- 1 - COOLI NG APPARATUS BACKGROUND OF THE | NVENTI ON 5 The present
invention relates to a cooling apparatus equipped with a refrigerant
circuit which includes a conpressor capable of controlling a speed of
rotation and uses carbon dioxide as-alrefrigerant. In a conventional

cool ing apparatus of such a kind, 10 e.g.,.a showase installed at a
store, arefrigerant <circuit is constituted by sequentially connecting a
conpressor, a gas cool er (condenser) and expansion valve neans (capillary

tube or the |like) which constitaterd: xergensisng unit and an evapor at or
installed on a showase 15 main body side through a pipe in an annul ar
shape. A refrigerant gas conpressed by the conpressor to becone high in

tenperatuggcggﬁogﬁ§3@yr@HtsIﬁﬁﬁﬁﬁﬁﬁ@ed to the gas cooler. Heat is radiated

fromthe T _ cooler, and then the refrigerant gas

is dbrected byThherPdsexpansvont vat viee teelars t® becdeding dwee svapor at or .

The _refrigerant evaporates_t here, and. absorbs heat, fromits surroundi ngs
rihl ﬂ%

to exhi bi TTARRST i K- ihctT Dt 9% HE ebyt Coot & HEHARET T space to be

cool ed) ofohhee SHOMCASSat Be Tof SEErJBPANESE eNto ApRd i Latd PmA@i d- Open
No. 11-257830). 25 For the conpressor, a speed of rotation is normally
cont r ol | egEDet GREPCE fhvesde sheetl ik lo9iaHest speed by. a control devi ce.

That 1S anen o STRAALM Sl L% hATRE(. Ol LIS SQuGASe [aaehes an
upper limt, the contro evice star urns he conpréessor. Then,
t hel@ont rolg deva cehSQ-xont 1od tsa ldl sspeed ofstratagt inrafridwe aonpressor within

a range of preset Iomest,and(ﬂhg?est speeds based on outputs fromvarious
sensors for-s ect’ P B tEperhtt &G He 2 et rGYEteaitindnfen the
tenper at W Fedder champey Qolde (condenser) and expansion valve

~means (capillary tube or the like) which constitute a
condensing unit and an evaporator installed on a showcase

15 main body side through a pipe in an annular shape. A
refrigerant gas compressed by the Compressor to become high
in temperature and pressure is discharged to the gas
coocler. Heat is radiated from the refrigerant gas at the
gas coocler, and then the refrigerant gas is directed by the

-+ 20 expansion valve means to be fed to the evaporator. The
refrigerant evaporates there, and absorbs heat from its
surroundings to exhibit a cooling function, thereby cooling
the chamber (space to be cooled) of the showcase {e.g., see
Japanese Patent Application Laid-Open No. 11-257830).

25 For the compressor, .a speed of rotation is normally
~controlled between a lowest speed and a highest speed by a
control device. That is, when a temperature in the chamber
of the showcase reaches an upper limit, the control device
starts (turns ON) the compressor. Then, the control device

30 controls a speed of rotation of the compressor within a
‘range of preset lowest and highest speeds based on outputs
from various sensors for detecting a temperature of the

refrigerant. When the temperature in the chamber of the



2 showcase drops to a lower |imt, the conpressor is stopped (turned
OFF). Accordingly, a predeterm ned tenperature is nmaintained in the
chanber of the showcase. Incidentally, in order to solve a problem of ozone
5 layer destruction, a proposal has.recently been nade to use carbon
dioxide as a refrigerant in the cooling apparatus of the described ki nd.
In the case of using the carbon dioxide as the refrigerant in the cooling

appar at uSPOWRRS SEORS oy ds¥iean lidtiito BECoRETPFEAFORi ¢i¥, SEREPEA10
.tenperaIngﬁﬂNédIa%qunp@§§%gbg%?3 ,fa??Qe@eE%QRﬁkghuE%g%%r i 8f Glsgerant

gas discharged into the refrige t circurt becone hi nsequently, it
is diffi einttadneist dinn the désinbed edolthrg sébficaisency. Efforts have
t herefore bee&nhagp t o i,nprave a coolin ncy %t t he evaporat or

15 effici
by raising a speé e@Fa}&tapPSnor T € %8&8Fe§§8fokgeﬁn8 e&%€"&n arount of
a r&frigangelr deisteulatieon, B Phepuehll gasarkcentey beed #ROSI R 8Be
internal heat exchanger to exchange heat between a refrigerant of a high
pr essur e S§T@OTaRd OF idef pisger vl réfeaans Howtpeessgléngi appasapascodl ing the
refrigerapt ofctnepliloh; Jpressire sl de.ar Jtha libke, sHoweyer, 1f the carbon
dioxide is useg as the ‘refrigerant, the high préssure side of the
refriger@dibxicdir esi theayeliedgreastipencrihki cabliggnapguently, pressure 25 of
the high side is not determ,nate dye go an outsi de ?ir tenperature, design

pressur e "GP SY ey Pc EOTETERE e 42 tASpBEFAINES HETFhBIPPneaBF &tarting or a

hi glp out skdpeahturkesperabutempardshbheresks rashgan ekngdaragg Loskhg device
in the worst case. Thus, the conpressor has conventionally 30 been

control | 88frégaranghese dpeetiastedotatpohhienrefdégerantpreévenitsuch high
pressurepabpaenBl L ese genseauent! Vi o qifficult to obtain a

desired cooling efficiency.
Efforts have therefore been made to improve a cooling

15 efficiency at the evaporator by raising a speed of rotation

of the compressor to increase an amount of a refrigerant

circulated in the refrigerant circuit, disposing an

internal heat exchanger to exchange heat between a

refrigerant of a high pressure side and a refrigerant of a
20 low pressure side, supercooling the refrigerant of the high

pressure side or the like.

However, if the carbon dioxide is used as the
refrigerant, the high pressure side of the refrigerant
circuit may become supercritical. Consequently, pressure

25 of the high side is not determinate due to an outside air
temperature, design pressure of a device is exceeded
especially at the time of starting or a high outside air
temperaturé, and there is a fear of damage to the device in
the worst case. Thus, the compressor has conventionally

30 been controlled to a highest speed of rotation in order to
prevent such high pressure abnormalities, consequently

creating a problem of a reduced cooling efficiency.



creating a problemof a reduced cooling efficiency. 3 SUMVARY OF THE

| NVENTI ON Exanpl e enbodi nents nmay provide a cooling apparatus which can

i nprove a cooling efficiency while preventing an abnormal increase in
pressure of a high side. In accordance with a first aspect of the present
invention, there is provided a cooling apparatus conprising: a refrigerant
circuit which includes a conpressor_capable of controlling a speed of
rotation, and uses carbon dioxide as a refrigerant; a control device

whi ch controls a speed of rotation of the conpressor between predeterm ned
| owest and hi ghest speeds; SAMMARY COBofBH sHatNTB®ENSor capabl e of detecting
a cool ed state$of 2 agaﬁe to be cool ed b% an evaporator included in the
refrigerant citetiR® whBPEAATERES c 8t oPFOBYiR e 3 NCPRASRE APPRIGHESt speed
of rotatiwnieh the ceppsressar coblangt efpecabre ahitbepeaokad;ispass
detected by the cooled state sensor is _|ow.  The cooling apparatus may
further cOMPPTBRL A FiReSicddn BFeSFBRPePhat firtl Fensisie whi ch detects an
outside air taiperRid@nceherein the fonkr ol sdevice,f nohpases Lhg, hi ghest
speed of rotation of the conpressor when the outside air tenperature

det ect ed byvemel @ut si désgier fenpepacuidedensor i®diigly amgpreedtces t he

hi ghest s §%g . of rotatio 1 npr r..when. the outside air

t enper at u?e i slﬁolonvé' Exénplr}eecgerﬁé%%iangnt sg%gél)mitnprg\k}écgl cojbrfcfﬂllgdeesffi &i ency

at an evaponatarsonhidapgirieyent | agntarp dhingy nal speaed easerbBatpoesSHrE of a
hi gh side of a cogling qugiatus. 3a Lp,accordqnce with a second aspect of
t he prese&ﬁes carbon “dioxide as a refrigerant; a control device

- which controls a speed of rotation of the compressor

between predetermined lowest and highest speeds; and a
cooled state sensor capable of detecting a cooled state of
a space to be cooled by an evaporator included in the
refrigerant circuit, wherein the control device increases a
highest speed of rotation of the compressor if a
temperature of the cooled space detected by the cooled
state sensor is low.

The ccoling épparatus may further comprise an outside
air temperature sensor which detects an outside air
temperature, wherein the control device increases the
highest speed of rotation of the compressor when the
ocutside air temperature detected by the outside air
temperature sensor is high, and reduces the highest speed
df rotation of the compressor when the outside air
temperature is low.

