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Descri pti on REFRI GERATI ON SYSTEM 5 Technical Field
[0001] This invention relates to a refrigeration
systemw th a cooling heat exchanger for cooling the
interior of a cold storage and particularly relates to
a nmethod for energy saving operation of the
refrigeration system 10 Background Art [0002]
Refrigerati on systens are dmsevdptipmnal |y known for
cooling the interior of a cold storage, such as a
chiller or a freezer. [0003] For exanpl e, Patent
Docunent 1 di scl oses refrigeration systemfor
cool ing the |nterloREgﬂlﬁﬁﬂbfﬂﬁgNdﬂﬁﬁﬁﬁhh a cont ai ner
for use in sea transport or other transports. This 15
refrigeration systemincludes a refrigerant circuit in
which a conpressor a condenser, an expansion val ve
mical Kigld ng heat exchanger (evaporator) are

nnected. The refrigerant _circuit in the
lﬁ@?’rl &tlpbwtwgﬁ@rﬁﬁ dparefngeratian sysieporith @ spelingshesh exchanger for

L ration %cle by circulating refrigerant

latrgwr oh& cgldrsiarags and prstiswlanly grdatento 7 msiliodor energy saving

throu h the coolipng heat exchanger takes heat from
%"Fatﬁoﬁolfﬁléer@ FIYUPAFEM: 0 evaporate and thereby cool s
the air 20 in the cold storage. The refrigeration
systemis capable of a freezing operation for freezing

Fackecoptlt &gﬁr age Wi th temper at Ul es bel ow et (rJIeigPees

9898 " RsBieatioh s o praiare iy Konen 40k cqangiiee Biripr of a cold
BRGSO A B hod Tapancee Patent

098¢ F ot SR JrerS RECRSr LRGP R RTHedAS oS for cooling the
{% B8Abr BUo1 d;??t%[]% Sn atntr;b%tangvf%r L& gﬁerg{g}sg?%s T R¥ports. This

e require ei1n erna

rEﬁ{gE?artﬁ;BUsg%em ﬁl@uﬁé@g r&?lgWaﬁfé(xrcuﬁ O \gl?él%ﬁr%l cedtni;]pvfdeésor a condenser, an

depen ore

&Bﬁ&s%rp%lve IH@E%BQEI% hé&? @X&ﬁhé&r@lfaﬂoﬂt&)ga% 3biufted. The refri gerant

systens keep t
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
y
Problem to Be Solved by the Invention
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conpressors always on giving priority to keeping the
accuracy of the internal cold storage 5 tenperature.
However, once the air in the ca@ d storage of the
cont ai ner becones cool, the cooling |oad on the
cool i ng heat exchanger does not so drastically change.

In addition, it is highly unlikely that the outside
[08R$kr dioncrample; thg abnve teéigeoaidmaysteonthag hanggsreddo keep the internal
abruptly. Hence, in nost cases, refrigeration systens
¢dd stosags temperainre mitdlhiglotcgue nriayexaneptpevishinabout + 0.5°C, depending
constant even if they restrain the cooling capacity of
e atpredegssids iy Urrceantainerh dhefefose, mueentional Gldgarationsstems keep their
however, conventional refrigeration systens keep their
CERRIEBSE O WaYE on €1 \aRe REPNLY 31 keepins thauarsursey ef ieantpynal cold storage
than requjred to drive the conpressors. [00051 The
EPesEhire; Howrysroanteathe grdn thaeddisiprogeof &F coptainer becomes cool, the
foregoing points_and an object thereof is that the L
GOofing geadar B ceplinpheat sxchapgsridess nelesol dragtically clyngs. In addition, it is

0 dé%ﬁgra etgﬁ neegs of a cooling heat exchanger has

Z Flefgh? % ewtside fempsiatarerpsting op dhe seplingdoadichanges so abruptly.

ge erature mﬁtq%n a desired tenperature range and the

B9 tYPY Pty rdeesARuep YSIRmLTAN keepdhs Ertermplcald stogage temperature
saving‘yenigénance. an&.to SoLveiége Praobl em [ 0006] )
ROPPRETVeRIDBEY TetiraithiBe CAYUIR aBRCIDSOIdNFiE cpdlipg hpahexchangers. Even in
reﬁrigeration systenlthat inﬁgédes a refrigerant .
TP ¢ GRS RV TROWRPRYFIHOR) s iEieerafio 1 $YSIems Kewpo dhfin g compressors

L N

RASY, 32 Pl i 453 B B B B bl Boints and an
d&bg%t ihgeg%(?éiig gﬁ?tzq{? %g{pg%]rgiﬁ%rg %{es?eﬁlg f@rggo}ﬁn:géhé §gg l‘cﬁéoqra cold storage by
5080 001k B" Bl L1 L9 LRl i o
EABHOHS S0 85150k Al DR RN n apraton
oo R SR,  Pegulated by the

epaGhISw M98 PAIRS, (35); a second action in which
when the internal cold storage tenperature is held at

[00B61de i fiRH 1§ REVPEI AL WvRnGoH isMBredied tH 4 rbfrigelatiBAsyQPm that includes a
the cooling capacity of the cooling heat "exchanger

refiberdr® cirbGit ¢AHSE Which BRonipRdRssy %ﬂ) Eﬁ&'tilld%bﬁﬁ% héR)extRanger (14) for
| ower the internal cold storage tenperature to a |ower

doblihg thf iMeristest 4 edldt @pReE atdlEchneaELarkd Haloperaftstiie refrigeration
desired tenperature and the conpressor (11) iIs

cycle by circulating 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



10

15

20

25

then stopped; and a third action in which when the

internal cold storage tenperature 5 reaches an upper

limt of the desired tenperatuPe range after the stop

of the conpressor (11) by the second action, the

conpressor (11) is activated to restart the first

action. [0007] The refrigeration system according

the &rytiacon, 45p eeqlings caphcityl ohtba CPelintohrat sreenger (lé) xﬁaperﬁased by the
npression refrigeration cycle by circul ating

WP@Wg@gahfort(ﬁ?)o@glﬁ“?h élerlefemaé épknttorage ﬁf‘éwqratezsot)a l&sver limit of a

a result, the refrigerant flow ng_through the cooli

{rsted é%(%??éﬂ@@r rapge rontgining the drsued ﬁfifra?ﬁraﬁvfe sl fheccoumtessor (11) is

ﬁtorage evap rate t hereby. cooling the i nterlor

f
Fie Stapads éltdolaa gd acsiongp whichnyhem dhg .Hﬁ'ena& feld Storage temperature

refri eratlo m according to this pect of

I’FW’&FI Pdi?PebgF‘F%?érg‘ a‘?a‘FS’é?FEFW%%WnﬁmS%Q?‘ c}tﬁrﬁt?ﬁ OF the compressor
nter ttent|y dri t he conpr.essor 1). .
@hLby frﬂeéafw aefifnhe ewaﬁprégﬁ Rged irettart fhyefirst action.

R P aeirsregn g%eh%%%f?%t ipéap (BB AL by divenbon operates in
R
Cé]i,cgﬁe(g?} /{ste)ﬁrégﬁrﬁ l}e {C%Qéeﬁar{ Hﬂoqp 3{11%313 1 ehcoct ﬂ'%eheatl exghanger (14)

r Lven and the c oI| a
1 é;ﬁlggg Olﬁlg h at%‘le gofg:l é%ra%e ) el’ﬁx’)orage yg oo@% (fhe( %%‘enor of the cold
§€§§|ty regulator (35). As a result, the 20 interna
co storage tenperature gradually approaches t he

O RO B P L Lo i

]{ B%’%f a%[ ?Efgyts Ee]a?cl) r%%g%{aﬁoﬂc&t Etgellérzlntt%?ﬁ y It 11?%1%16 [compressor an.
xgﬁﬁggpgﬁ 4§“°?@P gd"ﬂgé oo fognt theQbilo 900! (R4 P&%s are repeated.

I ncre the capacity regul ator
163R0 refgerdtib R Siitdm, 4 BRired Vatub LEIHRANtrRl okl Q6/38€ tempeﬁature and the

tenperature gradually decreases. Then, when dufing t

peP RHd asiveP 'lmh‘&e of nt gésall ©Rlperatile Alge gﬁ[mﬁdb?é Yperature range)
reaches the lower linmt, the Conpressor IS

c&h&ﬁ&ﬁﬁgﬂ&f&sﬁ@&tc&ﬁ}i&ﬁuﬁ%&é% is carried out. 4 [0011]
In the third action, the conpressor (11) is held

[s00xPe @lrstThﬁﬂﬁffﬁﬁtaictle erhé ebmnpaesal1) isidrioh hnd #)cod LS capacity of
not operate in a refrlgeratlon cycl e, whereby the

theobalitg fat thhangergl4)0 rédulatedBy ¢ied €hpatiof Rgelabr (BRE As a result, the
cool i ng heat exchanger (14) is substantially stopped.

ifenal coRidtbragé fenperature gradually 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 1s carried out.
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internal cold storage tenperature gradually increases
and then rises above the desired 5 tenperature.
Thereafter, when the internal &old storage tenperature
further rises and reaches the upper |limt, the
conpressor (11) is activated again to restart the

S re

e
it | . ' 0012]. A .
S Seégfave?%théﬁﬁﬁ%rfiﬁ%e%ﬁ%c nEPEIgPy fhgeeq:glm%ﬁfthe interior of
SR Bhe it Sonhe aiae melibesy T AGRRAC b Rebinsiopaed Ag a resul, e
SR %?661%3%52%%3@2&3%%%% iy 5@%@&% frovgythe desied
flowgf rrfrirerat t )be su [(e(gi to t ecorrprgsfs . d
By e Ve Be BTyl e phe el e
BB B B8 b TR, S B, s e it s
Bk B RaoRIEESE RSy RRRC b Bl R0 st
. i 35) |
Bprdedfion ¥ BRitelemPerpb A 25 20 T (S0) et 1 ow

['Pg?ﬂl atAo%ec%éfl'il&h éﬁ)tegtgc?f)mg ?rpéhiiéﬁjlsetﬁe ?e g?ﬁ?hﬁ ¥y§t§ﬁ i‘dlﬁ%ﬁ@i‘hg to the first

regula e cooling capacity e co

. 1 f

Bpe B0 0a8oh s SRty AL, R Mo vae
[ iy L9 (o) e £dd b @e

G5 RAELPIRCHE, bty MEMS 0 1 SSUIASE' B0, sl of v o

]‘%ﬁ‘%&'éﬁh 8 be WRSK DYt e cBﬁ'{pﬁ'éSQ&r @nh, la"eekdtibent dm during the

inthe refrigerant circuit (10) 1S regulated. In this

£BSR aMRNisLBLEEkA 118 ShAR thE I dpesindtd e muﬂa;g]ula‘ior valve (35) larger

regul ated by throttling the Opening of the ow

th@Q dhAak © theVilsy Bctlodad indrBBethE CbABIPEHpatiSy ONtHeNDoMRE heat exchanger

side over substantially the entire area of the

@aynl i ng heat exchanger (14) serving as an evaporator.

If 25 the cooling capacity of the evaporator were _

poeg3)l alechelyécobaspadtiofghd heentianianfow regultor e pa(ds) énconnected in

val ve on the inflow side of the evaporator,

the frefingeraan tirélioWONgThehflowghgihlher valrepG6ataistinged al clymcity regulator

on the dry side and would be likely to cause

foe gl #tingr the vabling capeeith of ftherooliigd heatemdhangeo (i4) | lywregulating the

end of the evaporator. On the other hand, when the

aomint of floway aefrigyraof totessuckoml intogthe eampesssdrdiber (1 14)

is regul ated while the opening of the flow regul ator

[Pal4le Speificallyt, dnong thedfirst aiton, Hief epemingeaf theflow regulator valve (35)

tenperature distribution of refrigerant

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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frominflow end to outflow end of the cooling heat.
exchanger (14). As a result, the air in 5 the cold
storage is cooled to a rel atlvély uni form tenperature
by the cooling heat exchanger (14). [0015] Wen the
internal cold storage tenperature is heId at the

BBrinfigrama: e o) Ul BF SRARAITOB. (RSHE PR Rend Pagn the cooling
GBEURIORIS eAPTITG: ich SEEP BT hgs fsﬁ'rgu?arsf rr%hnrltggqmwgrof the flow
e FiRG Ve S%péim@ﬁ%ﬂo i ?r%e'r gr%rawefa af Rl gy pf refrgerant
AR R eﬁbﬁgﬁ'f’?) e hetiRChae E];J)hgﬁta resil, the air in
R ke cccﬂOEe oo B a et FUREHEE Phee cooling hea

| o It#g , the sane third action as in the frrst
%%%E T8t he invention is carried out 15 [0016] A

@gg]g m%glge ﬁftélt‘r{]ag c?lﬁ S rgrt Ieo Hlpeg g 6? l{di z?%eaaés?r@d temperature by

'é nt I%Egla 101 8? :&Q?t d%%in{%gcfft tgg ng& regul?i or N/e ( Rrptgg f{llg action, the
gep:gnde F&m?lfltst leeﬁeo%qnﬂ {B& ts{z/:\r%:%d #ﬁgr} 7.‘Jmc!e.ntl'1g %gfﬁlph rogftl?e flow regulator

h I nvention,

T’*?eu ?é)oirs 1€ h%éﬁeg I{OSF)laf 'H%gfegl lﬁﬁ.rgetfunkﬂ% ﬁqgeﬁ]%?%%‘(ﬂl the refrigerant

unti stor age tenperature

Jnec%ﬁa%%? atfidurlt 1‘% l(h%m‘fe?n%ér?ﬁt c1rr.11ﬂte ﬂﬁeﬂ'l ?r Qfedl ﬁ?llgér&\% the cooling

regulator va at t| I's hel'd as
éa Smépﬂpﬁﬁ‘é% 511r(g1]]ré 'c%c aﬂer? %ﬁ@ﬁ‘%bﬁhg%@ Qeéotﬁﬁ action the
action i s m e he op ni‘ng o

15%1 o st\ﬁ?elg\éece& Eatur® r&ehés @2 1blvet ﬁl‘l“ilptﬂllé sr«ﬁﬁ@ third action as in the

internal cold stofage tenperature reachés the upper

fisDhdpe StWritRDinvBRidd is carR@lhEN tO restart the
conpressor (11). Therefore, the opening of the flow

[0096) atOthinaspet 3PihedhvédiRnSs Bletrefigetdi@nfsy e RESAIME to the second
is the sane as the 25 opening at the end of the | ast

&peanyd tA€ inmentic ingeintigigtthe tgaDhdtivg happenihy obfthd iléw regulator
cool i ng heat exchanger (14) is increased to cool the

wilve (38) isteld ad d isitanagrl ofAke secoad ttion.a suffi ci ent

refrigerant circul ati on amount can be ensured fromthe

Q0T h thehirtliassdct af thednvaitiof, witn the dpesing rif elienfibw regulator valve
cold storage tenperature reaches the upper limt to

