Sotedclbh GfdAns for correcting
operate in a normal 25 operation node or an energy
theSAYkiREhn® RehFdrataRe TREL and ke AifRIn eRefeddtive TiB0Gurig e energy
operation node in which the conpressor (11) is
saﬁ@@@g@ﬁhw@ri ven and the air in the cold storage
is continuously cooled by the evaporator (14) to chill
[0057Pr edDERstilmal Belidviorcol d 23  storage. On the other
hand, the energy saving operation node is an operation
nmode The reftdpietdtioh Bestera Py Bapubld 4f13 freazingdpararidri fon fileyzing stored
driven and the air in the cold storage is sem -
goadsninithel cald Istorageadfahe byntaiher v eqmding tthe inteim3l cobd sthiagé temperature
stored goods in the cold storage while saving ener?y
belotv tdre degfeaes dealsius, on chillgtgeoperdtjan (chilled operation) for chilling stored

goods in the cold storage by cooling the internal cold storage temperature with higher
temperatures than zero degrees Celsius and the above-mentioned defrosting operation.
Now, a description is given of the chilling operation which is a feature of the present
invention.

[0078] In the chilling operation, the refrigeration system can operate in a normal
operation mode or an energy saving operation mode. The normal operation mode is an
operation mode in which the compressor (11) is continuously driven and the air in the cold

storage is continuously cooled by the evaporator (14) to chill stored goods in the cold
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5 [0079] <Normal Operation Mdde> First, a description
is given of the normal operation node of the
refrigeration system (1) wi4h reference to Figure 2.
In the normal operation node, the conmpressor (11) is
continuously driven and the openings of the expansion

val ve (13) and the suction proportional valve (35). .
stoggeg. §Bp¢116 pthesthang. the snerayesvine PReTRIGROTEdE i1t 28 19 eration mode in

oo BP0 A b e B0 35 SR s i i
coftth oot bk R Blsp st B 5ud Aared ot Taiecio S Bmge wit
Lnternahé%gn &%g% are driv at nornmal rotationa
SaVIRERFTEY POaDIC Attt Prigat conpressed by the
11) .fl th h the disch [ 21
oz e DaeRtien BiRasnser (12) . in the condencer
12) ..t fri t. I 15 heat. t tside :
e et ok Rk o oL 15 Ramgel geiigh o g s Rfaeration
vl R BiELa e b Bl SpeYiresor an i
q - . i o
cofiehE Rl AE U D BECEURRShT e PR B8 e mcon
fl ' .
progggir/@ra% {Z)Jé%r?e Liesg X eggi(ﬁ;ﬁf&ﬁgazéﬁ'?ﬁ;é??t@{l‘.g%\g{f%ﬂf%refaneﬁﬁ%omal operation
B BESCd S2ho KABAIATEL 5 b, 8 B RSBt e i o
sixﬂfg(ﬁélc}?@ Hived @5}0?{{] &5 %{ %ggil iﬁgméie%ﬁg anfl rtﬂélg)aextrx]]gffan (15) and

-pressure annél vaporate. In ot

the¥efiial fn 186540 RANZ Aol Al rofXioPaANgedd. (34) supercool s
the refrigerant flow ng through the high-pressure

[0030RNNBe fefifRtant EBRpfelidd 1I9LTHR MoniPraner ?tl? Howss Rhiloligh the discharge
| ow pressure channel (34bB) is sucked through the

iph ARUiheh ent6 ke tatdeRRk (1)1 kRthe doRBénskNE 25,0(P rEFigerant releases
plﬁf%f’. 25 [ 00821 The fefr:(gca)r ant supercooﬁeg’ in thg

hed1it@ ePsBsige 4ie tcbonidbme. Thadfter Sparesfutie eeftiperaitf f8divig the receiver
upon passage through the expansion valve (13) and then

(33) |int6Sthe high-pressufey eid@heélt @4a) 6flthe. ecbiiorhizer hattpackaingér (34) and the

14), the refrigerant takes heat fromthe air in the

resc i3l rdchwded irf presdude ih the evapo ofpBsagéthwuple el dapillahetube (36) and then
interior of the cold storage in the container is

floos dhte dhe [bhvepressafe chgamnel 34k0\od tier etbacmizer héat exchapger{34)x
(14) passes through the suction proportional valve

[0083p) lartbe Esonbinézer dinatkexdhangeo (34) cthe oefrigessb flowirg) through the low-
[ 0083] <Energy Saving Operation Mde>

pressure channel (34b) takes heat from the refrigerant flowing through the high-pressure

channel (34a) to evaporate. In other words, the economizer heat exchanger (34) supercools
the refrigerant flowing through the high-pressure channel (34a). The refrigerant evaporated
in the low-pressure channel (34b) is sucked through the intermediate suction port (11a)
into the compressor (11).

[0082] The refrigerant supercooled in the high-pressure channel (34a) is reduced in
pressure upon passage through the expansion valve (13) and then flows into the evaporator

(14). In the evaporator (14), the refrigerant takes heat from the air in the cold storage to
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5 Next, a description is given of the energy saving
operation node of the refrigeration system(1). In

t he energy savi ng operation de, control actions from
the first to third as shown in Figure 3 are repeated
by the controller. Note that the principa

refrigera

oSt 98 30 bd e B0l B HITLEHARTER SRR oo e
N T T N TN RS S——
o5k BB LB g RRUIBL L i o Spees,
OBk o bR, L) 1 o o0 ed 0t

oL SRR DR, L VR o8, bty D of o
et 3 g SR Db Pl R e
o BSOS b e DAL oIR8 N B v

LRI s b (PRS0 s b s e

r: :Pﬁ] ggel city of th t 14) i
Sana égsc;ﬁ?%eg% aaié i rétg |rggtgeg] V%en theecg\éﬁpggacg;agzi tg/ IofS
. ' | it i . i S
OOBIE. HRRNE! i ) g SO S i R B 19K rven

at 4 BEmB QG HR @géed. FaithdBRrA Hurihg thd Hfk Xcticgfn;,) ﬂhzf?&itiﬁxgvﬁf)acity of

over the entire area of the evaporator (1
the GRRpdraQr CANAS kdohldld {d'at ¥ aRLAMRI 061d Wirsze REAPLALRE iDNept at the
regul ating 't he 'opening of the el ectroni c expansion
set Yéhpe@at@fe TS.he inflow side of the evaporator,
refrigerant flow ng through the evaporator woul d be on
[0085] t ISpesifi¥als), derigg theViirst 4468, the lspéning 6f the¥a&ion proportional valve
tenperature variations frominflowend to outflow end
(350fist RguliedpBy aRI0Contfd) bdzed admélie Ranebmpiligtiret M8 amdDIthé) Fetected
capacity of the evaporator (14) is regulated while
tenipeeat@ieedtl the inferdah @oRlustbage tempgratuid Senabr. \AH & @eduBD thd sefrigerant
25 throttled, this uniform zes the tenperature
circlilstioni dmduindin tie refrigeraye rcirotit (1O iregulladed acvdrding to the opening of
outfl ow end of the evaporator (14). As a result, the
theauctiompropertionsldvatteqBa)) evhessbylibe cedlaigi capaojty afrthé evapoyator (14) is
cool ed, thereby enhancing the controllability of
alsp regmtated. col d storage tenperature by the evaporator
14).
[00(86] ) When the cooling capacity of the evaporator (14) is regulated while the opening

of the suction proportional valve (35) is throttled in the above manner, refrigerant is likely
to become wet over the entire area of the evaporator (14). If the cooling capacity of the
evaporator were regulated by regulating the opening of the electronic expansion valve on
the inflow side of the evaporator, refrigerant flowing through the evaporator would be on
the dry side and would be likely to cause temperature variations from inflow end to
outflow end of the evaporator. On the other hand, when the cooling capacity of the

evaporator (14) is regulated while the opening of the suction proportional valve (35) is
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5 [0087] After the first action, the second action is
carried out. Note that in this enbodinent a
transition fromfirst to se@nd action is made when a
tinme set in the controller has passed since a first
action start point tOin tinme. The set tine is a

torcich die WiiRRIE: e mPORHEC S DB eI RS g THHiow end to

out c?pgl(glaqrf 2\§ ! ’etvggorfelé)?ggz{g? grpﬁé{ﬁg @%%nhﬁﬁé{ilg%orﬁ can be relatively