Example embodiments may improve a cooling efficiency
at an evaporator while preventing an abnormal increase in

pressure of a high side of a cooling apparatus.



invention, there is provided a cooling apparatus conprising: a refrigerant
circuit which includes a conpressor capable of controlling a speed of
rotation, and uses a carbon dioxide refrigerant; a control device which
controls a speed of rotation of the conpressor; and a cooled state sensor
capabl e of detecting a cooled state of a space to be cooled by an
evaporator included in the refrigera L circuit, wherein the control device
sets a target evaporation tenperaturé”of the refrigerant at the

evapor at or based on a tenperature of the cool ed space detected by the

cool ed state sensor, and controls the speed of rotation of the conpressor
so as to set an'ePSOFERP6R YErperat BFEORT 4599 r Pher'dit 8488F 0 t he
target evapeneié®n tempaiatune at otheig¥@porat oreodh inthe cephiak,devi ce
may set the target evaporation tenperature of the refrigerant at the
evapor at of TR BS1R®] at Pon BFLbdergi¥ gheiraslt he whdgper atglardsts t ha cool ed

space i s jj e e.te fot ol.ed de ted b
tﬁe coolegbs a%%gging%ggbf e9%0%§§%ﬁsggﬁﬁiean§§e§§tE?héoﬁgﬁgg?’e%ggoratign

t enper at unees naa caglbani ahl cofi deei mef singddanitn  changet tdier deficahivbich

[ iLn_ the t f-th | ed | [ f
2 hi oh { cogRr AT o Yor SPRRTCt clOLRRERD dth ecvsd B ERES Lo ed S afe.

sensor, ancbled getdte changer thesiend whi ebtacchipani esoveghangeei pet he
tenperature of the cooled space in a region of a | ow tenperature of the
cool ed spacéPffe E%ol‘%gcﬁﬁgﬁﬁaﬁﬁé ARy FUARHATWonpRrseded ddtstbBe air

t enper at Ur&r SQRSon tWhicghcdet ectghaie QUt $inde abht rbEMELALLY esplergin the
control device corrects the target evaporation tenperature to be hi gh when
t he out sitRrggly evaporation temperature of the refrigerant at the
evaporator based on a temperature of the cooled space
detected by the cooled state sensor, and controls the speed
of rotation of the compressor so as to set an evaporation

temperature of the refrigerant equal to the target

evaporation temperature‘at the evaporator.



tenperature detected by the outside air tenperature sensor is high. 5 The
control device may correct the target evaporation tenperature in the
region of the high tenperature of the cooled space detected by the cool ed
state sensor based on the outside air tenperature. BRI EF DESCRI PTI ON OF
THE DRAWNGS FIG 1 is a refrigerant circuit diagramof a cooling

apparatus according to the present inyention; FIG 2 is a view show ng
changes in a speed of rotation of a Conpressor, pressure of a high side, a
tenperature in the chanber of a refrigerator main body, and an evaporation
tenperature of a refrigerant in the cooling apparatus of the invention;
Fig. 3 is a flowhart showi ng rotational speed control of the conpressor
by a control dgui ceoRfrdNe LRAlddNImagPPatat usOf chhgeknvepiiomefG 4 is a
vi ew showi ng changes in a speed of ~fotation of the conpressor and pressure
of the hitgRPSratuge ¢he thae reffrivaranhg; afFl Ghes jeyagovprewrshowi g a

rel ation S calr_t tuyr hi t. speed 0O

rotati onrgggpﬁgﬂ %gnpq#ge@ o%%%&%%eggggﬁgngegggggg G g’?et hee i%c\)/ocejlnC{on; FI G
6 is a vepacshows ngigheel dtased behweene a teapget tuevapof athen d¢esper at ur e
and a te ratyre i e chanber at ach outside air tenperature in the
~cool i ng gg%g?a ﬁgegfe&{]%)é gﬁ%e%‘?qloﬁﬂ S%r?%eFlséns?ri's a vi ew showi ng a change
in tenperaturehén cémersharkerncel Whe cooti nhaappakgbis &fapdeaidmention.

DETAI LED, DESCRI PTI ON, OF THE PREFERRED ENMBCDI MENT Next, the preferred
enbodinEﬁFmB?r?F%r%régeﬁtrElatlon of being small in change thereof

which accompanies a change in the temperature of the cooled

- space in a region of a high temperature of the cooled space
detected by the cooled state sensor, and large in change
thereof which accompanies a change in the temperature of
the cooled space in a region of a low temperature of the
cooled space.

The cooling apparatus may further comprise an outside
air temperature sensor which detects an outside air
temperature, wherein the control device corrects the target
evaporation temperature to be high when the outside air
temperature detected by thé outside air temperature sensor

is high.



invention will be described in detail with reference to the 6 acconpanying
drawi ngs. A cooling apparatus 110 of FIG 1 conprises a condensing unit
100 and a refrigerator main body 105 whi ch becones a cool er mai n body. The
cooling apparatus 110 of the enmbodinent is, e.g., a showase 5 installed
at a store. Thus, the refrigerator main body 105 is constituted of an

adi abatic wall of a showcase. The condensing unit 100 conprises a
conpressor 10, a gas cooler (condenser) 40, a capillary tube 58 etc., and
is connected through a pipe to an evaperator 92 of a 10 refrigerator main
body 105 (described later). The conpressor 10, the gas cooler 40 and the
capill ary tub&h®s8 cadnstli tdgwel e pregdeterresiedthef Ehgeeankevapbbedtiohoget her

with the r. 9 t is, arefrjgerant. dischar t ube 24 of the 15
conpress&%a%g%%gbggnﬁé%tg gtge %OPMég %#Etﬁégﬁa§9ﬂ§ﬁ%§%uqﬁ1°€bFﬁ?
accor di ngad echesravrsodigtentted Hey cohpr essdedlGtate asanddrd shaged (dmo

stages) GOPILL3S;AA gxgetéﬂggﬁ%%uﬁgnpressor of an internal internediate

pressure type which uses c oxide (C2) as a refrigerant. The
conpressor 20 10 conprises an electric element disposed as a driving

element in a seal ed coptAiNPhCAYLTIBABY. 1ARGDRARBIc@Nd second rotary

conpression el enents | ‘ _ . _ he electric el enment.
In the drawi ndiCa ref¥ef enc&chuprapnp0cdenptés ddag2sny afff j geraniing

i ntroductiopRrhube 508Pr&S8E HYehdGAddtt iMRRiY HQMPr ession el ement of
the conpressor 10 to discharge the refrigerant to the outside fromthe

seal ed contafhEr f#rstSarfd VREH t ShPHERSdUEanIRs r ey i Ger &AEeHntof the
second r@bakyicANPELSH Ot Rp®RBLr, Ongrendupt the 30 nelyhi ggrant 4
IntrOduc%é%ge%gggrgoikStggngggéggiegfmgtgegrigerator main bod and
Y
an evaporation temperature of a refrigerant in the cooling
apparatus of the invention;

Fig. 3 is a flowchart showing rotational speed control
of the compressor by a control device of the cooling
apparatus of the invention;

FIG. 4 1is a view showing changes in a speed of

- rotation of the compressor and pressure of the high side at
the time of starting;

FIG. 5 is a view showing a relation between an outside
air temperature and a highest speed of rotation of the
compressor in the cooling apparatus of the invention;

FIG. 6 is a view showing a relation between a target
evaporation temperature and a temperature in the chamber at
each outside air temperature in the cooling apparatus of
the invention; and

FIG. 7 is a view showing a change in temperature in

the chamber of the cooling apparatus of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Next, the preferred embodiment of the present

invention will be described in detail with reference to the



cylinder (not shown) of the second rotary conpression elenent. The ot her
end of the refrigerant introduction tube 20 is conmunicated through an
intermediate cooling 7 circuit 35 disposed in the gas cool er 40 (descri bed
later) wth the inside of the sealedgantainer. In the drawing, a
reference nuneral 22 denotes a refrigerant introduction tube for
introducing the 5 refrigerant into a cylinder (not shown) of the first
rotary CORFESIVIR I CERHNIS t Be COSHPNEs dpParetuend 18ngfof Ifhel

refriger%ﬁ%mhqgk%d%pkkﬂ@eh%g%gs%nﬁ%.ﬂ%@ngﬁhcgt?gf$ﬁégr%@gr gykjnder (not

shown) of the first rotary corpression elenent. other end of the
refri ger &ody AtdodhdtchobbetOregbe 22olsercomnecbedyt.o @he endlidhga strai ner

56. The _strainer captures and filters foreign objects such as dusts or
chi ps ni?@@%ﬁ?qgsriﬁpiﬁgrghF g Ogﬁpgﬁﬁaﬂéd Fn9thed FEPWFGE?ant circuit,

and gonpliinges 1akdopeNang thekmed ran st he heot-Beti gRdasbdenkhar sefiyangsa filter
(not shown) of a 15 roughly conical shape tapered fromthe opehing toward
one endisi genshdtased PHe agpediiagasict Welli pér ai shewgased in a state of

bei ng bonded a_refrigeran ip 8 nne d_t h her .end of the
otrainer 6. ANT EronaT iy o natrer By eP AR e R PaublEs8blaine ™ a0
refriger gas popéetor consehaegindot ha cepiigergntubenpeessed, bydthe second

rotary co res?ign ﬁlene t to,the gas cooler 40. The gas cool er 40
conpr i se§CRFEFPAGEFEATIPI PePARE 5° RBafVERERERGFng4f PR @i sposed

heafo- exchangegbl-MtbR hBen2Bob§f ibgenantpiped The-Lefriggrant pipe 24 is
comuni cated "and connected t0 an inlet side of the refrigerant pipe of
the gas €6BPEEs80r AR, othei desarpolenpélatndetbensepi¥lary tdbspbSed as a

tenpératgggs§§gﬁgg 5np%QSe%é%mgggéeEe%giggrant circuit together
with the evaporator 92.
That is, a refrigerant discharge tube 24 of the
15 compressor 10 is connected to an inlet of the gas cooler
40. Here, according to the embodiment, the compressor 10
is a multistage (two stages) compression type rotary
compressor of an internal intermediate pressure type which
uses carbon dicxide (CO;) as a refrigerant. The compressor
20 © 10 comprises an electric element disposed as a driving
element in a sealed container (not shown), and first and
second rotary compression elements (lst and 2nd stages)
driven by the electric element.
In the drawing, a reference numeral 20 denctes a
25 refrigerant introduction tube compressed by the first
rotary compression element of the compressor 10 to
discharge the refrigerant to the outside from the sealed
container first and then to introduce the refrigerant into
the second rotary compression element. One end of the
30 refrigerant introduction tube 20 is communicated with a
cylinder (not shown) of the second rotary compression
element. The other end of the refrigerant introduction

tube 20 is communicated through an intermediate cooling




detect an outside air tenperature. The outside air 30 tenperature sensor 74
is connected to a mcroconputer 80 (described later) as a control device
of the condensing wunit 100. 8- A refrigerant pipe 26 connected to an
outlet side of the refrigerant pipe_which constitutes the gas cool er 40
passes through an internal heat exchanger 50. The internal heat exchanger