B8 tsanade lasger by nipr sesend adtivh)until Her iafeona coldhaomge tamperature reaches
the cold storage is pronptly cooled so that the

tha@ewerdimitothd opeming g€ thedhgye regulater yalen(3S) wt thepimaahbed as it is, the
the desired tenperature.

compressor (11) is stopped and a transition to the third action is made. The 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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[00181 A fourth aspect of the invention is the

refrigeration systemaccording to the first 5 aspect

of the invention, further incléding a tenperature

correction nmeans for raising the lower limt when the
internal cold storage tenperature falls below the

lLower limt during the third action [00191 In.th

ST (the cSisel £41d} Harathy ISFAEBHUTS Feachey T ARBFio, limih gy restart the
conditio 0 relatjvel.y .l ow outside tenperatures,

cEREest ety Thefr: Rt % i Ebldh HPBeF aF FEOBBI Byiobled so that the
.10 | rr limt even after the internal col.d stora

IRIERAELFOIE SiouHsASMBRELITT BRI PIREOACHR e FFifod teRperdture.

id transiti to the t.hird action, the .
Qo S b B8%cb ol PhsrPyenlie 1S s sBfeiine i rocordipe to the first
B AL B SRl e B 8P for o

e rature reaches,th rrected |ower sl i o .
SRRt Wi BEIRERR oo Gkt St il loby pf tgwey fimit during

.nexg:..and later third actions, the internal cold
t@%@%@&é{]i tenperature changes within a slightly

[gtt/oi S(rald]t ?gg;r?n&%g?u {a?%e&?gﬂgfg%nﬁﬁgﬁtﬁ‘ﬁ ?Ilﬁ-’gr&aee S%g,e under conditions of
rélgﬁfpe% o ro%tgi?eﬂ %%pe%&gl?eg,lt e.iflfet'ﬁali] BRPRGFap0 ft%ntxﬁ&ature feHls below the
! ri y ordihg to the

nvention 1's the refrigeration system actording
1EWEShimittSRECH R fthd RRedndY 8OH é?é}agé Yeeh 5tui'é"ﬁ+1§"9ﬁd'égre§ched the lower
tenperature correction means for |owering the upper

1ﬂglgm pifReRe 4 B8ndi i&‘?{d”ﬁalg thih qcéazrg ft{%ﬁ g@;ﬁ%ﬁf@wfe@ﬁsﬁ fR3ns corrects

ove the upper I'imt during I rst action.

AORRr it therafdidd . ASPLEdsuR! int € HeRV &M 1R secbnd Eons, when the
exanpl e, under conditions of relatively high outside

iMEAREEAH WidBge teRfpetddir@ TBthe £ Hletofletled USv4raiTRRT Alrkisftion to the third
ri ses above %he upper limt even after the internal

a6@brtl i hRHAIFhéreMRE! At theendX@an@N6@r HIGAT BObrish eheUPi@hal cold storage
limt to provide a transition to the first action,

térhiperh®bd haidds Oviglih I £ eliglaly ARABS teiffdrMbcSrdnipe dhdp&lierefore, can be
limt by 25 lowering it. As a result, in the next and

avaided fitbhi fallirgChdlowshe ke dedifediternpeanie £@kd. St or age
tenperature reaches the corrected upper limt, a

[6020)si Al ffih agpechef the Bivemtdn Bnthe seffige@tion Ehgedf axerdingito the first
the next and later first actions, the internal cold

aspegt af)thetiangraiont firthee haorhglisg Z tempdrhiure eprsdcitigh toheank devellowering the
tenperature range and, therefore, can be avoided from

uppe Iimitakleencthe tinterriah icoldadtordes temapkratergpaseataboee themgeper limit dunng
[0022) A sixth aspect of the invention is the

thefirst g&dicat i on syst em according to the first

{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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aspect of the invention, further including an interna

fan (16), contained in the cold storage, 5 for

feeding air to the cooling heat exchanger (14), the

internal fan (16) being rotated during the third

action at a | ower speed than during the first and

second actions. [00231 In the sixth aspect of the o

it aslighily Wover tgmpdratute rapge andi tharelond can be gmeided fioperising above
ener gy saving operation node, the internal fan (16) is

tlefy inviesh degired teroperature tangei onal speed. As a result,

heat is exchanged between refrigerant flow ng through

190221 cob| sixtly aspert of shewkaiereis the 4irigatetian systam: srsorsangito the first
storage fed thereto by the internal fan (16)..

asnest eff e anventipe, fhether igelnding apantemah & (16}, santained ap thej gpld storage,
the cold storage to evaporate, thereby cooling the .
forfeedipg pirde thegoobipg heatiexehanger (190 2ha intynalfan é?ﬂé}emg rotated during
hand, during the third action jn_which the _conpressor

the tyrd jagtions pignlousr spasd thany Brng the Hrst engsecord getiqnsn at a

(oot b aspirclr e dmverianbiring tp Brst Had decond zotions in the
By S Rn6 PPERBOR HOUE aF ek B 1ob eiteen S drl togjpnal specd.

A et 1 e S TGP Er B0, 58S DO ¢ Soling heat
e PBREed AR e b7l HIRES SfpeltyPY it an (16). Therefore,
ORBAER et EOpabf fisah ol ST sipkEeb B rpPoTg e HEreby pooling the

. ener Vi oper ation can be reduced. [0025] A
"gg%gﬁﬁﬁﬁggagan' “the invention is the refrigeration

()RS0, Ak AE i RTED, & oIS prgommeser an
ERERE 0L 0 (010 50598 Db e st
SRS 08; A TR ol Rl DR B8 10 ovin

e Givihg 8 R fkeRtS ﬁiglctllgf?.rc%g%s %ngﬁfl%iiggf@lg{r%’thﬁ Fi¢deRdd gecond actions.

operatl on node, t riven at

AROE B RAtiRNAr AP §REmal 061d5sthage! tEmpdieRite k& reach the upper limit
exchanged between refrigerant fl ow ng ?hrough t he

d6ARE tHRAhRBaktiéh 1s04%EARg ﬁﬁd,(tﬁéﬂ:fo@@,dh@'btbpfyiﬂﬁttiﬂ?e &0thé compressor (11)
storage fed thereto by the internal fan (16).

1sTHR6 eix@inded. Hbfce! €lhd pOREABSnshMpEEN M ahe frERiBetafiOn &yEtehNduring the
the cold storage to evaporate, thereby cooling the

ehétp @ 6avihg Operalién €0l bk 2Hodedge.

[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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10027] On the other hand, during the third action in
whi ch the conpressor (11) is 5 stopped, the internal
fan (16) is deactivated. Ther efore, duri ng the third
action, the internal fan (16) |iberates no heat,
vvhereby the time for the internal cold storage

etg,% e ég f@}c}o@ér Y ﬁ]g hcfg 5 pll"la(%g ?{'éqj lﬁifrgtlrttg rﬁ)%'gt?xe t?]%g;n% }ar}]e{ 16). Therefore,

Eeff‘ﬁég%?%ﬁtt ke BT 15 Fi 5 e G0ld ST0RMB 10 RYFPRFthereby cooling the

E’P &% Pde i nvention is directed to a refrigeration
$®aeticl udes a refrlgerant circuit (10) in

[ﬁ% ¢ D" BbpiRG Tend e D 0GR 2t o Svrgae Bglpressor 1) is
SART bt A R o %gwférﬁgéw@wsa@%g@mn —"
i 3?@8&2&%@% &’86{2{-" b w eé%l ﬁ*{:otfmq%gf ! eIhFOI% r af}d Lﬂ%gq F%@agﬁhmgmperature to
SRR o ?ﬁegﬁ%‘:ﬁ B o o

ERekhes SR fﬂf Hend BB sh B oy b et

@ﬂfé]l nan S%‘hthe };}s%p% rtpélglfentl%gdlgt H?et{t&f 1 9EY %lggﬁtmn system that

emils con gure energ

19@1‘?15@515 %@né%%t)u(gfcﬂﬂ cgl@ 1‘1'\{1]'3 h ?%&;nﬁfkskcﬂ' }M}j zﬁﬂl 4 Qcﬁ)hng heat exchanger

conpr essor rrrven € CO0O0l 1'ng capacl

)tf&e 08(991%/ oreéf ?a@g@ rst&% ) ake cof:u?&wdataﬁg V\ﬂ){t operates in a

hee capac:lt regu at or cond ron iIn

A0S 'c El@r %?e cﬁ@ﬁﬂuﬁé’ x%gl‘?él e :L%B’Elgl:i afpdr ?eﬁéeﬁﬁ{ circuit (10).

he des red nper at rst action,

Fd?fﬁ]enﬁ&'épﬂﬁsx%ﬁ"i ekakibh dySted] RRRAMs a%ﬁﬂa@? Iggﬁlgtoﬁ‘fﬁ)%r kdbulating the

whi ch when the | nternal cold storage enper at ur e

doBRARH BpAyUSP e bddNin g Rdat 2xERS 5@@14 en@;psﬁﬁ% lﬂieelrfté}ﬁglecold storage
containing the desire tenpera ure after the stop of

tt PGP EELS 86ired tdmhpdtitut e SarpRenAFhh 016), doh€ained in the cold storage,
conpressor (11) is activated to restart the first

fat tfe@ding adifl 16 hibie I @oling ERcak | xRh&nbst qMY4), Safd ki @éfrigeration system is
configured to 25 rotate, during the third action, the
donfigtred|to foarcapdiilg ofienérgl Qivdihg peddoh hedhuditig N @rst Aetion in which the
first action. [00291 The refrigeration system

caogoedon@ 1) as dineneviifd theasphog cafacith ef ilevenlingheat exchanger (14) is
performs 9 an energy saving operation of

regnlatedittyt tha tckyacdtyi regulgtor i35)c arspearsisantiof it )which when the internal cold
Specifically, in the energy saving operation, the
starkgovemgeraturg tist beld hatr thea desions temperatmpealuedg the fine action, the
refrigeration system at |east a desired value of the
dompeessat (1do|id stippedigend enbied actere immbiich when the internal cold storage

temperature reaches an upper limit of a desired temperature range contaimng 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
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the upper Iimt of a desired tenperature range
containing the desired tenperature are set. 5 [0030]
First, in the first action, thé conpressor (11) is
driven and the cooling capacity of the cooling heat
exchanger (14) is regulated by the capacity regul ator

3 result, the interpal, .cold, storage
351 ?ff&é&yatswlég gPEatSn PE *%86?18‘5'&1??' driying the spppgpssor (11). Specifically, in
erature. Fur t her duri ng the rst .acti
this ERE B e raparaiog, Ures Sl it 46 hirfedcpet atd apgpted. Tn the
VWhen t he i nt col te ture is
RGN Na T Bt ST pE B YRR A pf e Smperature and

ction,.the.s is carried.ou

(BEHpRadie of 1 9y dﬂgaﬁfa&r% et ﬁ%mewﬂﬁ%g SR Db Goure are set
(b FP ?lrsﬁenth gfs ?ﬁ%%ﬂ} i Rt @fbels fp a8y Cplpe capacity of
tbei 6?& ﬁeag%? %8'8 ;@ eﬁsor gu]?tgg E)P/ éléere %:{plagﬁ)g g{gt]'g gor @g As a result, the
b f I
glgaz é:ot)dh gg{:: og&?np%éat tgréed)’({% ﬁgl %épl%eﬁ_}%g tﬁé) gesnfed temperature.
Iﬁﬂ'ﬁxg}lﬁglte %hh}{% ORRE Ctl(ﬁs tﬁeé*l ﬁ’iht(’lﬁ Eedlji ?‘leﬁ[t r.%16’1%t't’11fmal rotational
co enp

or age erature’gradu Increases rrom

@éd r\?ﬂe R 1'1 U5 stol Sn{ﬁﬁ% I?s,ehélﬁta?[l'[%adetsﬁgd %mperature by the

orage enpera ure reac e upper

RIRABABE sedohl kfof Kl MRS AIBLR L difmEaDE (HE

rst action I S aspect I nve

Ufis]ng A thQ'CBQLP%E&OQIH ?Sa t»g&s BP Ghé SPRYnASRSibn, ‘Fh’lzlﬂnrd action is

t opped, ntern s driven at a | ower

cfaﬁliéﬁ banaln apeadrd Bagort Whi "Bniftessof Q1) [SheRC §tbF}t51bd Therefore, the
Therefore, the quantity of heat |iberdted from

e D lcirban (i(ﬂ)%e@ﬁ‘bt%e%a@e iheredfibarhiigh 8fcld, RéherétyethB@boling of the

fan (16) becones smaller than during the first action.

iferidr befeldold dthge b%; iR dodling ReaticRtRin3et (199 ﬁsdsuﬁhﬁﬁt@é]@ stopped. As a
tenperature to reach the upper Iimt during the third

18§li, Othel SnteXiabnelddl abige t feaipefadie, gidd@aldf OpPicAgst ¥t the desired
of the conpressor (11) is also extended. Hence, the
tPRpeana e TBhorp when tiod intdigalreeld stgfipattéraperatisé fxckbsrthe gpper limit, the
the energy saving 25 operation can be reduced. [0033]
cAmpiredsbr @4 ecActiohted] hgaih v eBtartahe iissttabwor.ef ri gerati on

system according to any one of the first to eighth

[@8Rict $n dliis tabyeect 0F @t inventionh) dneng thehthirdedatiogen avhicln the compressor
systemis configured to 10 be capable of perform ng a

(Ab) isedtonpedy titei intermall faro O6) nsi duivéry ada lonvergotational speed than during the
conpressor (11) while regulating the cooling capacity

fokst adyenc Bherefoge, thaguantitsheinipat Libdrdted\iiranh theniaterng) 4o (h$) owing to the
regulator (35), further includes a suction tenperature
droneppf @R@teﬁ@} fagpe(fl 6x-bécames hmaller 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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tenperature of air in the cold storage to be fed to
the cooling heat exchanger (14), and is 5 further
configured to switch fromthe Wornmal operation to the
energy saving operation when during the norna
operation the detected tenperature of the suction
tenperature sensor (RS) falls within a predeterm ned
beamapehia ol performige acammal aperatierhef derginuedsly deiviner the wompressor (11)
[0034] In the refrigeration systemaccording to the, )
whiletsgelepes theofooling chpagéytof dhe ceplnigriyat eehanger (b nwith the capacity
operation, the conpressor (11) is continuously driven )
regidatohd3&h ofuirther degdaddst § sustion HempeBiure Senst ¥RS) for detecting the
exchanger (14) is regulated to bring the internal cold )
typperagee of ampe tha enld staregsetotby feddo dbe poding: hegp exchapge. (14), and is
Furt hernore, disposed upstream of the cooling heat . i

heyasrpdiguretato pwiteh drgt thenneaimb aPsFatioB t9etis gne(grsyaving operation
for peasuring the tenperature of air in the cold .
viltedy dyang Brepormad operating tb%&et%&dh@atpe@‘@eﬁaq‘fgéﬁ {uglign temperature
15 [0035] .I.n this aspect of .the invention, whether the )
SEROF a&iF?)n fallfountine Ssdetstmineds mPSTEFa Tatg5e CoRtAting Jhe desired
ener saving operation is determ ned. Specifically,
t?ﬁp?%é“%ornal operation, a conparison is nade between

the suctio

(DB R {hR T B EGon cHES RGOS (9oe b pEsh phihs igvention, during
U boil GPERE0RY B ORISR LE SreonhayS LG i hE eRgling capacity
P eer e Fe FBat: (D asurelime of duthe Y fmal cold storage
ERGR R TR oo Fedd ElRERElE) urhiadte MRboged upstrcam of the
Pefind, Pt FRRRRRGTE 8.4 Sptlon b luRt SARDE RSy, mpeasuring the

t%rgﬁ%rht%ce Bflﬁl' ingﬁ;?lL ;&iol%ltsfi’cgr‘;’ll totb%rigvﬁ ?(g%h%rﬁ%ojiﬁ%g%ag g?%g%rg@ g).