R
and a giggﬁfoint tl,at which it is deternined that the

tempEratyre, Y varaer Sl tenperature is surely kept at

(00b {17 s AFEb B8 ih ettt DR FEoRRRToR dSaErh e Nk in s

em 520 bl PSR X el bATS ARl ok ol i e

cong%) ?r;lgalélﬁéﬁsig Créxgzgfaegggggio%cs‘fagﬂ g+iﬁ9{déigttﬁﬁe.i &esrep eS8 Iadperiod of

ur I'S gra Yy crease

PR oA kBSOS PE e VBRI gy b
cori 2l I AGD e WO SR OEB Bk O 5t o i

Speclifta gtqg W%&%@é mlﬁgﬁegﬁgp%S’#g WHeR Bb mﬁﬂ@ﬂeﬁ ﬁa% S%éed since the

regu one gra rger since the ti

timg ?8% 16 land AStirle @?ﬁh‘ i} at WRRHAP i EltErndREPHat e fnkkrRdl i BM storage

unt in the refrigerant circurt (10) gradually

| ir8) terrieRdtinleVhad fcol2® a QMARAbA M first t
ta#?%%?ﬁgﬁfgmg aaﬁgﬁ}gﬁ?ﬁ%¥§g;es. [008921](;\?\7‘1en'a t he e

sechit Sdtdalis ;a4 storage tenperature decreases to the
m ni mum tenperature Tmn by the above regul ation of

[00881e BP @R REorRf adtidl, S4Ghk PhssES SIREY thieATnad paiat M¢ the( oling @apacity
transition fromsecond to third action is made. In

of Heh@apWatdlS14) Regladndlly artdagedl sd décosdiaplyedie finrmah cold storage
time point t2 at which the internal cold storage

terdpeifge ad pifadudlBoddefsaséd) Spedificdllyyin the spmndtadtien, The compressor (11)
Note that the opening of the suction proportiona

contiahsseto (b3 Trives and gguheimatifmt(@E)\is S8ll deivematrthanerndAd ¥otational speed.
every 10 seconds after the tinme point tl1. As a result,

In ¢dneragfo thenfiest actions il the seamd getio teopeningof e atétionl proportional
slow y decreases, which avoids that after the

valve 63 iig regnlatedoin beecrne gradualihlarger aiice dhre, timk gointtt brAwas result, the
cold storage tenperature falls below the m ninmm

refi geme rctculagiol mmmunt ire the wefiigera | dirsuit hQegratually wereases. and the
[00901 In the third action, the conpressor (11) is

coqlimgmapasitylof theteypperator fd) alsp gzadually ingeeases.

[0089] When the internal cold storage temperature decreases to the minimum

temperature Tmin by the above regulation of the opening of the suction proportional valve

~ (35), a transition from second to third action is made. In other words, the third action is

started from a time point t2 at which the internal cold storage temperature reaches the
minimum temperature Tmin. Note that the opening of the suction proportional valve (35) is

regulated stepwise to increase 10% every 10 seconds after the time point t1. As a result, the
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5 refrigeration cycle in the refrigerant circuit (10)
is stopped to substantially stop the evaporator (14)
cooling the interior of t he 2ol d storage, whereby the
internal cold storage tenperature gradually rises.
Furthernore, during the third action, the internal fan

el e B AL OREC A b0 e o
ol RS A% LSBT bR i BRI e
P St Bl g o

00bl 57 8B PBEEOASREF TETS A BB o e e
BB b BBl A a0 T e 8 AR s e
evai‘pgxla?oarl?%) %o%'?a% Jﬂ@ mtesx}o? N Ehe> LB RES ? %halhe}elﬂg "i]ae internal cold storage

alowrota

temg#fa‘ti\%g r%%c{:u?ll%n %ér Fot Fﬁndﬁg,i 51911'1%\/%13 ?%gg ta&?or% Eﬂixé)ﬂﬁ&hﬁlgfan (16) is
drn{e%)eﬁta[ %‘Sﬂlﬁ ?%@(gnaiﬁ e§Q18Pﬂle%%?f&rot4tfoB§1 |eB® WRkRlas described

en t er nal storage tenperature

abo% i A hdlofdl ﬁe;edqg%é Elg&al\%love t |1§ NfverTRatl ﬂ?é% during the first and

nper at ur e rd action,

secBﬁcﬁQéﬁstofh &&ﬁh{}hbf Hedt Qub it Sbtatidf ldfhe 'u§teﬁﬁlj%n [1®) is reduced,

er words, first action is started froma tine

whiteby thel rateAdf inresdd ih el Ed1H StoRate tebErafilr®d@8Rg the third action is
tenperature reaches the nmaxi mumtenperature Tnax. As a

alsé RAULdd. It Hﬁhngﬁx%"fﬁé ft&tRnal shbdd bSthdihte@al RAI1E), anekde® reduce an
internal fan (1I6) is driven at the normal rotational

abripe®fhueRHiation PR, inteital IRE (16)Jthefinfefifal $AIC{1691s once stopped and
proportional valve (35) held during the third action

theh $madaiatedyl disertdt ailowirb@ationHd epéedgFurtheirinerd, idusihg thetthisdaction, the
and, then, the opening of the suction proportional

opénigvet theBjctiva pEap@tichiabdaliy (3B) isdwid asik istna slederairoftthesesend action
tenperature TS 25 and the detected tenperature of the

(thé tilnepodit t2)ol d st orage tenperature sensor. Therefore,
the opening of the suction proportional valve (35) at

[009b SWhert thefintehmal toldsttoragd teciperature lgradsalip rises andthenaeaches the
the end of the second action during which the cooling

magimpa itepperhturd d nexalo thet ahove 7third laghionas tassition rftane éhledj to first
to cool the air in the cold storage. As a result, the

actionfis impde alntotheri werds,ahe first astinmis stasted fzam edime peint t3eat which the

_ start of the first action at which the internal cold

internalrcalybstoragp ésmaperaturereachhe thetrpaximur tepppetatrp dmeaxuAs a result, the
Tmax to restart the conpressor i and the air in

compressopH) 43 ri¥gneagain e infping] §ﬂﬂd ) is @iriven gt Q’GGJQFWI rotational

approach the desired )
speed. Furthermore, the opening of the suction proportional valve (35) held during the

third action is adopted as an initial opening in the first action and, then, the opening of the
suction proportional valve (35) is regulated by PI control based on the set temperature TS
and the detected temperature of the internal cold storage temperature sensor. Therefore, the

opening of the suction proportional valve (35) at the start of the first action is the same as

that at the end of the second action during which the cooling capacity of the evaporator
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5 tenperature again. [0092] <Learning Control on

Maxi mum Tenperature And Internal Cold Storage
Tenperature> I n the energy vi ng operation node, for
exanpl e, under conditions of relatively |ow outside
tenperatures, the internal cold storage tenperature 'S