50 heat-exchanges a refrigerant of a high 5 pressure side fromthe second
rotary c&%@‘% &5 dismosed vl dhei gagi sopaeged Of rleeschiabgas leserer 40 with

a refrigar n f%§1 RILLSUr € %ﬁ%ﬁ @gh%glh%rdlscharged from the

evapor at or s osed inthe refrigerator main 'body 105. The refrigerant
pi pe 26 of thdnhm@@ [Elress thoe sldeféaena&sadmbhamugm deaoiteiseranal heat
exchanger 50 1S passed, through a strainer 54 simlar to the above to reach

the caplSEryerahe 38 tE9NTtdoPahePen fREanEtreAECRg 6P%a refrigerant pipe

94 & thedmfigemnat ahtd i _HGAW10310s @ﬁbﬁﬁiaekytﬁ%nﬁgeg%drbea&ee
refrigerant 15 pipe 26 of thé condensing unit by a swage | ocking joint

as conneCONBF SHSa98. SNSIIWE od, thhecpﬁpregepanﬂoplp@n28e@dnnéct@e to the

ot her en th rain 56.1.s_det connected_to the rigerant
pi pe 94 %e% E%aé'loc§|ﬁducgﬁﬁp ggg 22e¥?|88m§8nﬁ53% PaskFo t he
above mhngrhm@leprass@d tshbaughotfhebel fiesfakohaal embaeggﬁoﬁo to be

attached to the other end of the refrigerant pipe 94 of the refrigerator

mai n bod§1eT68t - ThdheePithger 8RE 8fsEhar gefriperaati aApryadschighscharge 25

tenper at y,8Sepsqk Zgnﬂbéﬁgaegotgngegﬁatog Begp 255565%f arpel € i gerant
gas di scharged fronlthe conpr essor , pressure switch 72

di sposedstoadetactéprepsuresofintthéilters forelgn objects such as
dusts or chips mixed in a refrigerant gas circulated in the
refrigerant circuit, and comprises an opening formed on the
other end side thereof and a filter (not shown) of a

15 roughly conical shape tapered from the opening toward one
end side thereof. The opening of the filer is mounted in a
state of being bonded to a refrigerant pipe 28 connected to
the other end of the strainer 56.

Additicnally, the refrigerant discharge tube 24 is a

20 refrigerant pipe for discharging the refrigerant compressed
by the second rotary compression element to the gas cooler
40.

The gas cocler 40 comprises a refrigerant pipe and a
heat exchanging fin disposed heat-exchangeably in the

25 refrigerant pipe. The refrigerant pipe 24 is communicated
and connected to an inlet side of the refrigerant pipe of
the gas cooler 40. An outside air temperature sensor 74 is
disposed as a temperature sensor in the gas cooler 40 to
detect an outside air temperature. The outside air

30 temperature sensor 74 is connected to a microcomputer 80
{described later) as a control device of the condensing

unit 100.



refrigerant gas. These conponents are connected to the m croconputer 80.
30 The refrigerant pipe 26 out of the capillary tube 58 includes a
refrigerant tenperature sensor 76 disposed to detect a tenperature of a
refrigerant out of the capillary tubeg 58. This conponent is also connected
to the 9 mcroconputer 80. Further, on the inlet side of the internal

heat exchanger 50 of the refrigerant pipe 28, a return tenperature sensor

78 is di sposed tf¢ideearrd Plerpelaranasstechéar ey iogdrai sdge of the
evapor at Qi 9 %eqffri%etr%%tr fi?j)'eg%rh%tc?lr SRR R04% 109, OB}AIRS Joph i Jhenperat ure

sensor 78 is also connected to the m croconputer refrerence nuneral OF
denot es @dsaesf ahreenti By tihtergad tealterxébangeal 50C00IThiet inAeraher ence

nuneral 92F, denotes a fan for circulating a chill heat-exchanged with 10
t he evangﬁng a@ﬁ?ﬁbé@dhﬁﬁtéeﬁﬁ n@ﬁ@t%sﬁﬁﬁﬁPgﬁﬁaPﬁeOfréfPP@@rator mai n

bodys 105 pireyseire Whigeh fromd t3RAGR AN ot6Y edryelhe avaneraher 92. A
reference nuneral 65 denotes a current sensor for detecting an energi zi ng

current #&hidhe igl déschergedmimemothehgasorpréssornt01@itd 85 control runni ng.
The fan current,_sensor. _65 are . connected t.o _the m crqoconputer 80
S it o R EretRe e IR, ot et BaoEg 288nt r ol

of the con ng unit

devi ce 9@he( denpoirbedrl aver) spbsthie inethegeedt-ogeiaibrbadynl®sddyHere, the
nicrOcongg%er Sg IS control device for. 20 controlling the condensing unit
100. SigndP-li R8s FROM-EREATG] BeRSr & PénpBrabipt BERSSHTTOS1fRe high

Pregsur epawiskah th ey hh@h@uﬁﬁkggnéhrhéggpg%@hgh§e§e@§0357éa thg refrigerant
t enperat ure sensor 78, the return tenperature sénsor 78, £he current
sensor 65hraupbnpeséraisesehdopinhlabmetohahberb25e9to( deachi bbd | ater)

diSposedcggiiﬁgr§e£&£geggtgg Q%iQXBQQXion means.

One end of a refrigerant pipe 94 of the refrigerator

main body 105 is detachably connected to the refrigerant
15 pipe 26 of the condensing unit 100 by a swage locking joint
as connection means.

Meanwhile, the refrigerant pipe 28 connected to the
other end of the strainer 56 is detachably connected to the
refrigerant pipe 94 by a swage locking joint as connection

20 means similar to the above which is passed through the
internal heat exchanger 50 to be attached to the other end
of the refrigerant pipe 94 of the refrigerator main body
105.

The refrigerant discharge tube 24 includes a discharge

25 temperature sensor 70 disposed to detect.a temperature of a
-refrigerant gas discharged from the compressor 10, and a
high pressure switch 72 disposed to detect pressure of the
refrigerant gas. These components are connected to the
‘microcomputer 80.

30 The refrigerant pipe 26 out of the capillary tube 58

| includes a refrigerant temperature sensor 76 disposed to
detect a temperature of a refrigerant out of the capillary

tube 58. This component is also connected to the



105, and the control device 90 as control neans of the refrigerator main
body 105 are connected to an input of the mcroconputer 80. Based on these
i nputs, the mcroconputer 80 controls a speed of rotation of the
conpressor 10 30 connected to an output _by an inverter substrate (not

shown, connected to the output to the m croconputer 80), and controls
runni ng of the fan 40F. 10 The control device 90 of the refrigerator main
body 10B4HFOCOHES tee S0enpéiathed  senséhe antkE ehdebef 8he di sposed to

detect the,Leapar e e Ghambek. (A, Lemperature £ontrob dial di sposed
enp a ) o

to control the t erature-in the chanber, unctii Fsposed to stop
the conmpeessor téhpetratuBasednaprt N8sesodtippbsedt he centrael a device 90
controls the fan 92F, and sends an ON OFF signal through the signal |ine

to the mtEFBESASULESr °80t8F FREF1IG6REBRSPHEG Qhi Lhe06VaROTAECENE?r BFr i ger ant

of the ceoll RgrapBRLALLBS hiln bBEy abereneRtioned,car peppdi-axide (C02)
which is a natural” refrigerant iS used in consideration of friendliness to

a gl obakeasgirr dimaAt aleentasnebitkit §o tbri wityoepwmpudsroBP. which is
Al Kyl benzene B FoEBFRGE Contegeter 051 HeBpteRofy ARRy foRe "B yebP FPRA) i s
used. Theasetbogerator tohtirbedy1105.i saceastirbdtednoheanl adirabatic wal l
as a whole, and a chanher as a space to be cooled is constituted in the
adi abat i R8PS Fhé2BuéPTi S156Upatinei snebitlohrehecsrbabErdi Hithe
et Pl Bhereygeocatibatd BicalBec ot aEroReERrR] T Lhe
shape, andfaifanatnot mghowhpdfolOhetheegthanpiol. iBothspads bb bhe
refrigerégglg&pgygéhgrgvaporator 92. A reference numeral 65
denotes a current sensor for detecting an energizing
current of the electric element of the compressor 10 to
15 | control running. The fan 40F and the current sensor 65 are
connected to the micreocomputer 80 of the condensing unit
100, while the fan 92F is connected to a control device 90
(described later) of the refrigerator main body 105.
Here, the microcomputer 80 is a control device for
20 controlling the condensing unit 100. Signal lines from the
discharge temperature sensor 70, the high pressure switch
‘72, the outside air temperature sensor 74, the refrigerant
temperature sensor 76, the return temperature sensor 78,
the current sensor 65, a temperature sensor in the chamber
25 91 (described later) disposed in the refrigerator main body
105, and the control device 90 as control means of the
refrigerator main body 105 are connected to an input of the
microcomputer 80. Based on these inputs, the microcomputer
80 contrecls a speed of rotation of the compressor 10
30 connected to an cutput by an inverter substrate (not shown,

connected to the output to the microcomputer 80), and

controls running of the fan 40F.



25 detachably connected to the refrigerant pipes 26, 28 of the condensing
unit 100 by the swage | ocking joint (not shown) as described above. Next,
description will be made of an operation of the cooling apparatus 110 of
the invention constituted in the 30 fgregoing manner with reference to
FIGS. 2to 7. FIG 2 is a view show ng changes in a speed of rotation of
the conpressor 10, pressure of a high side, tenperature in the chanber of
the refrigeratd® menrIeddPerdse 3Rdodv &psr aeifsaderatoanpaiat bedyof t he

ref 1l ger ans 1ihdiiecavapr aa) e%%gblEIe(Gf)en okstiﬁoghgg%nga%euﬁhgw ng a control

operation of t m cr oconputer tar ressor control 5 Wen
a start slispoledhat slkawc)l dhepasegeratiilre inefthiegehatmberpaan body 105 is

turned ON or a power socke of .the refrigerator main body 105 is connected
to a powsrPEIAIEEE 58%3F0ﬁ5d§8&p 188°E6% he ﬁPBFEB&nﬁE?er 80 (step Si  of

FIG5 3) tempriretulrBl inakhsethbRgek) 8t @Rns2io0h04kBpbReqd! bt kabpsehti ng, the
inverter substrate is initialized to start a program Upon the start of
the pro§caRreERerniler 6E6npuBarcd0oneslieseapdpatbunthioaendrod const ant

froma R?gi. step ln_the_r [ fromith ROM o S3, rotational
speed in or%%?igﬁ 8§§gfogﬁaggg %ggh?gﬁésgngpggadgfapobg?bgﬁ S%GPﬁg
conpr essahrbdfighantieasipananetaee tdesaei hedrbabtephtaecessaryther cal cul ating
a highest speed of rotaébgn (step S13 of FIG 3) are read. After

conpl et i GAPGFIERBIr BRAENGOPromthe ROMin step S3 of FIG 3, the

m gpocomput erAgotﬁéo‘f:@?g§gE?aﬁEer%héocoggiﬁﬁagp?§9§eﬁsi pigrmppLon of the
di scharge tenperature senSor 70, the outside air tenperature sensor 74, the

refri ger afiprerenpépracdr easbnsodidBidehéCPet urni clenperatnatsisehsor 78 or

refrigerant is used in consideration of friendliness to a
global environment, combustibility, toxicity etc. As oil
which is lubricating oil, for example, existing o0il such as

15 mineral oil, alkylbenzene oil, ether oil, ester oil or
polyalkylene glycol (PGA) is used.