e desire enper ature, el 1'm

[E)rﬁjeﬁﬁonfd e Hssde& gf {h\é.ein%}ﬁio‘ﬁo Wilefirr lQlEe bperition tu(l)d be switched from

efore, a‘transition rom nor na operati on

n%HﬁﬁlgbfpérQﬁ(%{*L&g_eQ %5%1%@@%%%% dQ038he Sn;ﬁ@iﬂaally, in the normal

aspect” of e invention’is the refrigeration system

RERAbA] NohPardid¥ 19AadR bethdrd the kadtidnCteRipSitnite ARRLBEIdSby the suction
of the invention, wherein the refrigeration systemis

16RPEhEI 8hshP (RS) aRE 1KAR&H8 1ehpBRRrer Il NOR AMpEson, the suction
operation of continuously driving the conpressor (11)

whpdrerk€dy| abtl 89 thbepreasteimitied aRapetatuef rdnpe e@mhihn% the desired
heat exchanger (14) with the capacity regulator (35),

térdpérBREe, | the libdaml 2old sopict tRpRanAE 4§ @esdudstor b Sfgughdklose to the
detecting the

desired temperature and, therefore, the normal operation is 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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tenperature of air in the cold storage havi ng passed

t hrough the cooling heat exchanger 5(14), and is

further configured to switch f¥lom t he nornal operation

to the energy saving operation when during the norma

operation the detected tenperature of the bl owoff

terrpera re sensor (SS) falls within a predeterm ned

beeppab! 55%1 PETIPERIGE el APHEemel corisoatly g ﬁFmO@Pressor (1)

a blo

Int tenth aspect of t i nventi qQn,
‘t@ﬁ‘-’prégatatw% gps (ce@mwfdtl%rﬁ@g@ heppe %qrr(ééwa e capacity
t he cool.Lhg at e nger, (14 The bl owof f
eﬁﬁter EER) ef“§'§ﬁ’s e r& etve‘éfz emneEatigesesar (S8 Jpr detecting the
|nth cal d. storage after, bein cole
EBBFHEE RLAl IDSRERaIGEPraET JVingGrasthd o B 46 @e% hgt exchanger

i.on r the operation shoul d

(iéheta'eﬁ\ég rrltsﬂﬁqcormrﬁnrﬁ QR T ths RO ;?Pget;sﬂéo the energy saving

qpﬁga%%tgrrméﬁﬁete L SRAER IS ) B50RERE, e sowor
f d d h

‘t@ﬂ%fst%? PR LAah oSy B & eertrlSer B purea e containing the

icall in the normal operation, a conparison
glr%dataglpﬁeatt%gen t he bl owof f tenperature det ected by
bl ff [e sensor the desire
E)Q% ergV\%‘F éentlltr ftsr{)% oafI tﬁ 111818% Lg"rt]‘ mefrat\%eT Fensor (gS) is disposed

doSIREL l't)rfeth 89{1% %fe { Q)?ch%age% (tl«elé ml'ﬁgq) AN et%:rﬁéyraﬁlre sensor (SS)

range contail nin n’pera ure,

%{gcﬁrt%@ltexﬁg mt?é 8?‘ %ﬂ% ggﬁ?gdggtyfa%per aF%%H]% cog?ecpgy the cooling heat

roug ure
%n?gﬁgq the normal operation is continued. On the
21 the bl owoff tenperature falls within

B@SB Pr &Aghe eEteSif e "BEE oA %vh"eﬁ?:g%éf gﬁéréti&t B8 18%e switched from
erna

desrredterrprature the 1 nt st orage

roBARES AR toSerRtdyeathh ionOis ldaerfi®Rdd] Gflike the ninth aspect of th
ten‘perlgetrﬁre whi c%,e% [ r%%at els tﬁe need t 0 cénetr r?u%ﬂsl@spec or e

iBVen¥ign! B MATRE &S 8Qhpirisbh- betdeen Mes MOV témpérdiisd [de®Rted by the
f rom nor mal operation to energy serving operation is

bIswieS 1¢RPdBthr \berBbeiST)tdhdane aesirdd tehiiRrdtinee Bbéd’r‘ﬂcdl@ in the normal

the refrigeration systemaccording to any one of f he

operatibnt Dc@hPiison aSpRAE Betdleeh i HIOWOR tefiperavdie delebtelits the blowoff
refrigeration systemis 12 configured to be capable

tahpgretuko serisog ($8)naidnthe degieeditenperafure r1f,Vinnde tcbparison, the blowoff
conpressor (11) while regulating the cooling capacity
tahpdrhmre dsl outg oficht predétarmgieed (tkdjpeydtive tdngeC a@aaining the desired
regul ator (35), and the refrigeration systemis
téroperhire, cbea fintgoak doldostemsige atmperature he neededgly be brought close to the
desired 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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savi ng operation to the normal operation when during
the energy saving operation the tinme 5 taken in one
cycle fromthe start of the fi¥st action to the end of
the third action is equal to or shorter than a
predeternined period of time. [0040] In the el eventh
Eect of the invention, whether a transition from
eyipd dabr cgpabbper Befgminga pePHe onsparoafshvarm theroppressor (11)
nade or not is determ ned based on the tine taken in
Wik egalaiing thesspoligg capasity 91 dhepeplinghept ershepgerdd 4) WIththe capacity
t he flrst action to the end of the 10 third actio
rf@éa@} (I atiithihe gelrigaagipn sywemds athes corfigyped t%%qufyfmm the energy
hi gh outside tenperatures, the internal cold storage
SERRBEPSTAGPa t9 they WOR'@P&/OR%atPé‘a‘@PFnt wlqut&e ENETEHSEVIBE OPFFé“OH the time

eS|red tenperature ran uring. the thi ctio
1BREe gy et ot af Hrrohachinch tend %fdﬁﬁ thiglghion is equal t
is,sto d. Therefor the tine taken in the
Ogﬁﬁ%‘ae’ééi‘ff S RICOEieGRIBEA BFRRA 46RS15 i n turn, the tine

R B S R0 Sl £t g oy
R A T GO eSO 15 Sl e e i

ip 0¥ 50 efb S Pine R B B Sl R asﬁ %’oethe end of the
tkﬂgac fetlne of the conpressor (11), in this
aspec °f the invention, a transition fron1energy

[@&Xi ng DGR Eoﬂn&er Ol’lrdl energ{}‘focanh% hlg% do%t%A@ee I?emgeramres the

en |n ‘oné CcycC era

lﬁ?!%ﬁ[ coﬁs@ ﬂ&)lfag tax%%grﬁ}ntﬁ’@h gg ltllgﬂt{fy tﬂo"?ea%?ﬁ u}g%gnﬁm?ty 8}‘ She desired

ove t se I e

t@rﬂng%fa{ 3‘ Sdﬁg or © ?Japﬁc?i%ﬁo&f ﬁll:léne r‘% rs§s11 %g}ﬁﬁmﬂ Sin which the

her et he ener gy saV| ope

gg}rcycﬁegu Q"stgﬂ%do*fﬂ@r%fo@@'}ﬂc ey {h'e mﬁ %Eﬁ&h {s"Shortened and,

to or Shorter 5 an

ﬁrtﬁgﬁttﬁé Rhe@ke&ein bhéRyclt éﬁefgﬂ'eﬁavﬁ Qﬁérgﬁtgn §d BR%teREd. Hence, if,
the conpressor (11) is  relatively | arge and,

under 8hal GonditiddsaMsd bhepy fshaRE VPRFANNSIBVdJRENARE B indthber of on/off
to normal operation i s made to continuously drive the

tRE 6L I8 lcombidssorl@1) [H20ddes farb¥etdstiRingsPes tsheftedd®elifetime of the
invention is the reffrigeration system according to any
@ffpres®dbr (g first to eighth aspects of the invention,

wherein the refrigeration systemis configured to

- [p04]i bix oidertccdvpe GyithShis dnd edirasd the Nifeied of e compressor (11), in this

accunul at ed nunber of on/off
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
1s 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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times of the conpressor (11) exceeds a predeterm ned

nunmber of tinmes. 5 [0044] In the twelfth aspect of the
invention, if the accunul ated hunber of on/off tines

of the conpressor (11) exceeds the predeterm ned

nunber of tinmes by repeating the on/off operation of

t he_ conpressor (11), such as ow ng to the energy .

199431 g Aokvesiizh penect @ftibe armenign issthe refij zerptipn 5yséemjascording to any one
prohi bited. Effects of the Invention 10 [0045] . . _
A dsr drsigtar gighHe aspecty ofsthecinventiamewhergian theosefrigpradien system is
the conpressor. (11) is intermttently driven during

(R Zared g prafubit Hg Hstay8YiB4 oPertien den dhe aqoygulaled number of on/off

operating power of the conpressor (11) and _i.n turn

URRSPICES ComBresire (bl exekedh g Pretersmmsddaingier phlmes.

on _system [0046] Particularly jn this

e N . |
@ﬁfﬁ‘r&l'c? ?%ﬁw'ttﬁv@lffmwﬁ% fef[rf,he EnEntiaR.df His aceypglatadopyper of on/off times
HHER Sodiarax T Danta rneredorphiosd apmpen gt §ises hepeating the on/oft

st opped.. Furt her nor t he, conpr.esso 11) is .held .

%ﬂ%% BPE4he FIMPIEESOr Ry igh 48 gplan%todﬁiagger)gv SHyIag qperation, the energy
reaches the.u r.limt during the third action.

SRS Pné%&%ﬁﬁﬂ“ﬁ ' to this aspect of the invention,

0 red to the case where the conpressor is
@@%%ﬁ%@gﬂﬁ?ﬂgﬁw once | owering the internal cold
age tenperature the lower Limt, the tinme for .
PhERIAKCIRER B 68, wpaget TivoapBrlion Phod dif popRgessor () is
B 8 e, B G0 B0 O R BBk, 52 BB pover
e i.ng . p r the,conpressor. (11
o RE R 8 i xRl e RAE" 3Rip Gekformance of the

reby effectively reducing the energy
SERLERED syyef,

e refrigeration system [0047]

[ﬁUi@he?QiQircﬁ}arl G Qﬁiﬁi ct 8f iy i%v?rﬁt gﬁhegi%teﬁﬁ%ﬁ cold storage temperature

i nvention, since the capacity o cool 1 ng

i© %6 NGedred ﬁ)ﬂea%%} h&niP BY qu‘%e s&dnl a&ﬁg:? a{'?é] tihe gompressror (11) is then

conpressor are contro d sot e I nterna
dSFRfRgRo}E @P@g@lﬁ eSsof 3 )CRARUE stBppeERil 1AE IMBRET cold storage

and lower limts f the desired tenperature range, it

tePelafird YQicHE tHeNdipet Miehil BhSRN Ble GHd0actbA FB&efifte, according to this
tenperature deviates fromthe desired tenperature

dspag @f tHNRIEARITE as EMBpared €6 kY caeé e thelcdmprésebrPl@Stopped without
can be surely cool ed also during the energy saving

anpe oty thehintdmal ndvdd eRsadenRmpesitirdltol the Yowér lilt, the time for the
refrigeration system

internal cold storage temperature to reach the upper limit can be extended and the
compressor can be stopped for an accordingly longer period of time. Hence, the operating
power of the compressor (11) during the energy saving 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 destred temperature range, it can be avoided that the internal cold storage
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[0048] Particularly in the second aspect of the
i nvention, the cooling capacit¥ of the 5 cooling heat
exchanger (14) is regul ated byl4egul ati ng the anount
of flow of refrigerant to be sucked into the
conpressor (11) with the flow regul ator val ve (35).
Therefore,  refrigerant. on the wet side_is accunul at ed
ERPERETE deYintss Soaathsrdesi leBprTatee hnnge: dhemstargdpe interior of the cold
whi ch uniform zes the tenperature of air havin
%%ég%aart he SWEH tanded-alsd dHGNE Eigr CNCERC SAYHFePPEration. WhACh enhances the
é words, if the cooling capacity of the cooling
% @Flﬁwéﬁhﬁﬂgﬁg?ﬂﬂﬁniﬁﬁm§ regul ated by the fl ow
or. val ve as jn this pect of the
fﬂﬁgﬁl ﬁ%ﬁlw 1%§'ﬁtﬁe6?9da5$ﬂeﬂ 9f e THEnigib dhf spotiug gapcity of the
aresult, in

gmg gq!ttsest rg,%tbﬂlrﬁtl:g%%p @f@g&:@ggﬁig}g ﬁeo?.rg@ém of flow of refrigerant to
leeeg{fﬁssﬁéﬁé? B8 ScmsBiegt HLbY VBl che Ty ok dRRE vl g Therefore,

S B e&#j%é R —
@5%@35 ?4?3@53%?? T fﬁ%ﬁ%ﬁﬁgﬂeéﬁ aischavie, pessed M dhe cooling heat

i e R T R
Ct' ateﬁhg}c\gﬁglﬂ alﬁaqg' tv\‘/ilv%f gsgeasc%o'ﬂ'%lﬁe S of the invention, the

Ranger “were e asi ng Bperdt ity

&%ﬂ%ﬁéﬁlﬁ%‘ &q!"ﬁ ‘fﬁ&%@i&i &id gff)?{ﬁ%pk:ﬁgeratl‘{rg ggr? B? %ﬁha% & hﬁs a result in the

ress OV\BF cons SO | NCrease

t
N L
%)r\ﬁé SR te?r'xod'EPz{/tgﬁeb:lﬂ"u Q—;ﬂo"ilé : § d Hﬁ'xﬂﬁo | Qofd aEtli‘(‘ﬁa the compressor