14 S e Gpenealy “t%“?g?fq&ﬁeaa B G FAE. A bl o pefigerant
U e e B EPEY A58 8t
stoxélagfn? g{ﬂgetr? ﬁxge ﬁTe?rﬁlgP &%ﬁ rggngﬁagx tte Rpblaflie 'T}Aag% E(?stag]ﬁe cgfnﬁgessor (11)

PEGe tenperature

cL e alp ?n er Ecﬂg St aQée"}é%&g ?a:)%l t ro\ijeeI t'y@ %ad\g’lgu%}% @écﬁ%e desired

n&ggﬁ %% Les, the internal cold storage tenperature is
KePy to rise when the conpressor (11) is stopped

OB TR Gl g LB e ) ot s

Te é}g{g@&the maxi mum tenperature Tnax to provi de a
l%‘Eansmlon to the first action, the internal cold

Stor 3gehe é&p@%aﬂdér ﬁ)epaﬁ%e n'th&ie, ?J?Qe\kﬁm‘piée ul@¢i dBH@tions of relatively

tenperature r to avoid that the Internal
lov@ BLid3 LA B QAR iRteHP cgﬁvﬁcﬁfﬁgeateﬁrfﬁéfﬁtﬁl@% ‘ﬁﬁ@l‘yrts @rop when the

tenperature range owng to t he above outsid

coJlﬁnER?ab@&Hf &f hendh %dr%? adHhe ik@édstd a{xﬁﬁg eHe éia)t&ﬁd? fet{oh) Therefore,
this énbodi men executes the follow ng | earning

evéhCiB Hiu@hg 1he sbRdABESHhe SRt¥InADcAD Stopdge @mparaiare 1eBEHRS thel mMinimum
the energy savi ng operation node, whet her the internal

tenfRbAuret PThateo préile hagatsRiohalol thebir@Victibe, thenintemial cold storage
tenperature Tmn or not is determ ned durlng a

tenipjeedigicamay Falll bdpwe thel matimam Refperuref Thin®r( fher other hand, under
exanpl e, 60 seconds) since the third 25 action start

coriiticiis dftreladve¢lpihigh éutgide Spgerdtives thy intednehcdlé storageaemperature is
cold storage tenperature falls below the m ni mum

lik¢le np eis@ wwher tHencomperessbn(l1) sestapped dudag eiemhirdtacton. fdwerafdre, even
of time wunder relatively |ow outside tenperature

if dwivgj theotisrd adtmncthet inteimad reoltb stocdgs tehipsraturd reathes dh@ §naximum
flag. Note that even if the internal cold storage

tempergtarcalmas taprovideel tansitien b thenfint aciomethat internalndold storage
several tines during the determ nation period of tine

tempfergiresmeay mige abeveethefhadmum temperaturenltoan- Ingiider, to avoid that the
Furt hernore, when the internal cold storage

interaphold starage dereperatues; devistes fixam dhe qlqsgedntermmﬁﬁlre range owing to the

temperature Tmin during a determ nation perjiod of tinge
abgye gugside temperature conditions, the refrigeration system (1) of this embodlment

executes the following learning control in the energy saving operation mode.

[0093] In the energy saving operation mode, whether the internal cold storage
temperature falls below the minimum temperature Tmin or not is determined during a
predetermined determination period of time (for example, 60 seconds) since the third
action start point (time point t2). Specifically, when the internal cold storage temperature

falls below the minimum temperature Tmin during the above determination period of time

under relatively low outside temperature conditions, the controller detects this and sets a
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5 seconds in the third action of the next cycle, the
flag is reset. Furthernore, when the energy saving
operation is continuously ca@8ried out and the flag is
thereby turned on three tines one after another, the
tenperature correction neans of the controller

R E TR R S

QoS o s e S e S BT RS oo, e
NN ST L NS R——

s EREER B S e B o R g Pl or
t t Tmn .{(4.6 ' h '
o B Uy by 0o PSR o oy

s o oo, f b FRElS cart st 3 st e Sle86y RYRLE'BE e times
on tal}@r %ﬁh%fufﬂeé?m%%a ] é;] I@({r{%zrg on megns(c?jf L?Q:oﬁtl:@l{er Egrrécl?sethe .m;nlmurn

ower 5] desire enperature range

R T T
o UG  Big 45% 03 e
4.6REeh ?%fa VAR obthfied ?}? %Hﬁ’ilng a c%ﬁﬁeémﬁé, 0S1°0C € Thin, is set as an

poi nt of transition omthe third action to the tirst

updafeld! ﬁﬁni?ﬁﬂanetgﬂl?ieﬁ{uré tminoP@S! b fedhit Y whél) #Behtdr?f cold storage
col

I nterna torage tenperature rises above the

temPratu RedcREPEE RoHE&ed MBNimuY tdrifrdthRe RRBY €4.6°C) during the second
determ nation period of tinme under relatively "high

acti8H loF lad§ cledTRE KR dHrfectib ACkkdnlsiHof to tietherdictioh isShade. Therefore, it
detects this and sets a flag. Note that even if the

canl Bé &vORied Cthhd theS LREMBIE cdlENRBFagé UERpEiafifs fallobelowghe minimum
maxi mum t enperature Tmax several tines during the

temfpefatir8Tadh (4. 5°Qerhatdsl theflowerTimp bf 1@ initiabdired tehepetdtag range.
I's turned on only once. Furthernore, 25 when the

[00D4}t e Foftheranire] Bt the agerdyesavirignbperaticip asodepivhethse thbot@mnal cold
the maxi numtenperature Tmax during a determ nation

stonage itexdperhitute nisesOfibad@ the anaxtmumntentperatiner Bmax tor at a$ determined
the next «cycle, the flag is reset. Furthernore, when

durinigea predetgymmad idetgrojmetion peniod of tmat(farexamble, 20 seconds) since the
carried out and the flag is thereby turned on three

point of trasitdora froer thenthirt eaction he thee fipse ragtion time groing d8). dypecifically,
nmeans of the controller corrects the maximum

where thseinternal ecolthsterage t¢roparature rises Above thenmpaxignynh jtegmperature Tmax
correction of the tenperature correction neans, if the

duringr the rabovie detetminatiemperiash off em¥ mader wlatively kigh ppiside temperature
5.5C, the tenperature 5.4C, which is a val ue obt ai ned

conditions, the controller detects this and sets a flag. Note that even if the internal cold

storage temperature rises above the maximum temperature Tmax several times during the
determination period of time of 30 seconds, the flag is turned on only once. Furthermore,
when the internal cold storage temperature does not rise above the maximum temperature
Tmax during a determination period of time of 30 seconds in the third action of the next

cycle, the flag is reset. Furthermore, when the energy saving operation is continuously
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5 by subtracting a correction value, 0.1'C, from Tnax,
is set as an updated nmaxi num_ tenperature Tmax' . As a
result, when the internal cdd% st orage tenperature
reaches the corrected maxi numtenperature Tmax'
(5.4C) during the third action of a cycle after the

correction, .a transition to the f.irst acition i,s de.
carii it BYIGNe (e i, oy KrBed o Uipe fimen oné Ffercihgther,JB femperature
storaet?g)]?e ature rises e nmaxi