The refrigerator main body 105 is constituted of an
adiabatic wall as a whole, and a chamber as a space to be
cocled is constituted in the adiabatic wall. The duct is

20 _partitioned from the chamber in the adiabatic wall. The
evaporator 92 and the fan 92F are arranged in the duct.
The evaporator 92 comprises the refrigerant pipe 94 of a
meandering shape, and a fan (not shown) for heat-
exchanging. Both ends of the refrigerant pipe 94 are

25 detachably connected to the refrigerant pipes 26, 28 of the
condensing unit 100 by the swage locking joint (not shown)
as described abkove. |

Next, description will be made of an operation of the
ceceling apparatus 110 of the invention constituted in the

30 foregoing manner with reference to FIGS. 2 to 7. FIG. 2 is
a view showing changes in a speed of rotation of the
compressor 10, pressure of a high side, temperature in the

chamber of the refrigerator main body 105, and evaporation



the like, and a control signal of the pressure switch 72, the inverter or
the like. Next, the m croconputer 80 25 enters abnornmality determ nation of
step S5. In step S5, the microconputer 80 determines turning OV OFF of the
pressure switch 72, a tenperature detegcted by each sensor, a current
abnormality or the like. Here, if an abnormality is discovered in each
sensor or a current 30 value, or if the pressure switch 72 is OFF, the

m cr oconp BB WroSdedda deftrdgesanito i he gvappsasedr fned FLED (| anp

for notifyi;ng A 1068HHEN ; hnarngl ity)..+dnd §topgerunni ng of the
conpressorj10 at the F’lz%%O%?Pﬁgao? ﬁtg Fun inSF ?nc?geﬁﬁglly, t he
pr essur e mwirtcctonigit ege®des an abnormal i ncrease of the pressure of the high

side. The swt i.s turned OFF when pressure of the refrigerant passed
i GEAa o 1

through the ré SOHEF§ECIbECE 38 becomes, e.g., 13.5 MPaG or

hi ghger, and t wneed ONtagal Bwivken hbe Bhessyrgikegeqrdsif- shiPaG or |ower.
Thus, upon notification of the abnormality occurrence in step S6, the

m cr oconFelér 98 agrands iy body a05piedéransdn@l oirne, pandrt Rerkest urns to
O or o FREC e rrdebR 8! ALINPRLLONSHORE: BLNAD AN LA ObORE NS, ]

no abnormal ity is récogni zed I'n efature detect e edch sensor,

t he curr entleal upower tibe supleiedndoi thehaipressupatew 80h (#2epSSON in step
S5, the m_croco ter 80 progeeds to step S7,to enter 15 defrosting
deternin&Figﬁ (gg cPpERLFAL ePYEFlpdr 82FANY 1Re8HPoSdefrost the evapor at or

92 4gs determ radinkhen;WhghocaRpYLEr 8AcPrAcEedst QuBLEP,B8 tQ Stop the
running of the conpressor 10, and repeats the operation fromstep S4 to

step S9 dnttiadémpHetpontettt hepdetiramti ngrps dbeestaneédof20hen step S9.

program, the microcomputer 80 reads various functions or a
constant from a ROM in step S3. In the reading from the
ROM of step S3, rotational speed information other than a

15 highest speed of rotation of the compressor 10, and a
parameter (described later) necessary for calculating a
highest speed of rotation (step S13 of FIG. 3} are read.

After completion of the reading from the ROM in step

53 of FIG. 3, the microcomputer 80 proceeds to step S4 to

20 read sensor information of the discharge temperature sensor
70, the outside air temperature sensor 74, the refrigerant
temperature sensor 76, the return temperature sensor 78 or
the like, and a control signal of the pressure switch 72,
the inverter or the like. Next, the microcomputer 80

25 enters abnormality determination of step S5.

In step 385, the microcomputer 80 determines turning

ON/OFF of the pressure switch 72, a temperature detected by
each sensor, a current abnormality or the like. Here, if
an abnormality is discovered in each sensor or a current

30 value, or if the pressure switch 72 is OFF, the
microcomputer 80 proceeds to step 86 to light a
predetermined LED (lamp for notifying an occurrence of an

abnormality), and stops running of the compressor 10 at the



On the other hand, if no need to defrost the evaporator 92 is determ ned
in step S7, or if defrosting conpletion is determned in step S9, the

m croconputer 80 proceeds to step S10 to calculate rotational speed
holding 25 time of the conpressor 10;2(2) Rotational speed hol ding control
of conpressor start Here, the rotational speed holding of the conpressor
10 means runni ng thereof while the m croconputer 80 holds a 30 speed of
rot ati on Pdfert &S Fureisst sposddsntediati shef pregsyrederdigndd time at

the tinme of, star i%%no?%%ﬁfﬁﬁcrggge %&C%%%Og&%%%ﬁréop%ekﬁﬁg§gg%get speed of

rotation wwthin a range of a highest 'speed of rotation obtained in
- 13 calsdgleat i Gheofswa thihghesturakat OoRalvhepe ed ealustepfSte (descri bed

| at er) duri normal runni ng. and | owest speed of rotation read
beforehaﬁﬁf&ﬁggfég%s§aﬁéeﬁu%hfﬁgg%cGﬁﬁr§§§6%gf6?nﬂtdﬁﬁéh@FHE &8t arti ng,

hOMENer,ZMh%e@omk%EO%QgP?t@B.§0M@3bd%rahiaﬁ%@JOEnHOEﬁEh%@ bawegatihan the
| owest rotational spee or a predetermnéd tine before the | owest
rot at i on&hegpébg PsepesEReleromedn 9 heMMEsfprasdoretd (state of (1) of FIG

2). For exanp i f 2st rotational,speed read.trom_ 10 the ROMin
step 93 of Franug, uRER hBEETL Rl Bh' 887k aRhEB LBl il ot aE PSR (25 e
accor di ndnt stepe sépbotdemantyoeguplhtetroBboneantisany96%rot 30 Hz for a

predeterninﬁd tinme ta‘run the conpressor 10. The above state will be
descri beB*FASGELEFPedi FAMe153PEf ERERCESTFBLRFGECAStEP BhetRi &EBEBNPUt er 80

stapts EHBNLAGrehehBeoROAPHEESQE 140, at 30 Hz which is a |owest speed of
rotation without holding a speed of rotation |ower than the |owest

rotational speadtherobhpredendy niifiedot Bhpormality is recognized in

the temperature detected by each sensor, the current value
or the like, and if the pressure switch 72 is ON in step
S5, the microcomputer 80 proceeds to step S7 to enter

15 defrosting determination (described later). Here, if a
need to defrost the evaporator 92 is determined, the
microcomputer 80 proceeds to step S8 to stop the running of
the compressor 10, and repeats the operation from step $4
to step S9 until completion of the defrosting is determined

20 in step S9.

On the other hand, if no need to defrost the
evaporatoer 92 is determined in step 87, or if defrosting
completion is determined in step S9, the microcomputer 80
proceeds to step S10 to calculate rotational speed holding

25  time of the compressor 10.

(2) Rotational speed holding control of compressor
start

Here, the rotatiocnal speed holding of the compressor
10 means running therecf while the microcomputer 80 holds a

- 30 speed of rotation lower than a lowest speed of rotation for
a predetermined time at the time of starting. That is, the

microcomputer 80 sets a target speed of rotation within a

range of a highest speed of rotation {MaxHz) obtained in



different fromthe conventional case, pressure of a high 20 side suddenly
increases at the tine of starting as indicated by a broken line of FIG 4,
and there is a fear that design pressure (limt of wthstand pressure) of
the device, the pipe or the like dispgsed in the refrigerant circuit may
be exceeded in a worst case. Assumng that a 25 | owest speed of rotation is
preset to 30 Hz or lower to run the conpressor 10, if the rotational speed
i s | ower &4 L5eHEW1080 ofz adBidiohg stugeitagiongér ersedupd &tppobilém of a

consi der ghl.e JN¢Leasg +ipyNQ r yvihrati e e [ t npr essor
10. 30 FgmgVeF, i t%ge%Qngggn uPéFE§g ?gﬁggﬁﬁegggn%rgggg%t %gegg hol di ng
t he speedfofrotatabnome@dsbkfpriebward tthastebeS3l awestinr ahati onal speed for a

predeterm ned tine E forﬁ thﬁ rotati qnal speed of the co essor 10
reaches §°TRTe5P8det 8r mi fld tr6t AtMEnalt SHBEGLEE t REYFVRE  of &t arting as

i ndiscat eghibyoaomglidrl Boenefl dkl & speelt oifSrBeaskiBhe 1bQerPERYBNELAN abnor ma
increase in the pressure of the high side. 5 Additionally, since the

rot ati ondPwsgéedonatépnailogpechelfow 30rKedatrngnednhiing, befors pbssible to
Suppress e%el BLS%; 8haY! BLaLLODST LAMLEDGE EQTRLESPRL 1o FULLAST 1ot he
at'i ona d ecrded t

hol ding time of the o speed TS Cl based on gs?gnperature
in the chhanbher of the 2@ FeGrigerator main body 105 which is a tenperature

of the space _to be co&led ?y evaporator 92 in step S10. That is,

. p
according to fRE EXBUBILRentl FhealPerper 2PLREIPRALhEPSEHaRBRF §EPBCted by

theot enperat Hb@ $8NSLERI B3t Be ¢hanmber +Ad ﬁ%c@o&@ﬁhﬁ@e%tgbehéﬁa§oé I's equal
to/l ower than +20C, 15 the m croconputer 80 runs the conpressor 10 by
hol di ng Bpsedrofarpbaaliospéadd He 25ceidfng, te. ghe 8Obsdimenhhdetheh
to/lower than 90% of 30 Hz for a predetermined time to run
the compressor 10.
The above state will be described in detail with
16 reference to FIG. 4. If the microcomputer 80 starts
running of the compressor 10 at 30 Hz which is a lowest
speed of rotation without holding a speed of rotation lower
than the lowest rotational speed for a predetermined time
different from the conventional case, pressure of a high
20 side suddenly increases at the time of starting as
indicated by a broken line of FIG. 4, and there is a fear
that design pressure (limit of withstand pressure) of the
device, the pipe or the like disposed in the refrigerant
circuit may be exceeded in a worst case. Assuming that a
25 Lowest speed of rotation is preset to 30 Hz or lower to run
the compressor 10, i1f the rotatiocnal speed is lowered below
30 Hz during running, there occurs a problem of a
considerable increase in noise or vibration generated from
the compreséor 1C.
30 However, if the microcomputer 80 runs the compressor
10 by holding the speed of rotation (25 Hz) lower than the
lowest rotational speed for a predetermined time before the