OM/reguIat arger- degree t han

eat ex Cﬁl} %‘t@ﬁp% g dt e @ld"ﬁ& &@%Ehiay‘:&ﬁ S‘J}Qg&&ﬁlﬂe%ure reaches

er ('14) can e I ncreased w thout

thO FaAk&r 1885t 2R ch Bk %@&%etﬂ fhat RBHRE R sutREFIAPIHI A actib Qﬁé)]ntema] cold
Furthermore, in the third aspect of the invention,

onapgd RenefathRFalld Bow 2% O@Hliahior val ve (35) at the
end of the second action, during which the opening has

foes9] Feghéralird if Budngd e GBEorleion thd 8601 iHgr dapskityl\6f the cooling heat
first action, is naintained during the third action,

dxcRanget! Pédrd: mch‘sdse@ eyoinerdakiag shardpegiting haphditystfonekample, operating
Therefore, according to this aspect 15 of the

fraqmendy) @if thacatipleswir,athe poebr c@gaumption iwonld aisé dmcreay®uldhlike this, in
can be ensured fromthe start of the first action at

thisiaspect béthentheemiah, thelcdolngeqgeaty efmbercablitgeheat agttanger is increased
the upper Iimt to restart the conpressor (11).

steplyehy tdpalaing the opdréng of thesflow agguletan vhioe gBHnot 4 Jarger degree than
cool ed and

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, 1.e., unti] just before the start of the first action. Therefore, according to this aspect
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the internal cold storage tenperature can be avoi ded
fromrising above the upper lijut. 5 [0051]
Furthernmore, in the fourth aspg%t of the invention,
when the internal cold storage tenperature falls
bel ow the lower limt during the third action, the
rease. Therefore

Y s 6 PEE i eron PreREOR AR U o e ghobisdFom the start of
B taRph AL e R SBIY BrEE PO apaches B Wper timit o

q%garimﬁse i fiftth as t.he I nvention
£

art ]%ehcom}ﬁrFsSolr g}lt).hﬁF%cesihe air Hlet%%_ &8[d ﬁ%xgg% iy ge Iplrosﬂégﬂy cooled and

e 1 ern cO orage e r
h L1 ' t.he. £ ' { .-
BEBSAE BB 8 151556 RS S B g

[b?ﬁr]neﬁﬁrtw&régﬁ tihef f'o{l?tfi etci[ Sfth ixgv tiioﬁt \%ﬁmhleciﬁ%gial cold storage
st orage enperature can be avol de romrising above

initi ' : 5 .
APy s AL RoLBERAS DS oI b 0BORL st i comere
S REERR s ol MR A 1k i JUBD B cold e

i r , t 4 . e e g .

EPLERLD ey B ALY tling oRSAL i ST & B Gange.
[0062)St EBRIrAIWRE! inOfle %ﬁihtdsp&t%&t%@ﬁ]vgﬁm, Qﬂ?ﬁ?}rt%aé %]-llerna] cold storage
Hence, the operating power of the conpressor (11

tepérathré RiSeLARE YheS AP UnBPEiRd BB e achBn! M tUpBEr limit is corrected
reduced, thereby further effectively enhancing the

t6 NGdcas® aThadfRer prnanes ahd tber ikl eSSHAL (RO A¥el®Mold storage
[0054] If the internal fan (16) were fully stopped

tetpératiré beh bhavoild G dif Risineh®ol € ehidiald@ired emperature range.
distribution of air in the cold storage m ght cause

[9853]at FoABermoRe, SHIEHE sixiB A8 eighttEidpects bf the intdiRionalhe GAefhal fan (16)
storage tenperature has reached the upper limt or

i dtiverd, danng Whethivdracton,tdt answei @eatfonepgebd.rThik eestrainstthe quantity of
action should be made or not, could not be correctly

letet Bbarated dronnhe keerhblefaaljpsedwurinethetthied mefion ged aktends the stopping
system according to this aspect of the invention do

moodol éndahnthamkmptdssorr (@t afHenna | ths ppadting ppwer offihe reoadpressor (11)
fan (16) lower. 25 Therefore, the tenperature

dpaimg athee cameTg)f savimeg aperation che beofutthst oecaged,cterdby further effectively
limted to a small range. Hence, according to this

eabpeang bk enprgyisaviog pedermanke phibe refrigesation sygemf r om

third to first action should be made or not can be

[8834)e c i the sermphiand6) witre felby stopred duringrih¢ thitsl artivg, the temperature
storage tenperature can be further surely kept within
distEbeey] phar i threedld losageamight cpwg5sYiatipng: e suethacase, whether the
hand, in the case where the internal fan fl@% is fully

iglerh @1 slaaged mpREatse hath reaghedt: theoppper fimit e not, 1.e., whether a

sevent h_aspect of the inventiqn, this elimnates_heat
transittion 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 .rotationa] 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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liberation fromthe internal fan (16) during the third
action. Therefore, the tenperature 5 increase in the
col d storage during the third ¥ction can be actively
restrai ned. Hence, according to the seventh aspect of
the invention, the stopping period of tinme of the

SRR FPToRUe S8 MRS GRBDISR. B R eGP ranee.

BT n e R op nytBE gy e B B GFjsoly stopped only
Rk R R 0S cren e Hoeuh it Bcplolie AR s ey giminates hea
iR e ot el fat HGefiRe e 507 efffor bitifore. te temperature
g hdte SREPDY il RD Gp i rPgh, HiiubBie Seificor dme of the
<pPFAR, 117y Bt Bk SRRACLA B PR oA Bl Pt Fomsumption of
Ok GARGE RS ok R ARBLR o bbtafte fer JTRE PRAAR BTG i rduces
"y B0 o SRR EirBpbt e I ol D R Rin B &'Tntermal f

(Z@‘p?ﬁ%&%ﬁ{%&ﬁ gﬁ’irg M 8rd PR ”Pllﬁ% Afulthed BnbdiRedithe Rnergy saving

ect o e Invenhtion, the nornmal operation 1s

pt%ﬁfgh%%%f%}ekﬂée@g%%g%&ti on tenperature of air in

storage’ b passi ng through the cooling

(0656 EURRARRLE, il éi?i:nqthsas &thd N e fiveRS$dr, 8fle internal cold storage

tenperature range. In I's case, the suction

t4BPRBARL W Ehinked HeRIRA! BE WeSirdd tehliRratie 4nd thBupRt Bmit during the
storage before being cooled by the cooling heat

RSENHAYRTg dpkfaticAN TherefiRE, eheifterndl EEIANESragd te@n AR ¢ be avoided
the actual internal cold storage tenperature.

fidig ldetiafify fioin BQIIBRALIA térhpdistutd RRgd, Aviible eiREE/the reliability of the
savi ng operation 25 should be nade or not is

réi@igerdationagstbmsed on the suction tenperature, the
refrigeration systemcan nmake a transition to the

[00&T) gy 1is theéi rigthamed rtedth @speatst @ the inventom twhetlhsriawgansitivm from normal
actual internal cold storage tenperature close to the
apesitioado essrpe sating eperativgeshobidribeanade’r nat sauttimagically dhermined.
ninth aspect of the invention, stored goods in the

Raoti ohlaryomattye nodn atpect ofithe invesiai, dlte nértrial nperadondissiontoued until the
tenperature range, which allows the refrigeration

ssgtscre empagatper bbHain iarthe peld siomagepbefoienpasgingathrough the cooling heat
i nportance on the quality of stored goods.

exchanger (14) 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 refrnigeration
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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[0058] On the other hand, in the tenth aspect of the

i nvention, the nornal operation is 5 continued until

the bl owoff tenperature of air!Zin the cold storage

after passing through the cooling heat exchanger (14)

falls within the desired tenperature range In this
rature. is ate ature of the

a%?(? ﬁmgt SIS R e T g i Byl soroze an
et PRt Rl (st fapbs B ATOWS Hhectefiigeration system

t Psﬁgﬁ b At B aenE ot SRS on She sl o Sesdisods

lﬂ or BiRE ol Ganf i P 85sh parrcl ol fhe e, pinomal operation i

o n‘?e'élﬁ et R B AR %ﬁ%.vhalge%B%L%ﬁ%?tﬁf%eaa?ﬁ&ée?ssgﬁ through the

P BN i ALY U205 5 BB i coe.

b@%@ﬁ‘%@&%& ig%rtgl% eralfi€h {ﬁ}é aif lg%’ér&ﬂ& A % %tagf%r being cooled by the

_ A opera
ST A I D0, TR JRFB o v o

kR Chia &bﬁﬁe Q‘K}F&ath{leh {el,f]'c‘):r\éc fewf?{thcernf? Erg%sxﬁ@% lt(? the energy saving

operation 1s~shor e predeterm ne

(%a%rflgﬂ%#)ulgrbet Radd Exe nHP{;.;@Pel d&&%{lﬂéd BE]sePSo teos'ﬁ@{'lbf @érh erature, the

In thrs aspect "he i nvent i o

%&@ratnlaﬁ s k’t@?ﬁe&roﬂﬁ RNOL brahdifiBF 1@ het r@pfmﬁlg%ﬁﬁéra&&)n an earlier

rng th energy saving operation 2

tichi®PShdd %ofcflﬂgl@ﬁﬁrlﬁﬁﬂxs gh&gofocﬁg i fenfPn { Qe g@dordmg to the tenth
operation is nade. Theref t he nunber of on/off

dspdPe of He INENITRANHLERPEy §ahidg 6pRathG ERONE 8civel blied out, whereby

provi des an el ongate Ilfetlne of the conpressor
thel #frigé@H6M m};ﬁé&htdﬁﬁrﬂgﬂhﬂn Alﬁof)é?ﬁhdﬂ’\ﬁ]af:ﬁlg @c@ﬁim?értén@@ on energy
i nventi on, en the accunul ated nunber on/o

shvlﬂg§)cﬂ‘6nﬁdme_corrpressor (11) exceeds the maxi mum
al | owabl e nunber of 25 on/off times, the

[0859]i gPGlidrmdres Yis tienelpventt Ripkst dfiRe @@AGYn, Salydn@e time taken in one
operation. Therefore, it can be avoided that the

oycleafffenepgrsaving wpefatibhés shivimer émache plellptenainedpenting, 4 fransition to
the energy saving operation even though the lifetine

thd npard spahtivihes aomatealpmade 1n dtbershanis.anebls afjpecs ofithe invention,
el ongates the lifetinme of the conpressor (11) and

véreauthesumber ofein/cfbiiinks yf the commpressdri(il hehaingdhe esergy saming operation
Bri ef Description of Draw ngs

is large, a transition from energy saving operation to normal operation 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 times 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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5 [0061] [Fig. 1] Figure 1 is a piping diagram show ng

a schematic configuration of a refrigeration system

according to an embodinment. [Rfg. 2] Figure 2 is a

pi pi ng di agram showi ng the refrigerant flowin the
refrigeration systemaccording to the enbodi nent when
he refrigeratign systemis __operating. . 10

ﬁftn@a% the | ﬂéﬂawtq?ﬁ@ cqmpresser (13d and eSSt the §?hatb89fv wﬂﬂaf refrigeration

actions in an energy saving operation node of the

SYEFi ger ati on system according to the embodi nent.

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

control on switching between a nornmal operation node

ti de of th
qigg ‘géﬁﬁﬁﬁgﬁf§§é%gﬁ?oggggrasﬂgn?oetge engodinent. 15
[@@b rr{Fl {]e 1'%?1}9 e%?gqmeélginlsgc ggrgn‘l]liho&%ﬁ%:a; a&g{ configuration of a
t h t 20 16 int I
1Rl s?%%é%qr%ag‘?w% SPORIE {11 ow reg'm”aféi‘a
Yﬂgvfﬁ%?ﬂoﬁt%ﬁ%#‘ A Dottt %}% e G deligiert flow in the

réfp]égllrgielﬂlg e %C(g?l %C{O Qﬁ [ 3’3)6)% mqrﬁ e]? r grt1$e(5?2]t10n system is

?Sgl% Igén (1) of this errbodl ment is used for cool ing the
nterror of a cold storage in a container for use in

sea t ;@E% I&i%?]re £ X tlgqg ihd 3R Erf (i’lﬁﬁsff‘ratn;"ll-gI ?irgtetfor{h?r(a %&1)0951 in an energy

cludes ' a re

%“ﬁ%e%%%?%‘% fhofle YPREoARERIER B My pEChARS 8%?‘)%'1‘3‘%’%‘9‘3‘%
r ef ri qQEiAR F?é(xﬁé‘u'lé 2 Cdfol cfemr}lé llllis‘ﬁatﬂ? EbrindiBY @@\Wcﬁrng between

a conpress con expansi on
ARG {peRt Ao arRVAPTRHPEavE M&peﬂtiom%ﬁ&e 6t &d refn gferatlon system

therein. 5 [0066] The conpressor (11) 1s conposed
abdor@itlg 96 8l ppIdALntSCr ol I conpressor

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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whose notor has a constant rotational speed. The
condenser (12) is placed outside the cold storage and
constitutes a so-called air-cobl ed condenser. Di sposed
close to the condenser (12) is an external fan (15)
for feeding external air to the condenser (12).