COFEHR ot 5orerdy the g uiih e Ty tg dower it
Actaifimedt S oM EaR oL bt e e GPTER I P e RHBHRT mhaximum
ter ARt A Betoh R RS 5 e petag 545 RIS ¥ Sy obtained
by bFRE & fofeis 0 PO TRat™ s s 4P Bifattd fnaximum
tenipgfelic P oS iR SR Rict Bl ol biobediEmbliiure reaches the
cofifed it (ollrairk il 1 %, diaeIBENRNd ARG oyt afer the

cor?re%géﬂ,t égfgngﬁ?rg é‘h ;a%ef ﬁﬁh g&?&ﬁefﬂﬁg&é. ?]121'% Ifé‘x‘r%g ﬂgt#ano&eﬁﬁ}iﬁéaqthat the

er such co
m S ld A AL 5o P BRHmbBRy TRRRR5°0
: j : - 1 t erati on node.
s i ol PRBE it gbled BipBaRIaggeer 2 1 o
r‘ ., e o . .
OGR! 2100 BB iR CRA i o empracs

it cANPRGhIRRY 1Rl POt (R hbote IWrhmBOntrbl easHReH dhiried JWRARe internal
bet ween normal operation and energy saving operation

coldRtordlR téﬁkéﬁ’eﬂr@ fhay TRE Bve thORSinud temhyrdtute Trirg Oherefore, if the
the normal operation is first carried out and, in the

flag &5 RHRIHIEN timke Bnedfteran6MePsintStie deteritition Perioe of time of 30
the suction tenperature RT detected by the suction

secofd efiét the &tH€ 65 e {ifsBhctioiy thdepéetaton atbde spatomaticallyl Switched
inthe interior of the cold storage. If, in the

frofothp afidrg P Baviligl@pedativni racdel to nipeatolveunteni{bnedndrmab operatien mode. As
range of 30 desired tenperature TS 3.0C, the '

a résniteumier sec chnditimna gésiprifioantht high outsidegtentiperatupes) ¢he internal cold
pronptly brought close to within the desired

stotagapenpdratuee is amgty kaptlat thb desifedrtemperhmraby thelnormal operation mode.
operation is continued. On the other hand, if the

[0096F t i viutbmatie rSatitcheCaitrdl aBétsveon thhdrmal Hperataomg &ndf Energy Saving
desired tenperature TS 3.0C, the internal cold

Opsratioaye tenperature i s al ready

Furthermore, the refrigeration system of this embodiment automatically switches
the operation mode between normal operation and energy saving operation in the following
manner.

[0097] As shown in Figure 4, the normal operation is first carried out and, in the
subsequent step S1, a comparison is made between the suction temperature RT detected by

the suction temperature sensor (RS) and the desired temperature TS in the interior of the

cold storage. If, in the comparison, the suction temperature RT is beyond the range of
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5 kept within the desired tenperature range, which
elimnates the need to continuously drive the
conpressor (11). Therefore, ihe control proceeds to
step S2 and, in step S2, the energy saving operation
is carried out. [0098] In the energy saving operation,

o B BB L0 R e P b s
ProgRARUEH P o WHLRL oS ?@tw@p i i, eref5ie, the normal
orf %338{8%‘53\%‘# %Sf sidper B ﬁ’ﬁﬁ?@%@@ﬂ mpsrEEE RISt yithin he
rank g, OG0 GEPPBISEN ST G0 AT caw?ﬁft?f%%%‘émﬁera%ﬁ? ¥ already
keﬁégwelglﬁgw? q A %{ %E}%gp \YrIF é%tg%heh{rh eelhﬁ%t%i Seéd 1 contmuously drive
o AL, TS e AR e B g9 e
av?%h%&?at?o%eg %rhg@ ouTher efore, if, under such

1ons e energy savi ng operation Is conti nued

[oogﬁﬁoriﬂ'{i? Ene?éy lelgé{wt{ﬁtf%s tlgef tinB Gaile fak Benegé %%le (ﬂ]o:l'ﬁ the start of the

Inas

ﬁrstt I%@n&{){gjﬁ'l%se?ﬁrof(tilxé'}hl dTQct ?Pi@ rﬁéa&ﬂreﬁml'ﬁe i ofe Fn? létcz:'rr]ﬂj;ﬁnson is

erature Is Fi an and the ti
ﬁ‘nr ERId anpﬁl lidt&imig&d $d@ind le,
maﬂ@be??eﬁgxﬁ%ﬁéﬂe:m@ gﬁwe&gner ay s??}@ng oﬁer ation |§gr exampre
180 §&cBhaABt ed (step S4) and the normal operation is then
restarted (step S5). As a result, the conpressor (11)

[00‘99% QABAHWHIRRU SWhén Hhe V&Smprb 8 F Qm’) B %g?éd 0 thd1€hird action under
etime of the conpressor (11).” [010 Furt her nore,

corldtiGisesr Signifie@RBURIgRNSutsidoVidnhpeirdtfires] Bt tifdé unkiP theOkiBh the cold
operation, the ‘outside tenperature OT1l at that time

stofa%e Ha % &l@mhﬂmhﬁﬁtefh@&ﬁhﬂ@ ThENRE s @ QRS lredchE) the maximum

Ther eaf ter, in step S6, the current outside

tem;ﬁrmexrealmi)e(tm ib extegsl P plidreehed, ywhiela shoreds alist € time taken in one
i mredi ately after the start of the normal operation.

cyclé10$ enérpy ishvdng opératién. Oiiesdfoie, ife opderasticli eondifiéhs theaenergy saving
predeterm ned set tenperature (for exanple, 5C) or

operatien isocomtintdaa thet inembeey tof iod o fBtimes efrfier @mpress@T(ll1 pbeddnees large,
start of the normal operation, it is assuned that the

resoltingiide shoetamxel hfictime dfabe dompressbr {1 )o o mope vathrthis, ifhthe outside
end of the previous energy saving operation and the

tempeeatyne is sighifigatheliigh anhthedimdiakereit enetcydle iSdetermfinedto be shorter
the control goes back to step S1 and whether the

thagrthe gt temeiimgtep $3; she energhenving operaticny isdegmeinatad (step S4) and the

normal operation is then restarted (step S5). As a result, the compressor (11) is
continuously driven, thereby elongating the lifetime of the compressor (11).

[0100] Furthermore, in step S5, concurrently with the start of the normal operation, the
outside temperature OT1 at that time is measured by the outside temperature sensor (OS).
Thereafter, in step S6, the current outside temperature OT?2 is appropriately measured since
immediately after the start of the normal operation. Thus, if the current outside temperature

OT2 is a predetermined set temperature (for example, 5°C) or more lower than the outside
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5 determ ned therein. On the other hand, if the
current outside tenperature OT2 is not a set
tenperature or nore | ower thdn the outside tenperature
OTl at the start of the normal operation, it is
assuned that the outside tenperature is still high and

ten%ggéﬂ'gtpo{tﬁ e i of b, %gn bt erxgttxl%(égsgn}ed that the outside
tenlpga B fronBet A %Q?ﬁtéfs&ééer 1 il ok it PRVIPYS gbeiEy saving
opsiitiorb i fe ey syt B AT ﬁ%ﬁ@ﬂfﬁe?&fs&e thp cgpirol goes
bacap, FER T '%ﬁ@o%%@%%?é%%%%gﬁ%ﬁ&a?'ra&y@er i Ldﬁﬁ? 3Bl or not i

i det er m ned

cerpeiid Rt O R B 5o PRl b e g B 0T2 is ot a se

o R B AL VT G O oo
Opqul'llo h er m&?ﬁrag& t}%alt] ?heC dgﬁgﬁgerg&l}g §ﬁﬁ ﬁ%@ %‘v% l’r‘tlguft%ble for the

ero

ene}rgs?sﬁtgg%m%@g @ger&e% il Broldlal oblio UPA oper ati on

e enérgy saving

PR P R
is Eﬁﬂg@t)uf'ﬁéramailgr(f&némme Ctﬁzﬁtéf Rur Houls) & 2 fhe operation

(11 magnet een

moﬁéI I Pl efotd el t}ﬁ;e d&ttéé\l Péraﬁ n&t@ %oﬁﬁalotgﬁréifynoig fcarried out and

time. On the ot contr ol

thﬂh@xdﬁE %ﬁ&’g? @&bug%gwmn%hbﬁm%l s@arféH'EPﬁBt 9teehRE id gtai?st

for exanple 000 tinmes) is set according to th

[01$EFC'<fPr§l§bithB CRhtrbl 6T FreFR) S84 Operdtien>Thus, if the
nunber of on/off tines of the conpressor (11) exceeds