. rotational speed of the compressor 10 reaches a



i ncreases the rotational speed to the |owest rotational speed (30 Hz)
(state of (2) in FIG 3). In other words, if the tenperature in the
chanber of the refrigerator main 20 body 105 is equal to/lower than +20C, a
tenperature is low in the evaporatorijgand there are many refrigerants.
Thus, even without setting a holding tinme so |long, an abnormal increase
in the pressure of the high side can be prevented to shorten the hol ding
tine. AcEGrdStGERingichotiat jonais spessh Bltethe talfsPar starkéngabsr ot ati onal
speed contral n hinghest: .and st 4rotat i.anal s.wthin a

short tiE%Tﬂfﬁgggﬁgﬁ%%rso#qt ZHP%fgFggﬁgfo#’n%?nlgoggs%ggggcgglbe qui ckly
cool ed. Prevehdr en iabniogmpdssnplreatse pnevéaet parsabmer pil tB@ hhghease in the
pressure qf. the high side while suppressing a reduction in a cooling
efficieny S the refrigerator rmain body 105 as much as possible. 15 On

t he st her handddiik ibhe 1t§yperatdr e hkn rbhacsbanbesodat aetad Byophe
tenperature sensor in the chanber 91 is higher tﬁan +20C, the

m cr oconpetler 80 HansurAadcerpréssor 1t10sbpoReibilagtit Suppeedsobvest ation
at 25 FEn%gge;%rs%qbra§&%ﬂdF&gﬁntb@CEgﬁgggsgg% gpeed of rotation to the
UL the T enper

| owest rotational spee ure in"the chanber of the
refrigerator Harmheadyth@5hoddinghetimthai +R@Cro8astiaheli speutstable in the

refrigerant .cycle and the Eressure of the, high side is easily increased.
In other%ﬁﬁ?gég RSERe P0G GFRGSEPABIPs B0t EBCcChaBPEESEFi BBE above, the

holigi ng rhicReqebaihe Rratat 'beagl 18BeRAiLA §90.ShefbtatArEVERt tAR abnor nal
increase in the pressure of the high side. Thus, by extending the hol ding

time to $Pamgento be reopedshbbl eveporstrel §2piavenept BéCabnBhatl isncrease of
the high,BLEsavhg +3 $hdCenBBY1hOnBeCYEC2L8LARLELHONE N0 REA e
chamber detected by the temperature sensor in the chamber
91 as a cooled state sensor is equal to/lower than +20°C,
15 the microcomputer 80 runs the compressor 10 by holding its
rotational speed at 25 Hz for, e.g., 30 sec., and then
increases the rotational speed to the lowest rotational
speed (30 Hz) (state of (2) in FIG. 3). 1In other words, if

the temperature in the chamber of the refrigerator main

20 body 105 is equal to/lower than +20°C, a temperature is low
in the evaporator, and there are many refrigerants. Thus,
even without setting a holding time so long, an abnormal
increase in the pressure of the high side can be prevented
to shorten the helding time. Accordingly, since it is

25 possible to transfer to normal rotational speed control
based on highest and lowest rotational speeds within a
short time, the chamber of the refrigerator main body 105
can be quickly cooled.

Therefore, it is possible to prevent an abnormal

30 increase in the pressure of the high side while suppressing

a reduction in a cooling efficiency in the refrigerator

main body 105 as much as possible.



Therefore, after the start of the conpressor, the mcroconputer 80 runs it
by holding the rotational speed at 25 Hz for the predetermned tinme before
the lowest rotational speed is reached, and properly changes the 20

hol ding time based on the tenperaturejgn_the chanber of the refrigerator
mai n body 105, whereby the abnormal increase in the pressure of the high
side can be effectively prevented, and reliability and performance of the
cool i ng appar@it (el 26 hean hsad, npfode. t2BpAfBgurehénr ¢hat cbaabegpeed

hol di ng %%%%%%%&jﬁi é%?@%%&%%r %%Fj§e§%5 uh%t%ggg%ﬁg%bgg quigenperature

in the In-'stée I escri above, fhe

i cr ocompitgdie 8@ htrart®other saMRL 880bmARtER 56 €Push i the TEERpr&HE-F UNNI NG
time thus far is conpared with the 30 holding tine calculated in step 510.

I f the rudihibyg holednd dém shreest axft rotatthencetplésser 100 L6 skorter than
t he z hol di i .cal cul ated,in _step 510 he .proces roceed to step
5 QHQ?t%eg?l%creases %hgosggﬁ P%erf%a%éggr ﬁeﬁpgogggegiarting tinme

512." Her e, 't he T crocomputer

Hz of 25 ridtaequalalt @paelar getf thet akimpeabtspeednoththenefrpressornhd0, and
proceeds to step 520. Subsequently, 1n step 520, the conpressor 10 is run
at a rot aeifeigerspesdmefin2dody BYSt he hhgbetrethsubstPiTe asstateeberi bed

| at er.. That %g upan start ,of the electri ment of the ressor 10

) |
BPERRAE GRed PFor S FoAEF 2CheGaCLE gt FRGoPARE SPECSAEKBAC nto ¢ he

at the af'ére
first rohagy eedpresscarilel erertaebdihergorpressprdl,t @rbensonpressed,
and then 10 discharged into the seal ed container. The refrigerant gas

di sfhar gB@LAANE thRBSsésl 88 E6At aPrRefesptébsdt RBowes r ther BALAiNgt r oducti on

tube 20, apd geepnauLoeL:tBRaOUBLEESIS L80! Bnokkoto! BEGvERE LAtermediate

cooling circuit
abnormal increase in the pressure of the high side. Thus,

by extending the holding time to 10 min., it is possible to
surely prevent the abnormal increase of the high pressure

15 side, and to secure a stable running state.

Therefore, after the start of the compressor, the
microcomputer 80 runs it by holding the rotational speed at
25 Hz for the predetermined time before the lowest
rotational speed is reached, and properly changes the

20 holding time based on the temperature in the chamber of the
refrigerator main body 105, whereby the abnormal increase
in the pressure of the high side can be effectively
prevented, and reliability and performance of the cooling
apparatus 110 can be improved.

25 After the rotational speed holding time of the
compressor 10 is calculated based on the temperature in the
chamber in step S10 of FIG. 3 as described above, the
microcomputer 80 starts the compressor 10 in step S11.
Then, the running time thus far is compared with the

30 holding time calculated in step S10. If the running time
from the start of the compressor 10 is shorter than the
holding time calculated in step 510, the process proceeds

to step S12. Here, the microcomputer 80 sets the



internediate cooling circuit 35 radiates heat by an air 15 cooling system
whi | e passing through the gas cool er 40. Accordingly, since the
refrigerant sucked into the second rotary conpression el enent can be
cooled, a tenperature increase can-bggsuppressed in the sealed container,
and conpression efficiency of the second rotary 20 conpression el enent can
be inproved. Moreqver, it is possible to suppress a tenperature increase
of the rYEFEEHOTEShSItELSdd %Dy 1i5e Hee@8nd Oor Brarugdnpredsitanged enent t o

be di schaidia; oHian.dhe caoled Lehibhagkan! 1625 ol LALRIRd! ahe or23
pressure i s sucked into the secon otary conpressi on €l ément 0 he
conpr essai201.0, Ssunsicentead 1y danprepsiSeéA , othet hempeesndrstl@gea st aubecone a

refrigerant _gas_ of .hi ressure . and a_hi temperature,  and di scharged
hrougn e PR ISR S SResinrods dobvu s ERECoREE: qubSRyat: 6530 L) e,
t he g ef riggerantbaaag abeen conpressed to proper supercritical pressure. The

refrigerant gas discharged fromthe refrigerant discharge tube 24 flows
into the gas T&6& éB 40Pohadi atasthedt thRerdeAtbyCt Réeaentcodl thg system

17 and thep.Rasses hRLAUGR! Beolakendbnfalexehander spd.q Heat of the
refrigerant “is renoved by the re rlgeranp of “ " the Tow pressure side there
to be furklfer gesahédisBecausd ahtbhehpr ésepeerotatrhecbonpeesakoheat

exchangerl 5 52, %hﬁ heat of the rifri er ant discharged out of the gas
cool er 461E8Pas& Tt FPGUGA™PRESPRE et Hal Chiegt CeRPRSR§EF, 587 As thPBroved by t he

refioi ger ankcahrike EﬁWop'EﬁéSHégliihd@onéﬁﬁinekhusl“ﬁesHQEE??QEBHQ dggr ee of
the refrigerant becones |arger by a corresponding anount. As a'result, the

cool i ng 9@sehpirgpenéytof thhesevapdr apotadrecannbersnphevedfrigerestri ger ant
gas of t@ﬁt?bgﬁcgﬁgﬁsgﬁgesbgg 888'89es out of the compressor 10 to

flow into the intermediate cooling circuit 35. The
intermediate cooling circuit 35 radiates heat by an air

15 cooling system while passing through the gas cooler 40.