Furt hernore, the_.condenser 2 rovi des heat . . ]
SRR S er AR rieErT @)é?%@"il Ao e et Gyaresgipn refigeration

SRS GG HEHEL AP RE an ouis) de ¢ emper at ar &

R RN T L p——
bl o5 o] S5O DT AR P S A Sffgcted therin
BPBGT 58 Aol U8 3%k RBP4 B PRAT R compresor
oo Bl 5. S BB PG s e ot

BAEE e Bab 25,58 LT RSB PLOBE A e g e concenc

ut'es 00

A BASDaBhg G9 4 S0AS RU S SRS e,
Gnllenddr t(i]ﬁ ?;%b@ie\%}ﬁ%%@gfcﬂaﬂ elt g?liv\%gﬂtrgféfégfan‘ Qhergiﬂga%do Plétside air fed

evaporator e Clrc Ir 1nt
Ahel i .
tgl&%f@gﬁ the Pﬁ_eﬁ%éﬁﬁﬁ{ ﬁ%ﬁg}}&gﬁs ngﬁ%l&’é g)eﬁ‘ﬁgt%?gft%)ép PRIGE an outside

etween refrigerant 't el n alr int

SBEAARe fseghol @G‘S?.t'ﬂ}?ea}és\;/igg %ﬁﬁg{%ﬁ{é?glgcﬁrtdslj%tec@ the temperature of

di Sposed close to t are t

the ERRHAL Yir foutSIBE AR B beF§td he CBhdhserd1FHCL i ON
tenperature sensor’ (RS) for detecting the tenperature

[0D67)t hanai ExpansibhevAaot 13} a5 a@nide®off @8 Elcitdific expansion valve
evaporator (14) is disposed close to the evaporator
reddihtaBRAnURRhIn@amhé bpssed of ﬂleteligarfsli@i/\bﬂfze 113 iftkdguldled according to
the cold storage. On the other 25 hand, a bIomn#%

the p@eabisEgeSRAON refripBlant Abwiled @R loff A dvapork@IPBNAL Ur e

of the air in the cold storage having passed through

[0D6&8)ev ahe reatyratod d)d) iis pHiabmsite coldat@agoin the container and constitutes
evaporator (14) and downstreamthereof in the flow of

a thagrheanexchengep fak @blingge. inf2dior pOEIoldstdiage hisgesed close to the
pi pe (21) of the conpressor (11) is connected via a
whpailator {1 4)as @8 Internahfind16) foc iz gr ssthaceldrstgagain thg container to
valve (32) to the inflow end of the condenser (12).

iy eveporhtoov(ldhovivle ¢itnelatingdbeser i 1128 cold storagecTTbel evaporator (14)
a receiver (33), a first solenoid valve (41) and a
mpydep hess suckangh datveden (reftigrapt thereie aoh airiindhe heldtstorage fed thereto
exchanger (34) to the 5 expansion valve (13). A

by e ipterpsal dan (D) Adso disposed ehnsede dhe ¢vappriter P mee teel temperature

s\éirlgaC)rg SSI;Je%}filc%lqy, 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 temperature 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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proportional valve (35) to the outflow end of the
evaporator (14). The inflow end of the evaporator
(14) is connected to the expar®ion valve (13). [0070]
The econom zer heat exchanger (34) provides heat
exchange between refrigerant flow ng through the
above-nenti oned hi gh-pressure channel (34a) and
[PQ6N i geh dinchangenined21nef the cormpresser (Bllipeensisaied V%%\ﬁbf‘éi( valve (31)
(34b). The inflow end of the | ow pressure chann
apd asfscharce presswe serulatingadve3R) @rtgemib?éw ergbof taﬁaO%denser (12).
second sol enoid valve (42) to the pipi.ng between
rrdsfiew rend1af) the randenser d2g i1y epnnegtef vigaaregeiven @«%),emirst solenoid
t he Iom#gressure channel = (34b) is connected to an

vghiee(ﬂhbmda@ ghoRIessyre gonpel(34a) ofgn %qeaor@&?ﬁ hsgtseaphanger (34) to the

The internmedj ate sycti n port dﬁ!o pens
T

eﬁpﬁﬁtﬁfh‘fa he Ugass algféloa|wﬁg(%9 Wer‘:@F‘PF“g*é? VB &omggted via a suction
NPT GRIYENEF) 1 B TR b AVSROsHF (140mahe inflayg end of the
&@ﬁg onstitutes a fI M/re ul at o @%ve for
g fg f(“é’%ﬂ%mF@F¢Fg £ grpansianve I3k amount in the
O] SEhS Rronoerins reacsechontte b Sitfheel Sxst g perwen refrigerant
th
(Boiee ﬂ?ﬁ%&sﬂugta@aﬁiﬁ%%bg&@glﬁs%%%&#%?%ﬁ%rgeiﬁ%f@ R Ffigerant flowing
G356 AN FPamrel P Gl TR {Z%q of Bidaibrssg channel (341 i
SERTHRaR e N30 i N
tl%?%gﬁ)d@ﬁ%é g%ﬁ e i n &eﬁ;ep eTthg %&L%tna cﬁeﬁgqﬁw-m’essurc channel

I Spose erior orage 1nt

(I§ tﬁ' Qcﬁ{nect%g QZZ;]n gm{e% zfté %ﬁ§t?d?xt P%rﬁﬂg 016 HY aomgggssor (11). The

ncl udes a retde rosting secon

ugt%%ﬂaﬁ tle %gctgdrpﬁ?lé g@ag oﬁeﬁy ﬁ%%gfgﬁatﬁa& C#%X Scxl g%hl(cl?x @:fngerant 1s

n-pipe ( ar e
PRI %‘%‘hﬂg@é fssibh BEHon i of %*.‘3%2"‘?’2485&3?9“8. et or

[foA} ¥Rl rs%%érﬂ%r@pﬁﬁﬁ&‘idl oralfd (BepdbRgivhef rd Wqé%ulator valve for

.dlscharged by the ‘conpressor (11) to the evaporato

t1ﬂg0th5f?é fH gk rafBdirctiRhiatthuhPint the rﬁﬁ%@;@ﬁﬁh%]t((l@ by regulating the
first deﬁrostlng pi pe (23) and the second

aﬂﬁfuhp 6t rdfElgBraReto( B ucke® iONNE ehb@Predbort (1E). Mn Qiteer 8AGHEs, the suction
to the piping between the check valve (31) and the

pibsoethicral @alve gSS)EstiRgs aaddpagity AlguRitdrId) repnthtip@ e céslthg capacity
at 5 their other ends to the piping between the

oéx}mm&pomote(mtpbj feghlating thdefieyaparciicolatiod 4nount. The opening of the
suction proportional vaive (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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The first defrosting pipe (23) is provided with a
third sol enoid valve (43) that are opened during a
defrosting operation. The secdrd defrosting pi pe (24)
is provided with a fourth solenoid valve (44) that
are opened during the defrosting operation, and a

drain pan heater. (37). The drai.n _pan heater (37) is
dafrgﬂa‘g%e gPsTAlgR fif afeﬁ‘iﬁﬁrfegféﬁcr% cilﬁ%harﬁfdf byhe spiemon 61D to the

<SPPI Tt T oot TG0 125 BYRGEorgR 41 Hbe drek atigine pipe (23
REL0LS, RSt LoLal oL OSSR S
T b SR ) 0 L0 BV E, cncs
td{}f blhsF B Pl 353%&%}%%“%5 1y %?é%{?hﬁé%?‘?e e ¥ R eporator 1)
CopiPoledpbrs by iy Phet
PR 3 445t SRR TR 0 o o
ition. [.0074] T ' . i 2 '
03k 5 Pige PR pPRRAG ﬁ#ﬁiﬂf@ﬁ‘? ?a@?%%yﬁjﬁ‘? i’fﬁéﬁ Fuifga Wit a fourty
11 . i i .
bRt oo SR B R B R oiploloand p grojp pon hester
(%'&.e ThY acﬁ_%a}t)%rh g%&ép g"!i i§%fpasdVin a Ep:gn %aﬁc f8%i 487 frost and dew
pas serves a I p

S pi pe SO as an ol lFreturnp

c];n? enStid \Q/%lt'gg Sfoggvé% Eﬁ rfﬁ:tni] ﬂ?zr gﬁ?ﬁ@% QFth%i e!va. (ﬂa{Op ?](4_,2 ﬂ] ﬂg% cold storage

efrigeran ( arged om the conpressor
of fe SHfialRD PhelErold. ik Biscilatddd bggﬁe compressor (11) flows
di scharge gas bypass pi pe i S connect at one end
oA P LR} LR kO of Ao s B o ok o

d8Rd cbUehbBRiR NaRG rdd6VEELNnt e ﬂl\éi%ﬁ gfaﬂ_t ke (Heht 8O IRCrefrigerant

suction proportional valve (35). di scharge gas

dR¥RASSEd Bl RRe Cempreksor RIDVArdaflerdby et Thiridy 8eldeRBUthg operation, the
valve (45) that is appropriately opened "25 according

diseh&pe gﬂitsbl._ﬂ'g réSMinzi vale. (3201 é8d to BRI cRdédipdsii@ct | on

pipe (26) is a pipe for returning liquid refrigerant

[@07t4qi NERE Qﬁschﬁl%ed%%SBypa@Q pipe (P®) epradepeefor(LRming tHeerefrigerant
suction side of the conpressor (11), that is, for 22

disoh&gtd bl thd canpstedsof @aY tothe sidtion didpibOthe Bb@ptdsOdt (p1)pSuch as when
(26) is connected at one end to the piping between

thid@oling shpaity @f chetevapbratt 419) iaatkekdice. dteniisthage gheBipass pipe (25)
exchanger (34) and connected at the other end to the

sgrves algo stanesih rdtire mipe forarrtypnimgaefrigeraingwakohing 81 )in alnd refrigerant
the conpressor (11). The liquid injection pipe (26) is
dpcharged dromn tthe aosipxeskors Q1@ rtoi the \sabtven 5idedd) thehedmpressor (11). The
appropriately opened according to operating

disohatge igem dypass pipe (25) is connected at one end 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 hquid 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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[0076] The refrigeration system (1) is provided al so

with an unshown controller. In the controller, the

desired tenperature in the int®ior of the cold

storage in the container is set as a set tenperature

TS. Furthernore, in the controller, upper and | ower

limts are set as esired range of _internal copld

SOr<Gy 158 d QUi Fae i TRFRURE, PR\ S HIBRERFG AL one end to the
node .10 whose details .wl descyi bed | ater.

REpBE; hetwesn fre fust S‘?IFP‘%‘wéfaE’SE‘ﬁP 8Paé£e' granomgRL,heat frchanger (34) and

SEERSERSHIS e o L3 e g ave 29 e
SRR GE TR RE R SEE —
R e R

OB SRREA Sy S BT S B, n

cg)gé{)g reghﬁet c#eglprec? ?’ezliie[rrnﬁé:%)sipgﬁ% ﬁn?gigoglcg)g éﬁi (r:](ﬁ[l %éoergéi igqhe container is set
N S T S
4L BRI B BRESLPD) o o erion moc
\bﬁgsgrd@éilsc&hp bﬁtcﬁgﬂ‘ﬁ%dtl fgp%eﬁkﬂféalg ge'f' iIIPI Ebntroller are a maximum
tenper atures than zero egr ees I Us and the

t%gg(\!ﬁtd}'? Nih AN EPhite il ARt bﬂﬂ:é qgﬁ:’t ?)F!aoa‘esirea‘lq%$eaof w%?rgﬁl cold storage

cription i's given of i ng operatT on

tbperahfed UsRl QF pdikignd?h @SRRErandr& VAR, ORhichOR7#le 1dwdrNBmit thereof.
chilling operation, the refrigeration system can

IRR@EAhSrel the@oRBONH is pforiRREHAR b W PRERIrOLorfdttiBA SK&Ms for correcting
savi ng operation node. The normal operation node is an

1B Al RFRrdne WTh&h ahd ereCATRARES Bimpletdiirel Bmin during the energy
continuously driven and the air in the cold storage

safing Qpkidiidawsdde. cool ed by the evaporator (14) to chil

stored goods in the cold 23 storage. On the other

[parm], tlpepiiongdyB&aviong operation node is an operation

node in which the conpressor (11) is intermttently

dr i venThaeeftiperatoi systent (B i ohghbid 6ff ffeeding spgrition for freezing stored
conti nuously cool ed by the evaporator (14) to chil

=bds edthgandts storage v tleotchtahartgygmoling tiee insawalrgldsteragy temperature
of the refrigeration system(1). 5 [00791 <Nor nal

tebey aerodepoce Eelsius, a chilling operation (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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First, a description is given of the normal operation
node of the refrigeration system (1) with reference
to Figure 2. In the normal opefation node, the
conpressor (11) is continuously driven and the
openings of t he expansion valve (13) and the suction

por val ve are appropriately requl at ed.
ﬁs‘he@ Rofe Oﬂ}eﬁ heRd %sr%rgyowrs& meaw m%ile s pRepperation mode in

SR SRS RSB R b S8 g
@%flavﬁ?f?#y ?fgq%ect E%}fe;%&ﬁgfa?@' @ﬁl @rﬁaﬁ sk ﬁdd g%fé ig {he cold storage while
driven at ornal r ot ati onal eed. [0080] The

§a¥’f“|g|eé’8?gé’rﬂ ﬂ&%ﬁ‘ﬁ‘r‘@?&i‘%’ thé conpressor (11) flows

h h 21 d th to th
O N PR o B enaer (12). the rerri ver ant
rer aof ey %5%351?5%%014%9?@”ﬁ%&gﬁgﬁéglfcfp% G036 of the refrigeration
SRERLUS s few?sg? PP s d0ahe r%%%?ﬂ SRR o ogt 368 baBbressor (1) is

ctngxlillgc?uglﬁ P%r ;/ef e IS%D ‘t“gﬁ%scf ¢ & 8&%85’?: EVPT RLﬁu 94 the suction
Argﬁirrt) E)S;IS\H: \% 4§3|§?nneg:ﬂ§§]?1@t%lof ! r1ate§ CRIHTE JL L5t r1]ne a}e normal operation

anger conom zer ea

rﬁ&(&éﬂ' qg%?"i'st(a%é)s’eccgrgiﬁsolg 1&1 %gi&%gbgg(@yaﬁ al{ B 18&%!% #yﬁed the third to

pressure anne

%gt& as)bgﬁ{)ﬁin\'}al\ffésqg‘% gk t4l§r Qfﬂﬁeﬁr\?\gng&gﬁ ﬁBsee‘?iSéﬁElqhe CRRMHAL kan (15) and

to evapor e econom zer
r er ant
P BhRACRR 06 ard é‘ﬁ%’ﬁ 5‘}1%%?‘2]3?&3?{%9?8%%@ “(342). The
[@%6]‘) 9gha Rt e¥ARPEGh sse'drbgf e clo Qé's&sglliﬁ floRRaR the discharge

i's sucked through the interrnedi ate Suction por

ffipd 81) dnltRed Ho ﬂﬁ%ﬁéﬁs‘éf (12151)11 théoh8OREL (1) Ethe refngerant releases

refrlgerant supercool ed in the high-pressure channe

Hedd@) the SufsRiRUGEE dofderRE EPRdsEATicr ARt FRARS @ﬁﬁﬁéxﬁﬁpﬂ’&bs {iaQhe receiver
expansi on val ve (13) and then flows into t

(8 PRA6 WeOhigh{pkésburel dhahhid (BYFAPEN Bk Qeohdiftlzer hé¥® exchanger (34) and the

refrigerant takes heat fromthe air in the cold

184t a¢ egiRicédindftessaredpAh@t@ursesf phastaps hiongh kiR dapllREy flbe §86) and then
the cold storage in the container is cooled. The

ficvby ingetha néwevespme chathel (B4) of eheaeonahizer hdAd px¢iaagay34).

t hrough the suction proportional valve (35) and is

[0081] slickedeconémizehbeat @xphagso(34),1thg refrigefia} flolirgy tyough the low-
Savi ng Qperation Mbdde> 5 Next, a description is given
poésstieecteneelgB4bptakeg hep dran ithn rafoderant flowimg 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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refrigeration system(1). In the energy saving
operation node, control actio fromthe first to
third as shown in Figure 3 are repeated by the
controller. Note that the principal refrigerant flow
in the refrigeration system (1) in the energy saving

e‘ﬁg}%{r ! 8\@ %ggsi]]l ?hé E}ﬁen(?rl L SF%zC(%]IHOS?]&g%{I ngi gl?)el cgﬁgfn%} xso Booled. The
rgﬂ'l;‘?erarﬁ F\‘#ﬂ[ﬁo {:h 1 the eg edé%lfo? H}@ tpﬁgs%g ﬂgrgi@,h Ihe. sg&!uélmgrop&ttmnal valve

er nor e, = dur

% ?:Hx@%eh‘%ﬂ e%ﬂﬁto%@l:ﬁﬂ?re?%g?ﬂfy of ~the evaporator

i'S"Fegufl ate ternal cold storage

hggegjer aEH, {E;'Sﬁ\g E@rPe@gthot,lq\?odéet tenperature TS. [0085]

ific Irst action, the openlng of

the sugtion l@%ﬁﬂgwg ghoﬁa? WAl ¥ thel nky) séﬁné_gﬂ)g ﬁdmode of the

by Pl contro e set terrpe ture

rERioRrk e sydiEAR Y. 3k WeerRfay! é%@mlg'};p%f cf&edc&ﬁﬁﬂ @9@01}5 from the first

tenmperature sensor. As a result e refrigerant

161thiH | At IRV TP Wurk 13 bR réfRbel! mt c&at&m&tmﬂcoihat $he principal
regul ated according to the openi ig of he suction