2000 @rthérfole,2$n Ot Ngeffiferhtién adyaieen edferiliy emBodighent, when the
operati on, t he energy saving operation is prohlblted

aconffhlfed Yuber STOsHISH tRie! oftth® Bompresste (1RSexeaddsi £predetermined set
[01031 - Effects of Enbodi nent According to the above

nubéosti tireel suchhie dwihg emhegnerglyaatiag aperatiadyidnly the.nodRal operation
[0104] According to the above enbodi nent, since the

is albowedesisbthe( drkygy saving eperatidreist paohibdted v Bpecifivallpgthe hrefrigeration
energy saving operation node, this reduces the

systqpe isa¢ desgvedp weunts thet membercsfpONABEY tifries Jof anuhagmet tswiteh for on/off
enhances the energy saving perfornmnce of the

contesfl 1of hercamipoessorsiit), dmrthidyase, a time the magnet switch has been turned from

OFF to ON is counted as one on/off time. On the other hand, in the controller, a
predetermined maximum allowable number of on/off times (for example, 200000 times) is
set according to the specification of the compressor (11). Thus, if the number of on/off
times of the compressor (11) exceeds 200000, such as owing to the above energy saving
operation, the energy saving operation is prohibited and only the normal operation can be
carried out.

[0103] - Effects of Embodiment -

According to the above embodiment, the following effects are exhibited.
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5 [0105] Particularly in the energy saving operation

node in the above enbodi nent, as shown in Figure 3,

the internal cold storage telfperature is once | owered

to the minimum tenperature Tmn by the second action

and the conpressor (11) is then stopped. Therefore,
[Olbhe period of the third action until the inte

rnal. cold.
45 Asorlingtorthe abeve embaimert since i SARRTPSAR BHaty fiermittently
g, Syipache 2o SFBg SPRSUOR SR, (i (AREFS e GRating povir of the

conpr e r (11) during the ener savi ng operat j.gn . .
corIABOE LIV 5 af KB RS Aikieey S BereriEnt of i iegigeration

ower of the conpressor (11) during the energy saving
SS%B% tion node can be reduced to a great extent and,

0198 o e 35, R0 PR B, e, o
t.he ener savi era

shoidd Fipie % ARy P el Stre iR s SRS 5V R g minimum
el 890 Bl M SR80SO, o
oo . bl
bl 08, SULOUBRL L ATE B (RIRHES VAR, reches
I ’ .

i YRS, TOESILUR S o Kt TRUTUR be exenes

w5 50 Sfrstil S0 UER QR ) g 385 leving oprsin

o8, MEREy. R 1ASL IR RN SRt 1)

durirff the Qﬁ%ﬂf lsBAnS ¥pdraidn Modé BAP¥d rédtEdd B IBER exitéht BA® in tum, the
above enbodi nent, the cooling capacity of the

eneBY PRI e forthdifbe Jf the REPefltRE sPiter QU éaitetdietitely enhanced.
openi ng of the suction proportional valve (35). en

[0106F FRethérdthré, R A dnérgdf sabiin@ op¥rBion Mdde, thé4hpacityldfife evaporator
regul ated while the opening of the 25 suction

(142 e thetonTRswiteigCof tBE Lornpres i (1 Btaedicoritidfled €6 tHaf BHedfifernal cold

ecomes on the wet side over the entire area of the

storiga pairaitre(chdnges Withie fheratiowable téhperaturd afge bétteen the minimum
storage can be relatively wuniformy cooled by the

tengpeegmae aTmin, (iled,) theAtoveerr kinitl 6f then alldvealilé rtemperatur® rade, and the
the energy saving 33 operation node, the internal

maginhuwin sdngpeageret Bmpe i.at, theauppanlimi thereofp Therefone] iscandbeyavoided that
brought close to the desired tenperature.

in fharenbrgy rsevieg opemtien duodenthetintermad colddstarageé tempenagure deviates from
conpressor (11) can be surely stopped at the tine when

thetahlowablegempératut tange ofkigenhansep theaeliabglityeefcthe sefrigeration system
lower Iimt, it can be avoided that during the

(I)subsequent third

[0107] Furthermore, in the above embodiment, the cooling capacity of the evaporator
(14) is regulated by regulating the opening of the suction proportional valve (35). When
the cooling capacity of the evaporator (14) is thus regulated while the opening of the
suction proportional valve (35) is regulated, the refrigerant becomes on the wet side over
the entire area of the evaporator (14). Therefore, the air in the cold storage can be relatively

uniformly cooled by the evaporator (14). As a result, in the first action of the energy saving
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5 action the internal cold storage tenperature falls
below the lower limt. [0108] Furthernore, in the
second action, even if the cBoling capacity of the
evaporator (14) is increased by regulating the
openi ng of the suction proportional valve (35), the
operating capacity the conpressor ((11) does not
OPEEHLRFBOdCT Kk @rea?aé,wﬂ]stpwge #fsEciandit PrOREY @d FyrgYy brought
capacity. of the evaporator. (14) can be, increased .
clogg, th e M&Féa@mgr e FOMBYEINe G RBREofhe; freond action the

corf R N, e Sopb o 18 St AP RO FLEEIPISR e
o by W L AP B s
st K i Bl o PRt S R SRR o R B e (i

01} o FSprend A fohapa ek, o CorP Cplfd g W evaporator
4 Borgood SD eaiindt i Budnid & e SPlsleborbidiatyains (35 the
opetéagc.1 ecréa%égl’%l gorfgg%?c(o frggsror g{ﬁz ggéssoxﬁ% gf‘l 2 og{) REREE 39 ﬁl(rg sgtgojn)d action,

'S e ing peério
' f ' ‘ . . .
e B SRaRE oy AEF Fal e i ed Bl imcrasing e

opeéﬁferf%g@&&t 5Pﬁme5é’o§ﬁﬁg§sgfl)(lr[%[ ReEAE, ttﬁg reg%gg ggg{éiﬁ% 015 | r(r’ehﬁt%,lce of the

savi ng operation node In

rof atibEhT (9 ELRL RRHSYSRERRAT 1 es out a so-cal | ed

arning con correcting the maxi mum

[0109 P &uthiinford TRt v REbEHRIR Thd SRR {F5) 1¥HAven, during the
based on the internal cold storage tenperature.

thir8HRfi64, %k 8 lowdlSotafibRaltpbedotBhnt! dSiRYy M FirbtNA Sk a8ti6@N Therefore,
be avoided fromfalling below the m ninmmtenperature

duridy the ARied hétfdn) theddiAW Byt dTehedBAWIHg b IRIVRRY 6t thE @notdBfor the internal
whereby the internal cold storage tenperature can be

fang¥6dan LRvedted. Heme) Mevendd 8Othe tidrd &tioh hatibdhe ddRlaBcold storage
tenperature range also in the energy saving operation

tenipefifure ifedthes the igaximh@ @fptrature Tnak et tHerstaqpesfahe odmpressor (11)
system (1) can be further enhanced. [0111]

canPby &Xtendadr Thisi extdénde thdsteppirgripedodrofitimevdfahé eompressor (11) and in
transition fromnormal to 34 energy saving operation

turs Aintherl edfencescthe eiergywsavirg mhefoemanaead theefiperationtsystem (1).
suction tenperature (RT) of the air in the cold

[0136)r dyethbmiare anfthoenengy saving opesatomohodeyinitbatibove embodiment, the
exchanger (14). Then, the nornmal operation is

refigganationu sydtemmcatries rait susor¢adlad tlearpiag acontrel ST corfesting the maximum
within the desired tenperature range. In this case,

templeraterg irhanandevip aniairum teMpératuze Tmin based on the internal cold storage

temperature. Therefore, the internal cold storage temperature can be avoided from falling
below the minimum temperature Tmin and rising above the maximum temperature Tmax,
whereby the internal cold storage temperature can be surely avoided from deviating from
the allowable temperature range also in the energy saving operation mode. Hence, the
reliability of the refrigeration system (1) can be further enhanced.