Accordingly, since the refrigerant sucked into the

second rotary compression element can be cooled, a
temperature increase can be suppressed in the sealed
container, and compression efficiency of the second rotary

20 compression element can be improved. Moreover, it is
possible to suppress a temperature increase of the
refrigerant compressed by the second rotary compression
element to be discharged.

Then, the cooled refrigerant gas of intermediate

25 pressure is sucked into the second rotary compression
element of the compresscr 10, subjected to compression of
the second stage to become a refrigerant gas of high
pressure and a high temperature, and discharged through the
refrigerant discharge tube 24 to the outside. By this

30 time, the refrigerant has been compressed to proper
supercritical pressure. The refrigerant gas discharged
from the refrigerant discharge tube 24 flows into the gas

cooler 40, radiates heat therein by the air cooling system,



by the internal heat exchanger 50 is passed through the strainer 54 to
reach the capillary tube 58. The pressure of the refrigerant is lowered in
the capillary tube 58, and 15 t hen passed through the swage | ocking joint
(not shown) to flowfromthe refrigefant pipe 94 of the refrigerator main
body 105 into the evaporator 92. The refrigerant evaporates there, and
sucks heat fromsurrounding air to exhibit a cooling function, thereby
cool i ng ERE Eharbersers2@hrheghethiegdniesnagahgabodyrchosgesubdequent |y, the

refriger fl u : vapor 2,..p es. _fr refrigerant
pi pe 94 %%%3u8%wﬁpﬁe&§%%§égﬁggﬁi%% f%#%&e ngy gﬁ%m%fffggé% gF ? e
refrigerahe popep2éselireheidendansiengoubkt fh@@heandor@adhes 25 the internal

heat exchanger 50. Heat iz renoved fromthe ,refrigerant of the high
pressure si deBERBMES 2hd tPRePIREFRFLGePant s 186 8Eledorls §XRBANERY

opersati ong, Hepe, nthe o@ekggg%E@@gg@¥a99ra&%@haxgbeeoa%ae@r%herg%% to becone

low in tenperature, and dischargéd therefromis not conpletely 30 in a gas

state butcphes 4Pate phBsbeichgonpkethei thtarhkrduhdat Howbwegert h is
refrigerant S .pass t hrough the internal , heat exchanger, 50_tqg be

neat - oxcRIGEaRPYh hRe TPor AgEP Rt CEof PN R BheRrBursCer d@ and ¢ hus
the refripasaat supet8ooheayedeghbeachoiit @kfirhigsrbhiBbetbckefrigerant is
secured for a degree of superheat to becone_a gas conpletely. Accordingly,
since t héaFEFFi §&r anfOBLESBPRERBIS2BOHBEr at BF §2768H be SUFeFPO§ABESI ed,

W Hoout dispastRgyads BREUBYLBLOLLBE bPCcLhKBeOBmbAB LAY pressure side, it
is possible to surely preven Iquid backing in rch aliquid
refrigerant i%hsuckédigarenthegasonprebsohidb, pandsarpr ebbencootedamage

gi ven tob§hghgogg£g§ggi %Qa?yekéﬁghgego rggskggéed through the

strainer 54 to reach the capillary tube 58. The pressure
of the refrigerant is lowered in the capillary tube 58, and

15 then passed through the swage locking joint (not shown) to
flow from the refrigerant pipe 94 of the refrigerator main
bedy 105 into the evaporator 92. The refrigerant
evaporates there, and sucks heat from surrounding air to
exhibit a cooling function, thereby cooling the chamber of

20 the refrigérator main body 105.

Subsequentliy, the refrigerant flows out of the
evaporator 92, passes from the refrigerant pipe 94 through
the swage locking joint (not shown) to enter the
refrigerant pipe 26 of the condensing unit 100, and reaches

25 the internal heat exchanger 50. Heat is removed from the
refrigerant of the high pressure side there, and the
refrigerant is subjected to a heating operaticon. Here, the
refrigerant evaporated by the evaporator 92 to become low
in temperature, and discharged therefrom is not completely

30 in a gas state but in a state of being mixed with a liquid.
However, the refrigerant is passed through the internal
heat exchanger 50 to be heat-exchanged with the refrigerant

of the high pressure side, and thus the refrigerant is



10 Therefore, it is possible to inprove reliability of the cooling
apparatus 110. Incidentally, the refrigerant heated by the internal heat
exchanger 50 repeats a cycle of being passed through the strainer 56 to be
sucked fromthe refrigerant 15 introdugtion tube 22 into the first rotary
conpression elenment of the conpressor 10. (3) Control of change in highest
speed of rotation of conpressor based on outside air tenperature Wen tine
passes fHGatSe sfdr 8 Podat wd ﬁ@ﬁﬁlﬁ@m@nnéhGZ@eﬁﬁageﬁaﬂtrééches t he

hol di N9 eftR %) GUhatedidld) ! 82 Fhdedhealtl G %egemgt 8Pgasl . the

m croconputer 80 increas s “the ational conpressor 10 to
t he | owestomprlettatliyonal speed (30 Hz) (state of (2) in FIG 3). Then, the

m croconput er _80 prqceeds fr.om st p 810 to step S13 t calculate a
hi ghest speed 269 89 i&h F&Eﬁﬁzf §rlﬁF§ﬁ8 0P5t8$l6§§ speed is

cal @ul at e&apasad oen 92n caut %’ed%ur@'lg tg@@&%&aaur eu%b@@t eqsgxsstlh% Qyt si de air
tenperature sensor 74. That is e m croconputer | oners the highest 30

r ot at i ondiccyipadater Pﬁet@@néﬁé§s@ﬁ i@elﬂOWhﬁréﬁﬁgréeSader tiénper at ure
detect ed 74.
etecte g%%s&%%eo%gs ﬂ?e EEEPE%raH#quﬁéeﬁggklpgl IS Feﬁpg%gkggreases

t he hi ghés ot ati onal ereo 8 alr eis
| ow. Therbifghest-ah® 1BOTsablkeﬂa|1nSbeedel sompreskatedow thtnaapiapgemof

preset %per and lower |limt values (respectively 45 Hz and 30 Hz
accor di n§*t G3PRECeABSER MRt FPEs CORBRASFRTFILE P8, 1TANSD RPERESFSEBRat i onal

spegd i sThaweredel Nid hb”ﬁé%siH@@t%8”%&p§oGE“E§51§B§@1EP ofutgLde air

tenperature i ncreases, and increased in the same mannef when t he outsi de
air tenﬁépé@ngeaﬁeareagesléé shown in FIG 5.

Incidentally, the refrigerant heated by the internal
heat exchanger 50 repeats a cycle of being passed through
the strainer 56 to be sucked from the refrigerant

15 _introduction tube 22 into the first rotary compression
element of the compressor 10.

(3) Control of change in highest speed of rotation of
compressor based on outside air temperature

When time passes from the start, and the running time

20 thus far reaches the holding time calculated in step S10 of
FIG. 3 in step S11, the microcomputer 80 increases the
rotational speed of the compressor 10 to the lowest
rotational speed (30 Hz) (state of (2) in FIG. 3}). Then,

the microcomputer 80 proceeds from step S10 to step S13 to

25 calculate a highest speed of rotation {(MaxHz). This
highest rotational speed is calculated based on an outside
air temperature detected by the outside air temperature
sensor 74.

That is, the microcomputer 80 lowers the highest

30 rotatiocnal speed of the compressor 10 if the outside air
temperature detected by the outside air temperature sensor
74 is high, and increases the highest rotational speed

thereof if the outside air temperature is low. The highest



If the outside air tenperature is high, a tenperature of the refrigerant
circulated in the refrigerant circuit 10 becones high to cause an easy
abnormal increase in the pressure of the high side. Thus, by setting the
hi ghest speed of rotation low, it Lsjpossible to prevent the abnorma
increase in the pressure of the high side as much as possible. On the
other hand, if the outside air 15 tenperature is low, the tenperature of
the refrikfdrdnionadi spgiest d¢ ioa Liovd atetdr wgdhdmt acirpagiet oifsPreweto make an

abnor mal _jncr ifricyl:t .i.n r f. i=g ide~~Thus, it is
possiblel¥gﬁ§§?§§hg0%%§hg§ lgpg% %§ q?%%??Fg%V%?3h25z zT%ége SrQ% since a
target speetrafincottat ithre eteschimeed) kLat ehpwhbedan®sceqsal tTakikower than the

hi ghest raqtational A speed, by setting the highest rotatiagnal speed to a
val ue i et &R tABHErRe S%ﬁ@rdeé%%i%’eéfﬁfjf i%é‘ulat Lineppe LpResdtrel of the

hi g5 si desarinfer SHROSTHR! Sule@ 18kl aGt velycpLeveRt 1hRee33.abNgHARI increase
in the pressure of the high side. (4) Target evaporation tenperature
control dncreggesr anorthaf semet henhieghebens pbed cot sideatiion i s decided in

step Sl f FI s descri bed abave, .th i cr.oconputer 80 30 proceeds to
step 814%F%m§§P§EF§tgenggﬁﬁgtagvg SVQt%Sn%IgE érature Teva. The

m croconput er 180 theesatsidet aigetempeapdnaki 08 heaper at uegpetkathee
refrigerant at the  evaporator 92 based on the tenperature in the chamber
of - 20 9fhéheefFitgdrRESP &R CHOaY e o5 débectedrbyerrett ehperature sensor