BNt N8R thakMBoérdhidn sWﬂ&ﬁ ePyid fe eﬁ&%!v'sﬁﬁng %8@1%1%1]5% mode is the

of the evaporator (14) is also regulated. 20

sMﬂ@@shh@m%@ﬁhﬂ&@eﬁaﬁﬁqm&% of the evaporator (14) is
regul ated while the opening of the suction

[POSROr Ini BB Erst\selive tﬁé”@mpl‘ésstoh(ﬂl)ﬁé &6ven'inldiBe BRGYS fan (16) is driven
manner, refrlgerant is ltkely to becone wet over the

ae BtriohBaRfRAicb] tgred eFaEabeY, ddidg thd first BeticiQahd Bebling capacity of
capacity of the evaporator were regul ated by

theeguipatatary(1un e epelaicdGoahatithe ibeal éa10istrapepRipeiture is kept at the
valve on the inflow side of the evaporator,
setetbmpgenaa’St | ow ng t hrough the evaporator woul d be on

25 the dry side and would be likely to cause

[0G8H)er Spacifecalizy dwaingahe fifrstantiom fthowpeimeyy oHithe guttidropyoportional valve
of the evaporator. On the other hand, when the cooling
(EPpacireguiased thye Pl escoyprot dased (0bd)hel setr egnpleattet W8I bed the detected
t he opening of the suction proportional valve (35) is
t@Bperatiro pf (tead interhialscaldi stongd terspearitore samper #tsua ecsult, the refrigerant
distribution of refrigerant frominflow end to
cooeletiomamaunion thp gelsigarsot airenit (10))is regilaged ecsording théhe opening of
air in the cold storage can be relatively uniformy

theogicEgn propsrtianal eﬁlﬁalﬁ%ﬂn yhereby demeqading appadityyofdhe evaporator (14) is
internal cold storage tenperature by the evaporator
3F94?Q1§3ﬁ0087] After the first actlon the second

g td on_is carried out. Note that in
[0086]  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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enbodi nent a transition fromfirst to second action is
made when a tinme set in the caontroller has passed
since a first action start poﬁﬁt toin tine. The set
time is a period of time |ong enough to keep the
internal cold storage tenperature at the set

IS by .coolin at.or

fﬁfﬁﬁ) rﬁng BB the; *@napslga&gs %Qﬁwitv%pg# fqmg#%ﬁ%@ni%ﬂow end to
SR B a'&'tv Yporkile (PG &55 refuts B i @Fﬁ@dbsg&ﬁgeo g4t be relatively
PP R @m&ag%%hae“@#%&é? R RFREHTL G dhfsal; (e storage

tthe dFS ge eratkg has cone, a transition from
FPPLE DY giof |s made. [0088] In the second

[@gé')] il né‘ﬂsléﬁg% r?fr)? a Orbf Rgeecgbcgg%q& i ggi,sp ?!Tilt)edt gﬁt I\rllgte that in this
I h | .
B2y l'éf%éﬁ ol i *Z?Oaaacaqn lgter%al'gl@%fe Wi £ e set in the
c?%[é:l'ler h%% tpa% elgﬂ}ctg agférs? % q ’i’?% & &‘H fig)a period of
tinte I'[%Bg Se{mlf%l t%ﬁ {hctlpt%rrﬂl? Emlstor%etal%fn?)gﬁlmrg gﬁ%g set tEHlperature TS by

con |rs I on second acti

cbBnd Bfﬁi(g'l% {))aw? gﬁd el tlf]g %ﬁ-‘a Rk n?é?l@l it is Qé}%gx:%r%@]y 'R0 minutes.

regui eco gr adual rger since

Qélﬁkaﬁ)l m ﬁﬁ &eé@séélvinlg r#t%?atl%g nrlgcier 'v%%gi Wb rféfnﬁfe#l);ﬁg pR&ed since the

nDun circurt (

ti(ﬂkcgﬁﬂf Rﬁ afi'd d[’fH(TE Poi‘ﬁ? of bpgfhfcﬁﬁgfﬁ Hé’tgl?ﬂ {}\% ﬂla?\fﬁ@ Ht&he cold storage

SO graau Y I nCreases

R EhRA isCRIrly HeBf 30fRORE Mﬁ?ﬁtgl%%ﬁ%% tacirz’lrﬁﬁlon from first to
mni mum tenpérature Tmn by the above regulation of

stdRdAR8H RGnade. t he suction proportional valve (35), a
transition fromsecond to third action is made. In

[06833T  1WOMhE SecdnactiBh! 4 1#A¢ bSRed Sinddiheltahd point EQMMAcooling capacity
time point t2 at which the internal cold Storage

of eRP eV aid#4ter [ PACRESaliRly McrratldhiE® aRRrdihglyethEninternal cold storage
Note that the opening of the suction proportiona

tatAparetute3fs)gradually eBUtcatedd Syl S eI e iséshdagtiod,G%e compressor (11)
every 10 seconds after the tinme point tl. As a result,

cbhigmiz6 to batidvernandeibe éhtsinal g€l 6)capel diiveeatrtat abiva rytational speed.
slow y decreases, which avoids that after the

It canisast iotheffirstnactienpimdhe sedond radtiar tthoopentiigeof theasnciédn proportional
cold storage tenperature falls below the m ninmm

vabedd5 pisueguldied o beceeneg gadsahchkdee dirva der e qrinidt.uAs a result, the
100901 In the third action, the conpressor (11) is

refmgedinb ciztylasero pednt istha nefigerant cirgeit ($0) pladiiglr aicrasses and the
cycle in the refrigerant circuit (10) is stopped to

ceolirg capeiity @@thg evapardter (14) also gradually increases.

[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 pomnt t2 at which the internal cold storage temperature reaches the
minimum temperature Tmin. Note that the opening of the suction propertional valve (35) is

regulated stepwise to increase 10% every 10 seconds after the time point t1. As a result, the
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evaporator (14) cooling the interior of the cold

storage, whereby the internal cold storage .

tenperature gradually rises. rt hernore, during the

third action, the internal fan (16) is driven at a

smal l er rotational speed than the normal rotationa
desc

. . MW i onal
PR G0 eR B iy T e RoRE MY AR SRt A RS that afer the
the f t t t f h
tlalﬁglt]{)lla E‘r?og{ gv.?ooga’ Q%ﬁnl{dgaé:%o tblfz %ﬁpﬁn‘agﬁcﬁe %g?ggé te g{jiélgg ?alls below the
wher eby t he .i.ncreas nt,er col d storage
Pafpirieorelfs f%n e a e BrdeBRe Byt S Satcad

h th f .th t I
b8 " g Rk 2@% §§%gfﬁs§>5§?u&* e el s = resul, the
rgfng%rrﬁ?l{)h n(tafec qen %!l (}fle rﬁ e ant te drc {l@ 3?: fand(t:(L)Gglllbs%ntlally stop the

ata

e(zgéo%top ffﬁh c%gggg ‘theFH){erﬂ)?r (*,018I %{oracn)% twr}l%rrf:b thg 1ntFrnal cold storage

eni ng ESC roo

té’lﬂ Qtu('e3 ?%alg]ihgltl)b%sg %ﬁrt{mé?@e q{lﬂh]glt)hgaﬁlrg {:ﬁé}? |t§ grﬁgxglﬁl fan (16) is
d%QrLeﬁi ?’5%5%9% qumraﬁh%geg m&%%oﬁﬁaf fo%%?bn@ﬂ gpeteE eWhen as described

reac ES t maxi num't enperat ure

aBB{zJ %fﬁﬁé‘[n al ﬁpe%ﬁ RTh fn?é??]il rf?l_ﬁfdp i ‘fjov%} tfxiu{ fHose ﬂﬁ]tﬂéé) the first and

I's er wWor actiron s start

sbE Q:tlbh?ethgcﬂu%tltg?’ ialt)eawahgh tB&tidH dfhEiRRnat Tt (16) is reduced,

st or age ten‘per at ur reaches t e nmaxi mum ten‘per ature
Wby thE rate 0f $ikrkase i %m&@l’%}& §§)9£ge(t\1:ﬂﬁ)efa§1rg rd'uﬁﬁé‘ the third action is

again and the internal fan (16) 1s driven at

anr8Rlcell Ofnadhaffiak thesﬂ%ﬁﬁfb'nal eédef ﬂﬁerlﬁemtahfancmﬁﬁ '11’1" Qrd@f to reduce an
the suction proportional ve (35) held durlng

abhipt ¢org6d veRatich @ﬂ@x@ﬁﬁl@nﬁﬁ fan(16)] thi: 3hteRRE T 1 6) Ns bh@e stopped and
first action and, then, the opening of the suction

tidnOpanRédiaen/ dri@h\6€a G&ﬁ}othﬁoﬁaﬂi gpded! PeltieYmbBte, €0Ah¢ e third action, the
based on the set tenperature TS 25 and the detected

opempg bathershciddn prlogoitiohel vabte @38} i Heldiigh dt @iigaidadfith€second action
sensor. Therefore, the opening of the suction

(theainor poinin)h. val ve (35) at the start of the first

action is the sane as that at the end of the second

[8@21i} o nWihen i they intkrinalhcdléh stoegel tempeaapa@radoaly rishe and then reaches the
evaporator 27 (14) has been increased to cool the air

naximhm toiptraver Bgex bYstha abeselthird takdom,ed tiaggtiomtfrom third to first
circulation anmount is ensured fromthe start of the

affiersis made. dm othter wieirdsh thehferst attmmnialstagtefi drons e dimgpeint t3 at which the
tenperature reaches the nmaxi mum tenperature Tnax to

iptemabeald sipsageonpperstir rqathss thamuxitemdpmperature dosest 4s a result, the
storage is then rapidly cooled to gradually approach

compreseqy (Abis dsivenpgeinand ke mgpinal. fan (16) 1s driven at the normal rotational

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 Pl 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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[0092] <Learning Control on Maximum Tenperature And
Internal Cold Storage Tenperature> In the energy
savi ng operation node, for exa#hpl e, under conditions
of relatively |ow outside tenperatures, the interna
cold storage tenperature is likely to drop when the
10 cooling capacity of the evaporator (14) is
[k hanbesd mrasyl {heoelebsmir it theoreld Herpes obe 2 B§Wh the refrigerant
durjing the second actjon the |nternal cold stora
“t"’é“HJ@é‘P’atam%mF Eagrsatedt am e siartne the ety %&t@neatml%w the internal cold
prOV|de atransition to the third action, the internal

@g@re r?@bﬁ%ﬂl&t%@nﬁﬁytemmt% T tRaestathheusempressor (11)
t eratur n. On the other hand, under . conditions
W e 2 1y yCOAﬁi §oraast i then randyrcoolrde, eradralinerpraagh the desired
cold storaqe tenperature is 15 likely to rise when the
EYRPPBEEB#AP-11) is stopped during the third action.

efo e, eve i f. duri the third action e
lﬁﬁf " naleiping dositahen i, st And THgmanfold. Storage
nperature Tmax to provide a transition to the first
Blegﬁu he internal cold storage tenperature my
Tmax, ln,or

ini?da?'h%? ey FrE e R ey ﬁfaeaampwmﬁmﬂms of relatively
PR B s S E%%ﬁl%&?i@%f%gé%ﬁmer%ﬁ@ SiE {6 brop when the
<B4 Dl 3 PLERRRROL R st ForSTR ACRE My s ELGH g Theretor,
eqeﬂf%umﬁggﬁz)&%%& Q0P pd Tbs SREL G2 R0CLAL e minimuy

er na

t%ﬂ#&rﬁtu@?@ ! t ﬁ')e JB'v{He”?;' M g;?gfgﬁ rgt tli‘% qgﬂ:?] &t:gﬁ pn%t uﬁe%-nal cold storage

ermne ur| ga predeterm ne erm na

tprﬁf;érgﬁijré)fm P 6di0% ¥ HARkG ﬁr@)@ﬁ%gsﬁw% L tHeEther hand, under

25 action start point pol n

coR&ifibhi Sﬁ}élﬁxvewﬁghtc}ﬁ%dé%ﬁfg@ﬁltur@?ltﬂe fh@hab&la storage temperature is

tenperature bel ow t m ni nmum t enper ature

1Ky % ideNehaPBY oA (18) sQfbppRl d8HnL thd hiTR acﬂﬁﬁi.efherefore even

rel"atively | ow outside tenperature conditions,

if QRFihP | the thiHl@tRELS thdlisteRRH cORL StophgdSterdpbfiure N@Eﬁlcts hat maximum
even If the internal cold storage tenperature fall

t@BpEWuEd Tt kT PRavide BAPesmitibnetol tHeNfifse \aR1idh, fl'ieni‘ﬂﬁerna] cold storage
during the determi nation period of time of '60 seconds,

téperafuk@ehalySrideUibtad th maRuRNemperatirt MBAKD IR, orddi€d avoid that the
the internal cold storage tenperature does not fal

ieimalcéliatoragd weripetaturp eedittek rohnthe dbdiréd@néperature range owing to the
determination period of time of 60 5 seconds in the

abbve dusidel empefatideeconditionsy theerefitif@atidragydtamr @3 eif. this embodiment
Furt hernore, when the energy

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
predetermmed determination period of time (for example, 60 seconds) since the third
action start point (time point 12). 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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saving operation is continuously carried out and the
flag is thereby turned on three tinmes one after
anot her, the tenperature corrédtion neans of the
controller corrects the mninmum tenperature Tmn to
raise it. According to this correction of the