[0111] Furthermore, in the above embodiment, whether a transition from normal to
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5 tenperature of the air in the cold storage before
bei ng cool ed by the cooling heat exchanger (14) and,
therefore, a tenperature cloX¥e to the actual interna
cold storage tenperature. Therefore, if whether a
transition fromnormal to energy saving operation
shoul d be nade or. not _is determ ned based an, t he

energ: SPYRE t Gieprtiont shouldbe made ppmot gerdeterminedshased i she suction
B o bt ol B AP eo i T kgine st
exchgngze (95 T b el OREieREn Coramaney Wei e Auen demapigture RT
£al§ R o BN PR < TEATA E350, Bpuno fperature RT is o
enREEY Bl A 5115 o TR (REICHIAE PROHD M gactng heat
ex B 2L g TS PORPPSEE MO Pt 3ol ibtemat 2old storage

d set .ti,me %tnans'tiontothe n

tenfi B e Ul onkea Py SEo P L ar ‘SHPipe operation
e RRIERERASEEhnsd S5 oh b AHTBE b ROATH g WBfprtion
sysgegrg E:%% hiARe 'astrallsﬂ{o%etb e te{l«%gg 'ﬁ%gé‘ g&ér%ﬁbﬁ.ﬁﬁ%xﬁ% g?@%bt{lgﬂ le:rings the

ation to nornal opera

o R R
<o St ek G A 2 R0 g o
VAEBAISAE e Gy o SN 1 50 ek mprnc

on fRPEBSSTstdrdd Jodds. 25 stopped, the quantity of heat
Ii@ratedsfroméct)he internal fan (16) is reduced by

[0192] VioPthe Reher hRAE DB dbBle érhBddiRlent WheNARRBRStaken in one cycle of
However, in the third action, the internal fan (16)

endf@Y sPfng fo?laﬂa‘bioﬁi 99Ghorvk tBsh thd) pfdde®nBmee sebtiffe aNParl3RRn to the
is liberated fromthe fan notor of the internal 35

norhr@ opérjiol W anl@matially mhddd. BCbihenwoidy] & tetabyed ¥mbodiment, when
restrains tenperature increase in the cold storage

thedtnimbeg of lod/oftifnds af theodbmpkbbe{11) urihg thesémeppi Su¥ing operation is
period of time of the conpressor (11) can be further

largex b eradsition fibmodnesdyfsaving opemition thw@mal bigergiivnds made. Therefore, the
consunption of the refrigeration system(1). In

nurableti 0f @n/off hienespefl diei ngmpessor A1) tche bentednoal, Wwhich (fAr6yides an
is al so ,

elongated lifetime of the compressor (11).

[0113] <Other Control Manners>

The refrigeration system (1) of the above embodiment may carry out the following
controls.
[0114] In the above embodiment, in the third action in which the compressor (11) is
stopped, the quantity of heat liberated from the internal fan (16) is reduced by driving the
internal fan (16) at a low speed. However, in the third action, the internal fan (16) may be

fully deactivated. In this case, since no heat is liberated from the fan motor of the internal
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5 reduced by a quantity of power corresponding to the
period of time during which the internal fan (16) is
deactivated during the thirddaction. This further
enhances the energy saving performance of the
refrigeration system(1). [0115] In the energy saving

o) ti.on node .in the_ above enmbodi nment, the coolin
fan&iﬁh@vw bie twrd aefiapothis &tlveﬁmsesrrgm@ F%‘HEE.{PW m&qaégé% dhe cold

stogit Ailnt Be B0 et Dhelom e ibmL ﬁge PiyLOF S iR gpmpressor
11358 YE Sonbricetienegy %&30%?%%1& refiyces le GHE PRyt pendutiption of the
refiggirion svaien) e *ya%{‘%}»t 5, SRSt Paver fiLthE StERIp! 87 (1) is also

at..th

reafied by 3 Eimfify"bf, Bouh ?%?%a%%i ?#CZP?WEH Pﬁ?@f e pich the
i 11 FE

mte?'x&lgrfgrg Z}@?xgpdgaﬁwa{e 0 eu?%% écq}oH ](THEU{A‘BB lafices trﬂe energy
sav} %gfo Mee ogrt]h reﬁ}%};{{%&ﬁ‘ngggg?i ture Tmn is set, the

erna col e is once Iomered to

[Oliﬁl ¥ %QHHH% nﬁ@fn@ %?atlow {}lﬁgfy rﬂ'x r}ge a%gxaé %ﬁbggm?e%tt ?ﬁecooling

€ conpressor wever

R e W

maﬁﬁé m@ opéﬁné I8k $he® Qﬁ:ﬁong{\] otrpbrfaqj vafk! @5) la? SrefgWedlSthe cooling

the i nternal S orage te era ure reaches

capﬁ&ﬂm)it e e§§§o_1|*_§t§1”ﬁ§ ﬁIa b8 ilcredsed 'bg% conB¥! mﬁ}:reasm% the opening of

t erfper at ur max a te the stop e conpresso

the Gdcklon ptBSIrESR) Qalvk [1$5)36 APRE NmeBfRld PR thd LaR o?fthet d38ond action
conpressor (11) can be shortened as conpared to the

or BOOPEConiGP fighinE B the HAMBMAS tenflebAure Trhidi baséP&ifiheldéRcted value of
quantity of heat due to driving of the internal fan

the {rtEhallésld Bgragh erbftiritdreaghdorn can be reduced by driving
the internal fan (16) at a | ower 25 rotational speed

[011 éJan Fdtthérfi®ré, lig tHe ér&t%]yashbirfgrbpefdmeh eiyderi6 dh bR etehtbodiment, the
rate of increase in t internal cold storage

midimoupeteaiparacurel Tidin §s defahé iterfalaold Aoragéiengeratadedd ohde lowered to
this case, the stopping period of tine of the

the mainjpmwa sempdritige Tain berirgxthe seemhd astien ahy theheonepressgy (11h is then
the 36 refrigeration system (1) can be saved by the

stoppede Howedercthe @nmpfessdrd 1)amy bs stoppediithoyt dwétjng the internal cold
Furthernore, in the energy saving operation node in

storape texhperaturendwitigntha tsecandeactiopelni this cilse,t the thint a¢toon is terminated
proportional valve (35) at the end of the second

wher theointéraal nwildh steragsdtempentature tréasheméronf thehsst t¢rpetature TS to the
action, i.e., the start of the first action. However,

magiring gemmeatunqi"l}rqax after the stop of the compressor (11). Therefore, the stopping

period of time of the compressor (11) can be shortened as compared to the above
embodiment. However, also in this case, the quantity of heat due to driving of the internal
fan (16) during the third action can be reduced by driving the internal fan (16) at a lower
rotational speed than during the first action, thereby reducing the rate of increase in the

internal cold storage temperature during the third action. Hence, also in this case, the

stopping period of time of the compressor (11) can be extended, whereby the energy of the
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5 action, the opening of the suction proportiona

valve (35) nmay be fixed to a predeterm ned opening

i ndependent of the opening at® the end of the second
action or may be regulated, for exanple, according to
the internal cold storage tenperature. [0118]