I n fghe CRARBREs9hs oRNEoSBhLBIsENENt 38536! ab%g%?”%créagédiw thLn the range
of the highest and”[ owest rotational~ speeds of the conpressor 10 so that
an evapopatisenrs pténpbeahipgk efidehe Fbfisi gbyanetwhinghthashibbeati nto the
speed of rotation low, it is possible to prevent the
abnormal increase in the pressure of the high side as much
as possible. On the other hand, if the outside air
16 temperature is low, the temperature of the refrigerant
circulated in the refrigerant circuit is low to make an
abnormal increase difficult in the pressure of the high
side. Thus, it is possible to set the highest speed of
rotation high.
20 Therefore, since a target speed of rotation (described
later) becomes equal to/lower than the highest rotational
speed, by setting the highest rotational speed to a value
in which an abnormal increase is difficult in the pressure
of the high side, it is possible to effectively prevent the
25 abnormal increase in the pressure of the high side.
(4) Target evaporation temperature control at
evaporator
After the highest speed of rotation is decided in step
S13 of FIG. 3 as described above, the microcomputer 80
30 proceedé to step S14 to calculate a target evaporation
temperature Teva. The microcomputer 80 presets a target
evaporation temperature of the refrigerant at the

evaporator 92 based on the temperature in the chamber of



evaporator 92 can be the target evaporation tenperature, thereby running
the conpressor 10. Then, the m croconputer 80 sets a target evaporation
tenperature of the refrigerant at the evaporator 92 in a 10 relation of
bei ng higher as the tenperature in thggchanber is higher based on the
tenperature in the chanber detected by the tenperature sensor in the
chanmber 91. Cal culation of the target evaporation tenperature Teva in this
case is ﬁﬁﬁwﬁ%§$%ﬁﬁ¢qﬁ@rsﬂ@&ns?QGY1gOﬁhéﬁtﬁ§ﬁeéfbvyahanaemp@réapé@|ated by

Lwo equaidng:Ofin HIR~Brefdy 813 and TUEsTXXO ¢3012 2opelign,nunerica
value is set as a target evaporation tenperature &va. " CI'Rci den ally, in
t he equatspers] wihthdendhes rangenpdr aher @ lghesthendhanbest( antatfionadexes

indicating the cqoled state of 20.the ch er which is a space to be
cool od) | AREEEEed Toy S MEERaar S APnSeoREaE PR ERAPORTIEN 01 and s

den@ es et tule=br (0! Fede igkbkaheMarahuhgl £33knokhabnedeby
subtracting 32ﬁ%deg) froman outside air tenperature Tr detected by the
out si de &VAPCERPEOFatidr €agehsoithP4Lazgek| evaposhbwenchangesatbirehe t ar get

evaporat%%@re% %Bﬁgﬁéﬁt %v?ﬁﬁbrgggg +35C and +41C of the outside air
y [

t enper at ures eteC e outside air tenperature sensor 74 in this
case. As showthen,FltGe Gicaocbapgeernsit bettangetregaperapbeatienperature
Teva set bﬁpthe above 30 equations after a change in the tenperature in the

chanber CFEPERALMTENCL FBGi 6RLSFISTRPGhatehpEr BFEPETRRCEh@ZchBnBer Tx, and

a cfpangereathent 8E98ki8%AR9LALLOR St eARCEBIHERTBYE 24 tAL! Bhafibehanged in
the tenperature in the chambér Tx is large in a region of a [ow
t enper at dfehiighehiebahgaben The tFhperasurehénnibeocbapbeer d8becoedects the

target eﬁﬁpgﬁétkgﬂpg%gQEEétgé%sggvgnh%HQ Eﬁa&ggrogi§id8afgﬁlation
of the target evaporation temperature Teva in this case is
carried out in step S15.

15 That is, of Tya and Tyc calculated by two equations of
Tya=Txx0.35-8.5 and Tyc=Txx0.2-6+z, a smaller numerical
value is set as a target evaporation temperature Teva.
Incidentally, in the equations, Tx denotes a temperature in .
the chamber (one of indexes indicating the cooled state of

20 the chamber which is a space to be cocled) detected by the
temperature sensor in the chamber 91, and z denotes a value
(z=Tr (outside air temperature) -32) obtained by
subtracting 32 (deg) from an outside alr temperature Tr
detected by the outside air femperature sensor 74.

25 FIG. & shows changes in the target evaporation
temperature Teva at +32°C, +35°C and +41°C of the outside
air temperatures Tr detected by the ocutside air temperature
sensor 74 in this case. As shown in FIG. 6, a change in
the target evaporation temperature Teva set by the above

30 equations after a change in the temperature in the chamber
is small in a region of a high temperature in the chamber

Tx, and a change in the target evaporation temperature Teva



5 tenperature Tr detected by the outside air tenperature sensor 74 is

hi gh, and corrects the target evaporation tenperature Teva based on the
outside air tenperature in a region of a high tenperature of the cool ed
space detected by the tenperature sepgor in the chanber 91. Now, the 10
target evaporation tenperature Teva when the outside air tenperature is
+32C i s described. When the tenperature in the chanber is +7C or higher, a
drop i n BHéarempahanged iin thige tehnsivatuire aocshpashedblsy &xrdlati vel y sl ow
reductio i t.he target evapqratio re_T . he 15 :
t enper at ti}raéldlén thé %ﬁ%ﬁg& %i%sgl g\%\)}eqr @teh.g%‘%%%@?:%aﬁ r gé%' ﬁm 8trt g%er ature in
t he chanber i Shaccanpanhedmiyracsmgderr Beduetireatisnthhe thagget evaporation
tenperature Teva. That is, the refrigerant which flows in the refrigerant
circuit %Wépﬁﬁ§ﬁéﬁpet@ﬁp?ﬁétHFéhTﬁgﬁngSPuﬁé thet REteRERbe Ist at e. 20 Thus,

it i pPosshled k@ il @¥enbrakealngMhel BREEasE bt RempBLgesyLe of the high

side by setting the target evaporation tenperature Teva relatively high

I n the | eerserpédatigr 8igh,t hadchambbectst dhe, thlmgest avepooktiibe refri gerant
Thus, by setting

whi ch fl in_the refrigerant, circuit 5.becones st abl e

t he targ§%%§$§8%P§FiEﬁvatgﬁﬁ%?a?ﬂrgH?e9ﬁ%?ég§tF@ﬁl§6W8ﬁFaFH§ecﬁ5nﬁer of the
refrigeratqionif BOHYyghObeppBrheudti ekl yheoebededAspacer @stktrelt 1S
possible to quickly lower the tenperature in the chanber of the

refri ger R¥ofFPRatRNBEEGLEOS FRNEESt 4Rt FRE 3bamlern8lli k¥oust ERedef r osti ng,

andigt 0 MBLBLBLNCdbEAREE BLUL Enp0L 1L LLChES NOHSRC LeEGLD AL 8 pr oper

e
val ue. 22 ter the target evaporation tenperature Teva is cul at ed by

the af or esmpbirenadeeqyatBer; 1dededd EIOLONPULIREN BOhPrasaessat orstap S14 to
conpare a current evaporation tenperature with the target evaporation
the chamber is +7°C or higher, a drop in the temperature in

the chamber is accompanied by a relatively slow reduction

in the target evaporation‘temperature Teva. When the

15 temperature in the chamber is lower than +7°C, a drop in
the temperature in the chamber is accompanied by a sudden
reduction in the target evaporation temperature Teva. That
is, the refrigerant which flows in the refrigerant circuit
is unstable in the high temperature in the chamber state.

20 Thus, it is possible to prevent an abnormal increase in the
pressure of the high side by setting the target evaporaticon
temperature Teva relatively high.

In the low temperature in the chamber state, the state
of the refrigerant which flows in the refrigerant circuit

25 becomes stable. Thus, by setting the target evaporation
temperature Teva relatively low, the chamber of the
refrigerator main body 105 can be guickly cooled. As a
result, it is possible to guickly lower the temperature in
the chamber of the refrigerator main bedy 105 in restarting

30 or the like after defrosting, and to maintain a temperature

of articles housed therein at a proper wvalue.



5 tenperature Teva. If the current evaporation tenperature is |ower than
the target evaporation tenperature Teva, the rotational speed of the
conpressor 10 is decreased in step 516. |If the current evaporation
tenperature is higher than the targegs>evaporation tenperature Teva, the
rotational 10 speed of the conpressor 10 is increased in step S17. Next,
in step 518, the mcroconputer 80 determ nes the range of the highest and
| owest rot at i idesfdeddagastdeyaneritdpn SeareFatine I6vat ilénal speed

i”Crease@kﬁﬁﬁﬁﬁﬁﬁ%ﬁjﬂy”t%%ﬁ%fc@%@m%&i%%%q %axg%&%nrighghe rotational speed

i ncreased/ decreased i'n step thin'the range of the highest
and | owssicnootapudral Sdpeaedseadse trootsdteipo$dld speedmpareets asiraenttar get

rot ati onal spee%” Th% conpr%fsor 1 hi% run By %he i nverter substrate at

t he tar g&t FOEaTORal-EpEsd “ﬁesﬁﬁg GeSIG IS LHEYRPBEF 18Fove. On the

ot hgy hardmplefrattheer @edtal.onals speedurirReieasadodasheas ednr rkeReS16 or S17
is outside the range of the highest and | owest rotational speeds, the

m cr oconpdt ePVew 6%@@eé@§ tersedp STEPOraEkes A¢ipsrasnre2delyasedhen t he

opt i Eor e ona SEERN e R R fe ReaRabe A PRbe ™
rot ati on&ll éspeéds theetarrehe adihpstredivat sbmpeabtspecdsatighkar gébn
Y g

rotationgb sEeed, and runs . the electric elenent of the conpressor 10 at
the 30 t&P§et3r8tht FEARPTEHEER FAMOLERtESE. TeHar ehPferOtefd OPplocess

retqgrns tesheBrSAnkochepeakse¥biedyent nst-eRsed hACkEept ahlby, whgr the
start switch (not shown) disposed in the refrigerator main body 105 is cut

of f, or 28 sSthe PoRer thechérrphemputeirs 8gubeedrndnest theerpower ofl ug, the
energiza&hQ”h?&h%Q% gharﬁgggg%t%Bté%ik%ait%BBESS(EEEEded in step

513 and the rotational speed increased/decreased in step

516 or S817.

15 Here, if the rotational speed increased/decreased in
step S16 or 817 is within the range of the highest and
lowest rotational speeds, the rotational speed is set as a
target rotational speed. The compressor 10 is run by the
inverter substrate at the target rotational speed in step

20 320 as described above.

On the other hand, if the rotaticnal speed
increased/decreased in step S16 or S17 is outside the range
of the highest and lowest rotational speeds, the
microcomputer 80 proceeds to step S19, makes adjustment

25 based on the rotational speed increased/decreased in step
516 or 517 to achieve an optimal rotational speed within
the range of the highest and lowest rotational speeds, sets
the adjusted rotational speed as a target rotational speed,
and runs the electric element of the compressor 10 at the

30 target rotatiocnal speed in step 520. Thereafter, the
process returns to step S4 to repeat subsequent steps.