MBI G & oih i I EAfariutrage JTaesiaiifo falls below the minimun
RS ST B APORE ths i loneo ] L Y50 seconds, the
Rt TR OB RS oo e Bpbebeon LBt ol FERdimperature docs
o B RGN B BB Pk L el 2 AEPE ¢l B PRP P oA B time of 6

made.  Ther.ef ore

b . n rd 3 . ey
O BB O A TELSE T RSB TAEIEHRUE bk e ccry
-falls bel h 1 Ni 5 .
RTRERMES s S SpBSLPEHEE 1 RLAYE e LEIRRAT LR on e s
i .10094] FEurth i -
SHESH oL RS Ol 4L DAl B2 i
tétﬁg&egatuﬁ:t PRR9% LEIPE! %c?ér%n{éd%eﬁusaggr\rlee titogeof.'@élt%&rauue correction
nmperature ThaX of not 1S aetermne urirng a
: o , Loy L F oree
oBA8ESE SR ASAGE DB REF O ST S5 e e
¢ oy > . . i . _
VTS B ARG P DBt 190 0 0T i

upSARE R G itéﬁﬁeéﬁg%v erohin® ABXA Mei eg@@ﬁ A’ ﬁ'}tegg?x cold storage

during the above deternination period time un

tenSpedtineSledciils Ghe CAH&IGemMiBIRET Ridpefin@Oondid kQQ@(i:q)a%d}ﬁlg the second

controller detects this and sets"a tlag. Note t

a8 ofl 4 c$dI€ afthl e RBIre@RInda 12hOIBH o HRMAGAAHEE id In3€S Therefore, it
above the maxi numtenperature Trmax several tines

c&llibeNgvdidel thiet @E Mnfeatdl OdblPidrage WmpéraRir®ffaBP below the minimum
seconds, the flag is turned on only once. Furthernore,

tediperdiefe Tt %Eﬂ"eﬂ fhizh isaBE thvidr G0 ef the MHEkhledddired thagferdiOie range.
rise above the maxi mumtenperature Tnax during a

[G0SUEr reieimBrep e it efdrgy | sain@f opdPativ@C Aidds, ivhethBE the internal cold
third action of the next <cycle, the flag is reset.

storage hemporagyre wires abbee @efr@gyinsay i teghperaeirat Tk ioc8 not is determined
continuously 29 carried out and the flag is thereby

denimgn e goredetdrimes ddterasnaiva pfiodrofaig ifer extnple, 30 seconds) since the
tenperature correction neans of the controller

peint o€ dtapsitioe fremithe thitd agtematouthe flistiactian (towe poirit .t3). Specifically,
According to this correction of the tenperature

whon it titemakhedd storage temperatvne gires mhaverthn mexinpenr d¢mparature Tmax
Tmax is, for exanple, 5.5C the tenperature 5.4C,

dying: Fhej aboyedetayminsitionipssdd ®fHime uhdar aelatinglyshigh outside temperature
correction value, 0.1C, from Tnax, is set as an

CQIEH%QT@d thepsontighler 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



10

15

20

25

tenperature Tmax'. As a result, when the internal cold
storage tenperature reaches the corrected nmaxi num
tenperature Tmax' (5.4C) durirg the third action of a

cycle after the correction, a transition to the first

action is made. Therefore, it can be avoided that the

internal cold storage tenperature rises abgve the

caaied Aapd thsciag isrtherepturped grihres,imes ppe plter %@Ehfﬁp%i: temperature
limt of the jnitial desired tenperature range. [9095] .
CRBREEr Meay of the| c&nﬁ@llqn%yec@ofgairpq)gﬁgmbfempe ature Tmax to lower it.
signi.ficantly high outside tenperatures, it %a be .
Acsprhingtp thisagoresglian pf therlgmBEBHES FREFTHORGREBTSt dFe fygent maximum
been carried.out, the internal cold stqorage ... . .
PRRRRER TEX iy OF Xl v Ct HIE TRRFIAIINF b cleppe PAichrg a value obtained

Tna%. Therefore, .if the rned. on five ti

by GE & TTHGHOR AL O Cadtap AL, i5nSSheis] B upfiaied maximum
EETBRTE SRRt AFON: HUUE 6 ST BGPlE SeIpeSATPEifgge reaches the
L3R B ASH AR TSRS 21 ARG i g vee s
OO OGS, A s e
AL 50 sl 5P TR Sl T 5570
R R P SE AR BT 07, Sevt g 2

0050 BRI R R ATTLAG R SN M RGOl e,
B0 8 0BG \RIGE 081l PRI e

cr@m émjgg% { erﬁﬁgﬁﬁ%ﬁﬁ%ﬁ% ﬁ{e‘%ﬂaﬁﬂmr@teﬁﬂﬁpﬁﬁljesﬂﬂa}% Sherefore, if the

ween t ction tenperature RT detected by

ﬂageis AL B8R v TRELsAdHd Bted SAGIREr D) the MdiethadiBa ipefbd of time of 30
ténperature TS in the interior of the cold storage.

skéondk iffe ehe HARAGL $18 Tirst ARjoRU el SRLrdBIPRIAE US QuidhdtRally switched
beyond the range of 30 desired tenperature TS 3.0C,

e tHetnRFgdiadaving@l dpefatioh adle k& IRabIV LR ntiSndLRHARA] berBBon mode. As
pronptly brought close to within the desired

atres e aliél sich @bAd i8S dififfieinbiychigh BetsiderteMbperatures, the internal cold
operation is continued. On the ot%er hand, if the

sEtdd empeetie iadurele ket dtahd deswed inpdritare byathgmonhal operation mode.
desired tenperature TSt 3.0C, the internal cold

[8096] ageAurimricas witch i Gontdol dediyedn RepmaivQperatidnhédnd Energy Saving
desired tenperature range, which elimnates the need

Qreratomt> nuously drive

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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the compressor (11). Therefore, the control proceeds

to step S2 and, in step S2, the energy saving

operation is carried out. [00 In the energy saving

operation, the tinme taken in one cycle fromthe start

of the first action to the end of the third action is
10

dsemgtteﬁr‘?neﬁ%gge”m %”ékffeitﬁ%n ”aﬁ%gg h%npera;: ¥ necded 1o be
7558} BratReRle ynER hr deu iy FRoSt Tyt 00 Pifurg, the normal
githlrda unﬂgﬁr crﬁpltlon.gfz {ufs EEE]% thin th

HPgHoR it §P%‘81‘F§n%8r{2 § et g & WP|tFmP%s s 3 el within the
rgnsg (Fclfo %lreé tQ4 au:?tgreg"}‘ $eacht§ ttlr?ﬁ grlnm'l lgpsi(gr%tgé" e?np-lerr%ture 1s already
kteﬁ Shil e %em&?)&e&%gra{ug% ra}?g %ﬁlcg %ﬁn}{naﬁpﬁ ht %}E&P to é@ilnltz%uously drive

Fehs T alr'sy

tﬁ‘eary egé?)‘)a‘ r(f#)h?ﬂtarefr Igg ﬁé t%rﬁrol pfr()cegﬁléjﬁxrstgpugf and, i steg Sd’Z the energy

con ons savi 'S €adn

S%@g%nggﬁﬁgn%fca%é@ﬁt t| nes of the conpressor (11)

arge, resulting in a shortened |ifetinme of

[6%C0fﬂj{h%se§19 §y(s]a% oB%raQ@ﬁyﬂ}\e;’! ﬁxﬂ g%gﬁ in é}t'l%- .tcgge l'iﬁiflt}geestaﬂ of the

erature | f1'can

ﬂr§ é?:rtll%n G¥Ghe eh@ of %eeﬁﬁ]dn&%oﬁ Qs lﬂfea?&l‘@ﬁ U Bher?fn 5!%@%3t R€omparison is

time in step S3, the energy saving opérati
nﬁa@fc'ﬂe@@&&gﬂféﬁlﬁ@ tﬁ@) 1ﬁr%91et(ﬂ'€le aﬂf?lrﬂ‘i@ hpr@(ﬂ%%rﬁﬁh&f‘sét Stl(ﬁé"?ﬂr example,
restarted (step S resul t, e conpressor (11
1188 se&dMak). nuousl y drlven thereby elongatlng t he
l'ifetime of the conpressor (11). [0100] Furthernore,

[009%t eMeaRwhilQNGHES AR |dbmprdsBort () SisaktbpRdd i ehd iR action under
operati on, the outside tenperatufe OTl at that time

cbBdiffBAS W @thnP¥cahtlf Hph Sufiedct RIPRFAheE.Cthe eia®untiOHle air in the cold
25 Thereafter, in step S6, the current outside

stoRAguBANY Be Gﬂiﬂmﬂuﬁn gt @iy as@aswl i@ Figire §geaches the maximum
i medi ately after the start of the nornmal operation.

tethperaturd ThiaR (I3Ui2) &ndxtietdebi shorieped) eviathusiortefi Asd theaime taken in one
predeterm ned set tenperature (for exanple, 5C) or

cpdeefl amargy dalving dpeeationt Theref@d, iff wnjee sathucenddldnsathet dnergy saving
start of the normal operation, it is assuned that the

opetaspnles corimued,ahe nembas oflonpfiatn&Cobthe nompressacd 1} hecomes large,
end of the previous energy saving operation and the

remubingy insashortenep difetimo nf dencdmepressst 4t)edio cdpemathahis, if the outside
the control goes back to step Sl and whether the

tempgraiprs swsigngficwty dighomdshe ting tpkensinane eiclods daermisedsto be shorter
determi ned therein. On the other hand, if the current

thap the st timeparaeubd T 2nergyrieving cg:@gatlon 1s terminated (step S4) and the

normal operation is then restarted (step S5). As a result, the compressor (I1) is
continuously dniven, 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 OT2 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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tenperature or nore | ower than the outside tenperature
Orl at the start of the normal__ operation, it is
assumed that the outside terrpe3r1ature is still high and
unsuitable for the energy saving operation.

Therefore, the control does not go to step S1. [0101]

N N AT R —
A A L AR IR——
S e Ao 1P BB BB B, i conol e
BSR4 FAGBIR! o By Bl B s o von i
SRNIERGTE O BTN b 08, LETA RSB SRR b nota s

tg@g%{mé iom(ggglo%vgre thaf L &% S?‘h {r?%nl era%)l(r%eﬁ?f at the sta{toof the normal

ermned se nurber "o , such™as ow ng tt
RRLFEISY SRHRRRLR FRbabRE I OB Bhdibte o i
e 'sz%ng eéi.?lSﬁ.'fHe&?hlleé’1heltr§§ﬁtr51‘3{c{e5%ﬁ@goﬁ?%§}’.st em

successi vel'y counts e nunper O s of a

et N ﬁmnftﬂé rc@lri]éé?gtﬁon ﬁ@ﬁg{ Qg, Mk aB&\%ﬁé%%ﬁi&e&@gﬁng operation

[11. In this case, time-t gnet swtc

i% WhRtd ShoBrRlicHy (F? Shrphe, CQERL fifly %ﬁ&g‘?n@%{e@{i\te of the operation

ime. On t'he other "hand, rn the“contro

R6RIEtHRETb RS P the BARoih D WBdth o WP SorRhl SR &Tdn {s! (BRSed out and
(for exanple, 200000 tinmes) Is set according to the

WS fthe 8ler@Nsa¥ingl R rRRARKEIIE D stalibd or ABUR delefmidi@ in step S1.
nunber of on/off ~ tines of the conpressor (11) exceeds

[8062) 00 <Priiti1ti A6 COM 8l B ERef RSB ARROpRREADY Savi ng
operation, the energy saving operation is prohibited

and onFyrtidf@oRQr iRl the PRITAEdrAiorC afysieth 15 thig! EndEdi@isnt, when the
[0103] - Effects of Enbodinent According to the above

aedimdiatdniumbieh @f fod/dfpvihieg of fthe EdripRE®r XN ddickads. a Eﬁkdetermined set
[0104] According to the above enbodi ment, since the

rmorter ef siotes,(shith ab swiny ©r the ehany lsyving opsration wnly thetdveémal operation
energy saving operation node, this reduces the

ippdowed ngpdpbovenergly sahimg oEemiomssoprohibited.afpedificaflyy the refrigeration
enhances the energy saving performance of the

sysiEmi fecessively caysst then riuber B [QIAHF Bares iof 1 magyetiswitch for on/off
t he energy saving operation node in the above

centyoldofithe compressor (11). In this case, 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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shown in Figure 3, the internal cold. storage
tenperature is once lowered to the m ni num
tenperature Train by the secord action and the
conpressor (11) is then stopped. Therefore, the
period of the third action until the internal cold
t orage tenperature reaches the maximumtenperature,
511%1 g'e@r ding do dheypbaye qpRodEBFRir @§§f‘the(°PI‘)PT€Sc§HI’ ) is intermittently
ext ended, .10 whereby the operating. ti
d@a’ﬁ%ﬁ@’g&%ﬁh% arffgbam‘y OP%“%@P g5 @a&ﬁa &E? ApFigHng power of the
node can_be effective uced. Hence, the oper
CB’ESWS‘Hf(l h&eBhpires cssl CIGTRY] FYIHENRETEMBIYG gﬁ\fhwgefngeranon
er ilon node can be reduced to a great extent and,
SY epith, the energy saving performance of the
can be effectlvel ance

?ﬁ%&é?ﬁfﬁﬂlﬁ& 3 i Srhey e aperplen pods pféip P SMibodiment, as

sBRve i Fiirs 2t %F*aﬁ Rl TR RE ety s GRER TP thg minimum
h l.d

iReginite gt M\eﬁég Shfn i e aeabruthisafier HRPSE Therefore,

o 2o PR i?atT e sl R4 e e reaches he
nslaﬁtggl Gl el p%r%nr%XT ax Cafter 1%3 qsltj(?;ﬁ%if thémt trgsesgre ?il)) can be extended,

ore can e avol e ene

Yébg'gtgtg 50 e ?agleg g)?fﬂrl% %S%Petsgcgrngll gg éﬁ\? reﬁgr astalxjmg operation
e, T EOATSER APV T bl IS o sopreser O
dﬁﬁﬁ ﬂaeeémﬂﬂ’ %‘%gjg oﬁe?ﬁlo‘ﬁ bdGhndRPaGhded Bfa %rgﬁ extent and, in turn, the

eva or at or I'S regu ate by regul atin

efAREH 'smngfaeﬂfé}%lﬁe@ b @8 r@f'h%@x%&h XP) chf b(e%'i’ﬁecnwif Bnhanced.

the coolThg capacity of the evaporat (14) 1s thus

[0RGY ! ab@ehehbleS i e eﬁ@r%?'sﬂﬁn@%p&ﬁﬁo@ ol Cthk @Bpacity of the evaporator
proportional valve (35) is régulated, the refrigérant

(PEGROREe @xﬂ‘om%t&ﬁﬁlﬁﬁif@% tBpressoP (11§ Bte dRLBIIER s@that BR internal cold
evapor at or (14) erefore, the air in the cold

sRirdfea @M pedturd Chan@baivithil the alleWikle Ervpe@atedtnfy bétheen the minimum
evaporator (14). As a result, in the first action of

térhgeretngy gynigAav.ien othd Jowep dingit IdfnthﬁDﬁlﬁ)wztbﬂEe terip&aniagd range, and the
cold storage tenperature can be pronptly and surely

nixdmgint tempéragee Tmakhiee. dihs upper HmeinperadfUTRerefore, it can be avoided that
Furthernore, since during the second action the

i1t thperesgyosavirigl pparatiorbmodelrthe yntemapped stdragehenipermunshdeviates from
the internal cold storage tenperature reaches the
theoaowdtilaitemperatueaange TBvoenhadedshtht relinhility dfite refrigeration system
subsequent third 5 action the internal cold storage
(Denperature falls below the lower limt.