Eur t her nor

re gV R BH B 1 o4 PO e JOReT SR BF SAaPTessar (LD

870 I 5 SRR e R b aimen, e
ondRE 15k s B S Pl ORIt Dmines
RO A0 D8 SRR D R e i
ot B ShEpe of e NenSLPPERE s 38 g B ffkeg do @ predetermined
L TR Tt IR e
for A ackBraliftofifl, fucthf  BRCbla P EuloBlandedy 0 17 0011 1O

[01%@2133 ?&%‘%ﬁ’f@ﬁg ‘r?]ﬁet %Jé?@g%ﬁ%;ﬂﬁgo@?ﬁioﬁéﬁxc esiﬁm%@g%)l\%; Jn?téodiment, the

eat anger
suc?ﬁ{.e %Exfpg)a% 1 Ivglsrrg g%%}"ig I\Igecg?y? g::'a?%di‘t\'%frte%’«lﬂﬁtﬁg ol RRhlatifif the cooling

capREiSOSE B BvasSH A [14) SABRE R Ug cb@fi‘x‘i?tr:%i'a&ﬁ HFI{}'llagetvgporator (14) can

desired tenperaturé, a transition m nor ma

be RIpAIEM, T8 eRAnPBEHR ket thé bpefin e EtBhRV&ansion valve
tenperature ST is slightly | ower than the suction

upstrea¥h OF aHelivapdFhtor (14) Rk gl Ringithe ddph&itycd¥iBe cohifrebdor NY
of transition fromnormal tO energy saving operation

[0115] FdrBaeRAe am HRNILRDVE bniddiiént2 Mh¥dies APESHsIRIM frohnormal to
other words, in this case, the energy saving

enefgye bR lopefationl shogld Beltmadet Br aohiiglieterhirRquUbRey dnmh@tie suction
in the above enbodi nent. Therefore, the refrigeration

tempyt @8 RI19f théaik v the CaRkestorage kel fod Matatheogoliag hedt exchanger (14).
pl aci ng greater 25 inportance on energy saving

Howevdrowhem tlee blodvbOfentperdnire rST0E the air tilneheaboldestorage after passing
enbodi nent, when the tine taken in one cycle of

threeagh thp/ conding hgatogxehagen(l4) isotetdcted tytthe blosfoff femperatwe sensor (SS)
action to the end of the third action is 37 beyond

andt the plowddf demperattires ST fallsewithint napredetemmined sehdemparatare range
operation is made. However, when during the energy

inclydingregdesired demparatutee attfamsitipn ftom hermal ¢o ehérgyl saning operation may
whi ch the conpressor (11) is stopped becones |onger

be madey Bhepblewetlctemperatire 8T isishehtlyalovyes than thersueidon temperature RT.
normal. operation may be made. Also -in_this case, the

Theggfarse in Hiis grseothe timing ©f dransitjen from normal to energy saving operation is

advanced as compared to the above embodiment. In other words, in this case, the energy
saving operation is carried out with a higher frequency than in the above embodiment.
Therefore, the refrigeration system (1) in this case can perform an operation placing greater
importance on energy saving performance.

[0120] Furthermore, in the above embodiment, when the time taken in one cycle of

energy saving operation from the start of the first action to the end of the third action is
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5 conpressor (11) can be reduced, thereby providing an
el ongated |ifetine of the conpressor (11). [0121] The
above enbodi ments are merel Y3%preferred enbodi nents in
nature and are not intended to limt the scope,
applications and use of the invention. 10 Industria
Applicability [0122] As can be seen fromthe, ahove

beyc%@ dhe predesprmipgd sef timse Adransition {q @ﬁ nogmaleperationds made. However,
met.hqd for ener ,savin%gfpggation of ,a refrigeration

wheg, dpEng flie: FpeLEY: IR BPH % dHa Ben 19 dhe 1hird| acHgn dp which the
interi of a co storage. 38 dains 1. ) ..
COTRRIFFSOR Sy éWPEVLE@W}eﬁ Iohesr ﬁzjmaa P’éfi?tFﬁ%‘PS‘ﬁﬁetctF%tﬁ fransition to

ool i ng, heat .exc

thel gL PSP FEY P Be0 A 1) RSO SPB PR PLORUE times of the
corpROG L e A 5Br preb eyl SRR AR O HB sgmpresso

Ulihe refrigerant circuit, wherein the refrigeration
'ystem further includes a capacity regulator for

O e A4 OB R Dl e
. ' . 10
AR G 08 TS RSP Ryl 00,

energy saving operation including: a first action in
whi ch the conpressor is dri-ven while the cooling

[ cool i ng heat exchanger is regul ated
IR A dpIRablity

regul ator; a second action in which

[01?2]: n %Lég&glegséit r&rgg Honf Hehibdl® rd@%ﬁﬂ 1%11?% g}éf\il&ﬁ ihverltiph Qs @leful for a

tenperature rst action,

mefHda Mehél%;@?x%%gaﬁoﬂ brk péfng + idGsRaRvith %’%%Pﬁxg@ﬁéat kxchanger

I ncrease e capacity re ator to | ower

forleB8IBHg b iRGHGH SFaQoRforap@nper ature to a lower linit of
a desired tenperature range containing the desired
tenperature and the conpressor is then stopped; and a
third action in which when the internal cold storage
tenperature reaches an upper 20 limt of the desired
tenperature range after the stop of the conpressor by
the second action,



10

15

20

25

the conpressor is activated to restart the first
action. 2. The refrigeration systemof claiml1,
wherein the capacity regul at3r conprises a fl ow

regul ator valve, connected in the 25 refrigerant
circuit, for regulating the anount of flow of
refrigerant to be sucked into the conpressor, and the
refrigeration system duringlaM& second action is
configured to nake the 39 opening of the flow

regul ator valve larger to increase the cooling

apacity. of the cool |.ng heat exchanger. 3, The

1. ?‘e‘g?rﬂ N, %’ﬁteﬂé?‘?g‘ﬂélw acTeingarant WFé‘%eﬁnnt{ﬁhi # FOTRERSSOT and a
.hird [ h [ f. fl I

cod e el P BeRSp nBrf CoH5 e comeied, e
action. 4. The refrigeration systemof c¢laim],

refif et sy QRATANIE AR £ S Eration O PY GEeiape feigerans fhrough the

ai si ng{nﬁjpe | ower limt when the internal cold storage

[
refrigerant ¢ MRS pelow the lower limt during the
third acgtion. 10 5. refrigeration.syst of . claim.
1 P, Ririnn S TR ApURER F SoRi SRR fof raiThring the
. I ring.th er lLimi when the internal col
coolifth, sasBBLd ok, SoctR: bt bl e’ Biperne] ifrpdoofla. storage
' Lk St [.on 5 6. The refrigeration
temgy%b{e}?ht%?g%ﬁ“gﬁ?ﬁqu%%t{d%t %%dl} i ncluding an internal fan,
cont;al .0 th Ld stor r di [ .
coof riaiestidr Gk 4f oSRARR o bECabBELE LD shitgh Leraton
incﬂd{dgng the third action at a | ower speed than during
the“first and second actions. 7. The refrigeration
syst giRodctich @l I LGL Ue el | :
cont Ao e Which, 5o b festdl iz uElva wle i ol caPflicy of the
\ilE hER Rkt g1E 8 teoBItlPBVIBE cafddfly rdputiit@l fan being
cooofegc_t I vat e_dgonl yegguri ng t hgfq% hﬁ}r'déggct?}gn. 8. A _
ref pisg@inatac@bn HYWhith ikl tHE ifiéma dofd Slope d8thp&rhatufedistheld at the
in which a conpressor and a cooling heat exchanger
desfréd t&Rpérhtuge tdtiﬁn% RhEHirst aétfon2 thOIcHoBAL CARRIHN 6 the cooling heat
connected, the 5 refrigeration systemoperating in a
exch&@fget deriaéreaydd CHE ltke R¥padity Ciéigalatd?Oto’ Eswdrdtieaitierh&ll 861@Nstorage
the refrigerant circuit, wherein .
temperature to a lower limit of a desired temperature range containing the desired

=

temperature and the compressor is then stopped; and
a third action in which when the internal cold storage temperature reaches an upper
limit of the desired temperature range after the stop of the compressor by the second action,

the compressor is activated to restart the first action.