[0107] Furthermore, in the above embodiment, the cooling capacity of the evaporator
(14) 1s 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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[0108] Furthernore, in the second action, even if the

cooling capacity of the evaporator (14) is increased

by regul ati ng the openi ng of t'He suction proportiona

val ve (35), the operating capacity of the conpressor

(11) does not change. Therefore, in the second acti on,
f .the or.at or

LRI ML T AT Fp—
KB G TRE 5l bR BBl YO g, s s
CLREE TS HORShoRHEd L o DALy cot e
P e L 4Bl 1 2RISR b osquens i
S8 e U bl RIAIAY oo o L

5 L e PR, e 0 351180 of e cvorer
(DR OB B ORI o B el e @9,
PR, BB b5l ORGSO e 0 o acion,

ﬂH} %051%64: 'ggﬁegc ‘5;' 8 e %'Q%{HII&H (14 Olazp]beFH{cf%%m%ou{ Increasing the

e en avli ng oper on node 1 n the above

ogéﬁfaﬁﬂ'g 'B%Wer dfte c%glc;fr@sfssﬂ ?ﬁ'j.aﬁleﬂ&, %Hékﬁgpgg aalingSpfHrmance of the

o-call’ed [earning control 0Of correcting the maxi num

rdEIgP&tidh E{rﬁerﬁ!ﬂ’%cﬁa% fuftBerBnRbiBem t enperature Tmn

based on the internal cold storage tenperature.

(0109 ef PhherinBe:, iR MV e ERbIiSIRT, 3B Ik GARSHAL16)8s @Aen, during the
be avoided fromfalling below the m ninmmtenperature

tHiFd Bctndat 4 Pvag réthaygl &?@edrmaﬂ M ing @EWREah secohd@Xtions. Therefore,
whereby the internal cold storage tenperature can be

dgHhe e Qi stgidnf ﬂh@fqudﬂt‘iftb/aifihwt dwingn t8 Arivive @ff theadibefor the internal
tenperature range also in the energy saving operation

fDAS) chieBe feduté® Heneéd,i tAd peridd/oftthe tHigl dctionivgerl Aieiintarnal cold storage
system (1) can be further enhanced. 101111

tdrapdramremeachesithe haimbnienperbmek Tenk aftehticrssop af the compressor (11)
transition fromnormal to 34 energy saving operation

caih be lecttdndedrefles @xtends thesstopting penetl obHimedfahe chmpressor (11) and in
suction tenperature (RT) of the air in the cold

tandnube dpbhmnes thd angrgysavingpetfoenawe|dftiye tefageration system (1).
exchanger (14). Then, the normal operation is )

(@00} i nbethemmord, in te engegyl savingeonseatinunedeRn the abeye embodiment, the
W thin the desired tenperature range. In this case, )

refigeration i systemepBeaoyt a8 seicalled deasning meatrek of eowictingethe maximum
air in the cold storage before being cooled by the

terppiratyge Mewx and the minimum temperature 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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exchanger (14) and, therefore, a tenperature close to
the actual internal cold storage tenperature.
Therefore, if whether a transi¥ion fromnormal to
energy saving operation should be made or not is
determ ned based on the suction tenperature RT, the

S A 3%#%;1%3}4 (n)aésréﬁh%n the suction
et (el gt SRR B ofihirlorit ot na
< EHABBF LY i, il CPESAT DI PR L g gﬁ%ﬁ {emperature RT
R SSHEE Rt e "t BBt M opprpuore RT is o
SRR, o BRcyE B 1 o8 UTBG, P T SEbIRE | B s Cooling heat
FORERE el BB TP e 1y " ot o
GrpGhbFrsiele of SeRtR %ﬁ%@@gf’&"ﬁ‘emowﬁ (Y Wi operetion
SHO80 B¥ 32 RGERB A S B85 5 RubL FRRIeH B AL R refigration

ergy saving

g%gﬁiegagrrﬁake ?%an? Vigg% tl?ef egéﬁfsé\rll\ﬁé gﬁgraf) Im Elggrsn é)ﬁomgay brings the

resso be re provi

SR L0V bR e b e e
il S S A o
vt ﬁlfb\ifé"th\é‘?é%% {Tlﬁgng PP Opeg forrh an? Soge?arﬁoﬁ %ﬁ?%j%eat importance

the quantity eat erate I nterna

oﬁlﬁaqlﬁaﬁnﬂ;gﬁé{gﬁ@é&gdgrlw ng the internal fan (16) at a
| ow Speed. However, in the third action, the interna

[here) (16 tﬁeaumblehm{duid e ABAL driBEBbent, HHER U (GRS Biken in one cycle of
since no heat is liberated fromthe fan motor of the

eh&g@rfading38perht@dh (sl 8hor@H thai0 tHeh relibiefiHindg tseOfimel i @ansition to the
actively restrains tenperature increase in the cold

neidlageraion 18 Guidaatichily ehade! In0ftherlWord] oY e abbee embodiment, when
stopping period of tine of the conpressor (11) can be

thaunthber @xéreofiaimesnwill thb cehdpeesson @1y dufifg desSerehgy RONES operation is
consunption of the refrlgeratlon system (1). In

largeliat traositiontfeorn peergy smdng oparatiaf totvemahderaiin i§ aadé. I Merefore, the
is also 5 reduced by a quantity of power corresponding

nimbeh ef pev/ofidtimes tafnthe deomprgssohi (dh) e be reduced, which provides an

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 Eberated from the fan motor of the internal
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internal fan (16) is deactivated during the third.
action. This further enhances the energy saving
performance of the refrigerati3én system (1). [0115] In
t he energy saving operation node in the above

enbodi nent, the cooling capacity of the evaporator

ng the second action

f%glf?ﬁﬁ)@wgrr@gt%g% ir%@kﬁ%eﬁﬁif%%é{ﬁ F§U8ns tHBPYARE giprease in the cold
SRaRRoh 2R kB! S uebToRsite o erbied 85550 4 compresor
i3 isres Sirater vafepae ounen e s dbe Aot Copsipgion of the
S O e T SR B Bher et S e Sl 16 s i

rnal cold stora

rBrbEPY A 9 P Gy T SR He RG5! R iyring which the
RERAE i hef et el oo o THECRTRP. Thisciapf ByEnces te eneray
s BRpEp et PR POt e mabha St on and the

(R0 2B betgy slyhe SherdisRadCls dRALE Bt ribgdiment e cooling
c%tcfrg %?ltl}eﬁé{{aﬁ??‘?‘(}ggg@?@ tgtﬁagirlrlglﬁ{ }ar}&lflerag cij HIEIIII{] ht{a r.J:QCOSH%C %@gn by stepwise

aCctl on | ermna

oARER SR L B PSOHE ASTRSFLALS. SIGRES e cooin
YT 4ok 0 2 5Rhy S16,SBTBEGERRpg e oenng o
t&%ﬁ@fi@ﬁé%g&i‘o}l)al Ll }_@\%&ﬁbf%ib@ e&i%teﬁim&rtﬁg sttaﬂtoggﬁe second action

above I ment. ver, also In I'S case,

oi(qui_g)ﬁtPiI ¥n@ét zﬂﬁ?ﬂgt A4k fnthiffuln leRhefure MBninHa8E & thel Bfected value of

during the third action can be reduced by driving

tHeliGtelnitl @b Ritdtorh @1 elrRiat@b sendopwer 25 rotational speed
than during the first action, thereby reducing the

[0A6E OFurtiREMERS th 1he bRy shiihglopetatioR nfbdetiAtBE8bove embodiment, the
tenperature during the Fhlrd action. Hence, also in

niibinsurf 8&Rperhtite THtORRBEL thehiatr@d cofd :ItJ)rﬁEe fimpebfure is once lowered to
conpressor (11) can be extended, whereby the energy of

theh@idmunt ehigegiRtToh durbigaht cdjondaitibe afd iadediypresdr (11) is then
power reduction of the conpressor (11). [0117]

steppeédh dHovatver, tharcdrpressoe (Y mSavbagopplr with@n loweltng the internal cold
t he above enbodi nent, the opening of the suction

storageoeimperaalre \dalivg t48Sgcoad attien. dndthf caséethe ahindidction is terminated
action is maintained wuntil the end of the third

wheh itbe inermal coldhgosigateémpdratune réaches frant thenset Hempareture TS to the
during the third 5 action, the opening of the suction

mpxopenttempetiatore Nrex (a86) thewiopbef the xemptessa (11). Therefore, the stopping
pr edet er m ned

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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openi ng i ndependent of the opening at the end of the
second action or nmay be regulated, for exanple,
according to the internal coléﬁstorage t enper at ure.
(0118] Furthernore, in the energy saving operation
node in the above enbodi nent, the suction

SRR e L bl S e e %a%fl&%ewyrea%ﬂr an,
[‘hﬂg] 2? g%g;e Sqﬁ‘;ﬁ t’@g%vl\/elf\é%{ﬂgg(%ng%ég%# méﬁgﬂ%@@/ e%godxment the

anS| on

oS! in%??@ﬂ?{h?@?%ﬂaw Yorad oriee 58 obpe B Gty s maiained
“{lﬂeth(si% & Bl e th SR PAREH PR oty dpEpE the third
il R SRR aRRr P vobs (BaTay kR (PR ogredciemined
opetiod bioehidsdf of ?&ffopsétﬁm%‘é‘ Fart BB R B Eabip 6°Rey B regulated
fclggeggﬁ%gget HE e 08 el ol IS S hcatgpace af ter

anger (14) is

Ctlﬁﬂm‘gﬁﬁn{)&e nPha%"X% %yé%glq f'ﬁ[ilgflsfﬁcl;]ds th T.f1§ %ove Qrgbodimcnt the

ehperatur

ISR PUERS, . LOTIE A, LR, LRAMPLIO Buting e coon
f[ﬁ@irt)g Bf %Vé‘;}%?th&r @h? Qﬂ?\l%yér 28e QSO]E%g%pﬁJ ﬁ? of %Waf)orator (14) can

enperature OV\EF t € ‘suct|

bé ? a{t@& Ul eg%n fkﬁ{) aﬁn% the LBESing H¥Ghe telﬂ&:tlrohm ansion valve

anS|t|on enefgy saving operatio

u]bsstreaﬁidc)ﬁﬁg @Gap%%atspm%le&gmatlhgﬁmaﬁ y&tyemg@bfsmp;essolrn

ot her words, 'in this” case, ene savi ng

[@99{ atfhRthelBofed ik I1BE 286 \é’i'rfbﬁdﬁ‘né?it g%Etth QOYSNGYor! B3 normal to
he above embodi ment. Therefore, the refrigeration

ey} @8Ving) opdtatidi Shéa8 CheC athdees! AbMAARPAIMRE Piled on the suction
placing greater 25 inportance on energy saving
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advanced as compared to the above embodiment. In other words, in this case, the energy
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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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(11). [01211 The above enbodi nents are nerely
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[Caim?2] The refrigeration systemof claiml1, wherein
the capacity regul ator (35) nprises a flow regul at or
val ve, connected in the ref erant circuit (10), for
regul ati ng the anount of flow of refrigerant to be
sucked into the conpressor (11), and the
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configured to nake the opeaDiAPI®f the flow regul ator
val ve | arger to increase the cooling capacity of the
cool ing heat exchanger (14) [Aaim3] The

[Cia[ fy 5 Idggzzta%ol%ﬂlﬁs% o%ng ?Iem m% J%r%% V}?ler\{,g 'rynt dﬁlljrrcl ‘E?(i@g}“ which a
comp@smﬂdlhgnd 2 qoghag hﬁﬁeexelhmgﬁ (iﬁ)efqg‘e@@hdg 4be imerior of a cold

storag®! aafueoﬁllecu@ the'rk %Eifa%h osgséxﬁbﬁépaaf.%g}r.] ;Eg,gigergﬂéﬁ *&gaxe by

|nc UIn errpera re rrect ral sin
circulfgng f@ﬁéﬂmfﬂt shrouginthe refaigerant eireit (103 wheseigr age

t e”ﬂﬁrr@ﬁ'igéﬁmoﬁ%thmtfﬁhM 1hnflﬁdés]?d/\@d abitmégumaéﬂ g) f&}Q‘eguiatmg
rd action refr ti.on
the coplinpapaciy, T HECoPLRE Bt FRERENEE AL t UHeE thEghieaiE) o storage
temp&aﬂmtbardeknm«btbmpgratlhe anﬂper limt when the internal
col &e%&?xﬁgg?iio? é?@%rlggﬁﬁf%éé Fod)ggér)ﬁaae é}ﬁegn%?é)yegavmg operation

during acti
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[C]aIW%r eint '8?15?'?8 og'ﬂa?@nf MREHB i nel udes a
capbe Eapacity geglﬂator (39 opmipases 2 flowategniptor valve, connected in the
refrigerant circuit (10), for regulating the amount of flow of refrigerant to be sucked into

the compressor (11), and
the refrigeration system during the second action is configured to make the

opening of the flow regulator valve larger to increase the cooling capacity of the cooling
heat exchanger (14). ‘

[Claim 3] The refrigeration system of claim 2, wherein during the third action
the opening of the flow regulator valve is held as it is at the end of the second action.
[Claim 4] The refrigeration system of claim 1, further including a temperature
correction means for raising the lower limit when the internal cold storage temperature
falls below the lower limit during the third action.

[Claim 5] The refrigeration system of claim I, further including a temperature
correction means for lowering the upper limit when the internal cold storage
temperature rises above the upper limit during the first action.



the cooling capacity of the cooling heat exchanger
(14) to bring the internal cold storage tenperature
to a desired tenperature and 3% internal fan (16),
contained in the cold storage, for feeding air to the
cool i ng heat exchanger (14), the refrigeration system
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sto;ﬁbfattﬁt‘cdrﬁpieﬁor \Wrigi the second action, the compressor (11) 1s 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.
[Claim 9] The refrigeration system of any one of claims 1 to 8, wherein

the refrigeratidn system is configured to be capable of performing a normal
operation of continuously driving the compressor (11) while regulating the cooling
capacity of the cooling heat exchanger with the capacity regulator (35),

the refrigeration system further includes a suction temperature sensor (RS) for
detecting the temperature of air in the cold storage to be fed to the cooling heat
exchanger (14), and

the refrigeration system is further configured to ‘switch from the normal
operation to the energy saving operation when during the normal operation the detected
témperature of the suction temperature sensor (RS) falls within a predetermined



the refrigeration systemis configured to be capable
of performng a nornmal operatjon of continuously
driving the conpressor (11) | e regul ating the
cooling capacity of the cooling heat exchanger (14)
with the capacity regulator (35), the refrigeration
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[Claim 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 (11) exceeds a predetermined

number of times.