2. The refrigeration system of claim 1, wherein

the capacity regulator comprises a flow regulator valve, connected in the
refrigerant circuit, for regulating the amount of flow of refrigerant to be sucked into the
compressor, and

the refrigeration system during the second action is configured to make the
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the refrigeration systemfurther includes a capacity

regul ator for regulating the 40 cooling capacity of

the cooling heat exchanger t¥ bri ng the internal cold
storage tenperature to a desired tenperature and an

internal fan, contained in the cold storage, for

f eedi Ir to the cqol|ng heat exchanger, the . )
opsrite phhe v YA 1 i At (i (R iog SR the cooling
h %ng%%¥ saving operation 5 including: a first action

4 FXGHTEH- t he conpressor is driven while the cooling
capacity of the cooling heat exchanger is regul ated

by the capacity regulator; a second action in which

s e O oo Qe 2 PR G HELAEE ot e SpBlne of
‘ ' d; d 10.a third acti in which
TofRERIFRE "t B RS REE i Bl gt Bt @b eachos an
upper |imt of a desired tenperature range containing
the desired tenperature after the stop of the

4, fﬁe@fr?eéagfopystggeoﬁfa%?ﬂg | tre% %%ultulﬁ]%% ?e?rg}r%gﬁ?r%gc%rrieétion means for

activ restar
o SRR 8 SRR e 0 S R P e v
linétﬁfﬁ-ﬁil thedinduking the first action. 15 9. The

refrigeration syst

em of any one of clains 1 to 8,
wherein the refrigeration systemis configured to be
capabl e of performng a normal operation of

: Do b : .
5. PRI Ye Py et df R thikhNE ﬁfrﬁgpgmgg%ﬁr&ﬁg Woitké i means for

the cooling Capacity of exchanger

lowddrinB th)BpSea MRt Wheh BUintd-4l ’coﬁpstbﬁge kePhper&tfeatide®Above the upper

system further includes a suction tenperature sensor
limitQluriag tRECHitsbactionhe tenperature of air in the cold
storage to be fed to the cooling heat exchanger, and
the refrigeration systemis further configured to
switch fromthe normal operation to the energy saving
6. Diperefiiparntiomsystedv bf birh ¢ firtHemihcladifg ah iigeriahéan, contained in the
detected tenperature of the suction tenperature
cold armage, ffod feadinptdiv 10 the Roelig) ReatieRelthnpeiier iatemial fhabgidg rotated
25 containing the desired tenperature. 10. The
durirgf the ¢hérdaddtion as y dveamnspéedahan duringtthe fshiand sdcohd adjons.
wher ei n

7. The refrigeration system of claim 1, further including an internal fan, contained in the
cold storage, for feeding air to the cooling heat exchanger, the internal fan being

deactivated only during the third action.

8. A refrigeration system including a refrigerant circuit in which a compressor and a
cooling heat exchanger for cooling the interior of a cold storage are connected, the
refrigeration system operating in a refrigeration cycle by circulating refrigerant through the
refrigerant circuit, wherein

the refrigeration system further includes a capacity regulator for regulating the
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41 the refrigeration systemis configured to be
capabl e of performing a nornmgl operation of
continuously driving the co%r essor while regul ating
the cooling capacity of the cooling heat exchanger
with the capacity regulator, the refrigeration system

cooféllé%égﬁ{aﬁ%}rr] C(%U g}e?z cg%lmgg\lf\mgz{tzf:%c%g?g%gﬁfou irbﬁi.ngﬁ@%giﬂt%%l cold storage
e o A LR RARESHt B et G5kl g sorge, o

onfigured t ngﬁdgtch fromthe normal operation to the

fee e A _oéléev‘foﬁ ; ?tgf(?}bal’?g%hen during the nornal
cEeiat GRS 3F COFRFATIY 8 sobi BF b bing operion

erature range 10 containing the desired
srature. 11. The refrigeration system of any one

of ?al ﬁ'l's{]gcaljotnt 8 vhic'BEr .nﬂbg)%sggr {s&iriVed Shidle @0 cﬁéfﬁ?xﬁge@ﬂat?ity of the

confi'gure 0 be capable performng a nornma

inc{u%h
e

o R R PR el a8 PRSI0 et *exhanger

Wit 1 deREh ARG h Wrﬁaﬂghé}{ ke gnt‘éﬂﬂ.l EOA sidihdd BRfpRIahAE is held at the

systemi1s turther contigured to swtch ffomthe energy

desk@Y téHperARRY &ﬁingﬂhé first BRioROMHERbmPRASGR I SBppdacandlur i ng

the energy saving operation the tinme taken in one

cycClaghfrl Q8IS wHiek Whed theitefral &d1d dfkdgeRethperhtie RAEhed%an upper

the third action is equal to or shorter Hnan_a _

limt STAEdeRiréd RBfheRRlrk 95hgcohtalfing B désiredtepeafure gféraheé SBp of the
system of any one of clains 1 to 8, wherein the

cothffetdod 8y Md RBorfd/Ackion) the Sorfpriebdod iy Ativated B Rilakithe filkeaction, and
ener gy saving operation when the accunul ated nunber of
Onirgﬁé rdﬁ;ig@étiéﬁ syistetn Bofipha@safigavedae dstar, pitiethe thirdection, the
nunber of tines.

internal fan at a lower speed than during the first action.

9. The refrigeration system of any one of claims 1 to 8, wherein

the refrigeration system is conﬁgured to be capable of performing a normal
operation of continuously driving the compressor while regulating the cooling capacity of
the cooling heat exchanger with the capacity regulator,

the refrigeration system further includes a suction temperature sensor for detecting
the temperature of air in the cold storage to be fed to the cooling heat exchanger, and

the refrigeration system is further configured to switch from the normal operation
to the energy saving operafion when during the normal operation the detected temperature
of the suction temperature sensor falls within a predetermined temperature range

containing the desired temperature.

10. The refrigeration system of any one of claims 1 to 8, wherein
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the refrigeration system is configured to be capable of performing a normal
operation of continuously driving the compressor while regulating the cooling capacity of
the cooling heat exchanger with the capacity regulator,

the refrigeration system further includes a blowoff temperature sensor for detecting
the temperature of air in the cold storage having passed through the cooling heat exchanger,
and

the refrigeration system is further configured to switch from the normal operation
to the energy saving operation when during fhe normal operation the detected temperature
of the blowoff temperature sensor falls within a predetérmined temperature range

containing the desired temperature.

11. The refrigeration system of any one of claims 1 to 8, wherein

the refrigeration system is configured to be capable of performing a normal
operation of driving the compressor while regulating the cooling capacity of the cooling
heat exchanger with the capacity regulator, and

the refrigeration system is further configured to switch from the energy saving
operation to the normal operation when during the energy saving operation the time taken
in one cycle from the start of the first action to the end of the third action is equal to or

shorter than a predetermined period of time.

12. The refrigeration system of any one of claims 1 to 8, wherein the refrigeration system

is configured to prohibit the energy saving operation when the accumulated number of

on/off times of the compressor exceeds a predetermined number of times.