Incidentally, when the start switch (not shown)

disposed in the refrigerator main body 105 is cut off, or



S21 of FIG 3), and thus the programis finished (step S22). 5 (5)
Defrosting control of evaporator Meanwhile, when the chanber of the
refrigerator main body 105 is sufficiently cooled to | ower the tenperature
in the chanmber to a set lower limt £33C), the control device 90 of the
refrigerator main body 105 sends an OFF signal of 10 the conpressor 10 to
the m croconputer 80. Upon reception of the OFF signal, the m croconputer
80 det er rihfepoaest sockedt thefreedt ilmg pud Ledf pust odg thet BONERAPLEE s of step S7

of FIG I t he rugnin f [essor
and starttgled% %o q’%%ttl% %f:)tg]% }ngé: ng{“%u%er %@ l% %’ﬁ‘e vapg gEBr 92.
After the2dt of efic.hg)gorpressos tbe Wﬂe@rhhlelst eAperakdr € sicept he chanber
of the refrlgerator mai n body 105 reaches a set upper limt (+7C), the

control d&fi'lce 90 of the refrigerator main body 105 sends an ON signal to

t he 20 conpressgr D%Qr%fsttlgg Hoh 269 MRyt @;,aggraltlggn reception of the ON
signal, the mcroconputer 80 determ nes conpletion of defrosting in step

S9, and procedgantbideep wBed &hg chhtbert ofr esameﬁmgemgtoﬁ: mhenconpressor

10 d b b F f L.f the
compr esobP U0 his TBeSHECORLPAIBISry CRe CPorodoh: CUBL SPRPREACPERe  he
L oCOMPMECEENRde! S6TENSR L) o8bal L1 cOChaas) Nohd Nodelopldtice

determ nation of step S7 of 3, proceeds to step S8 to forci
the runniefig 030 tok lrlaérctgasmaessomaiﬁ badg f€Aénsshdst and@FFostLgnglobft he

L0 Bor "o PBspERECPRE S8ama0: £ochilRgBy hAEEAPI5REt 8 ¢ efBERaFOFEPEROtne.
g t a he
Chanber off the orer eegrRUt eEhd0fiddocomputer 80 determines a start
| | of defrosting in defrostihg determination of step S7 of
FIG. 3, proceeds to step S8 to stop the running of the
compressor 10, and starts defrosting (OFF cycle defrosting)
- 15 of the evaporater 92.
After the stop of the compressor 10, when the
temperature in the chamber of the refrigerator main body
105 reaches a set upper limit (+7°C), the control device 90
of the refrigerator main body 105 sends an ON signal to the
20 compressor 10 of the microcomputer 80. Upon reception of
the ON signal, the microcomputer 80 determines completion
of defrosting in step 59, and proceeds to step 810 and
after to resume running of the compressor 10 as described
above.
25 (6) Forcible stop of compressor
Here, i1f the compressor 10 has been continuously run
for a predetermined time, the microcomputer 80 determines a
start of defrosting in defrosting determination of step $7
of FIG. 3, proceeds to step 88 to forcibly stop the running
30 of the compressor 10, and then starts defrosting of the
evaporator 92. Additionally, the continuous running time
of the compressor 10 for stopping the same is changed based

on the temperature in the chamber of the microcomputer 105



detected by the tenperature sensor in the chanber 91. In this case, the

m croconputer 80 sets the continuous running tine of the conpressor 10 for
stopping the sanme shorter as the tenperature in the chanber is lower. 5 A
specific reason is that if the tenpergture in the chanber of the
refrigerator main body 105 is low, e.g., +10C there is a fear of freezing
of articles or the Iike housed in the refrigerator main body 105. Thus,

accor di ngletas &tk BhFdE rempemsrex ampiser il the chapbessdl-10Ins 10

cont i nuolglg 1 d Ofe 30 fiidkocciftidie.! B9 LeARELALULE | LG, Coanher Is +10C
or lower, 1t is possible to prevent a probllemof tTreézing o e'drticles
housed i rtittee adharzercompyrefsmoni HIly fetropiopg itlke thenmiamg theteef. avhen t he

tenperatyre in the chanber of the 15 refrigerator main body 105 reaches the
set uppe%h% ﬁquﬁfﬁ%éfﬁ Pﬁbqﬁﬁhf$@Fiﬁ%VF§e §5S6f the refrigerator main body

105 sends an @GN syeai Ofrh@nCaRPReSE0n F1Q heO tehge rAiaracoppuher 80. Thus,
the m croconputer 80 resunmes running of the conpressor 10 as in the

previ ous cEaswersodp theo red réfgerrGor3naionbrdy d0Red shand, ef ogthe conpressor
10 has beg&orun at a,tenpgraturg iLn the chapber higher than, e, g., +10C,
for a prddét&rnFRgHSt Fied FRETnPEr BEBRPLUESr OBoAEEdpLet het F%%n}hgethereof.

This is beeause inl thie reemiessebrllais Zedconbsnuogsly ryUR-Eef gl ong
time, frosting occurs in thée evaporator 92, and the refrigerant Wwhich
passes t leoligls enocddvapsratfor @2avairet lfetheatomprhangedldi th surroundi ng

i L f f.insyfticient cooli f the chamber .of th
et Ger BPBT AR Bday “FosoTRor “BRana 505 FASpEPRE B miPell 10 i

conti nuoeskipewn 1@t +aob€NPEr 8L, | De {heshanbes of grLange hi gher than
+10C to 20C or lower for 10 hours or nore, or at a tenperature in the

chanber problem of freezing of the articles housed in the chamber
by forcibly stopping the running thereof.
When the temperature in the chamber of the

15 refrigerator main body 105 reaches the set upper limit

(+7°C), the control device 90 of the refrigerator main body

105 sends an ON signal of the compressor 10 to the

microcomputer 80. Thus, the microcomputer 80 resumes

running of the compressor 10 as in the previous case (step
20 S9 of FIG. 3).

On the other hand, if the compressor 10 has been run

at a temperature in the chamber higher than, e.g., +10°C,
for a predetermined time, the microcomputer 80 stops the
running thereof. This i1s because if the compressor 10 is
25 continuously run for a long time, frosting occurs in the
evaporator 922, and the refrigerant which passes through the
evaporator 92 cannot be heat-exchanged with surrounding
air, creating a fear of insufficient cooling of the chamber
of the refrigerator main body 105. Thus, for example, if

30 the compressor 10 is continuously run at a temperature in

the chamber of a range higher than +10°C to 20°C or lower

for 10 hours or more, or at a temperature in the chamber



- 25 higher than 20C for 20 hours or nore, the m croconputer 80

determ nes a start of defrosting in defrosting determ nation of step S7,
and forcibly stops the running of the conpressor 10 to execute defrosting
of the evaporator 5 92 in step S8._This_state will be described with
reference to FIG 7. In FIG 7, a broken Iine indicates a change in a
tenperature in the chanber when the running of the conpressor 10 is not
st opped ﬂd&ﬂx&tam@ndéﬂfﬁsfbngZOnh@hes1@rcmseepfthanni@n@uempwn@rn@Othereof

at a temp rature inth ha her than +10C byt equal to/lower than
20C det CRLBTpesna Sonstr SEaPEILENLanS: At e CRIREBE o1 for 10 hour s o

nore. A seldeddinie ilbpdicgatespasghangg 'fBr@1th9”§%6§tsurtﬁe' ruhhenghawber when
the running of the 15 conpressor 10 is stopped to execute defrosting in the

case of t@entcompegs sednAiingot keeeuteatedrrenpagardr 8henevhporehamber hi gher
t hang +10G byt equal oo/l ower than +20C for 10 hours or nore. As shown in
FIG™ 7, the evaporator 92 can be defrosted 20 by forcibly stopping the
conpressor 10Thist beataseiofl beodkkruabsdr wnnhngetbeeaot ab the.t gnperature
in the chanber higher than +10C but equal to/|ower than +20C for 10 hours
or nore. 'Cofiphred wht RTPKE cadBSof "A6FAEESPAI REATERe BoAPr essor 10 to

execute dehp@stiige anneak exchengl nacAScaLl Lahangy gf the refrigerant in

t he evaporator 92 after the defrosting can be I nproved, and the target
tenperatGp@prﬁﬁSDhel@hanbeptcahopeedeaohedeeatbydefhustlng iz pbssible to
|nqrove I|n

charber the gBHEEFﬁ?ggf%?%ggﬁérﬁﬁggé§f16§ %th nEe£$%gr§8h£Pﬁuous
runni ng chlaﬁ@eef hi B8eCORREASFR0°d Gl OTe LLPPI 18 lier SAHE, | Soget
- detected by the temperature sensor in the chamber 91 for 10
hours or more. A solid line indicates a change in a
temperature in the chamber when the running of the

15 compressor 10 is stopped to execute defrosting in the case

of continuocus running thereof at a temperature in the

chamber higher than +10°C but equal to/lower than +20°C for
10 hours or more.
As shown in FIG. 7, the evaporator 922 can be defrosted
- 20 by fecrcibly stopping the compressor 10 in the case of

continuous running thereof at the temperature in the

chamber higher than +10°C but equal to/lower than +20°C for
.10 hours or more. Compared with the case of not stopping
the compressor 10 to execute defrosting, a heat exchanging
25 efficiency of the refrigerant in the evaporator 92 after
the defrosting can be improved, and the target temperature
in the chamber can be reached early. Thus, it is possible
te improve a ccoling efficiency.
Furthermore, as the temperature in the chamber of the
30 refrigerator main body 105 is lower, the continuous running
time of the compressor 10 for stopping the same is set

shorter. Thus, it is possible to prevent freezing of the



shorter. Thus, it is possible to prevent freezing of the 26 articles
housed therein when the tenperature in the chanber is |low while inproving
t he heat exchanging efficiency of the refrigerant in the evaporator 92
after defrosting as described above.»5 (7) Control of increase in highest
rotational speed of conpressor Next, if the tenperature in the chanber of
the refrigerator main body 105 detected by the tenperature sensor in the
chamber @fGi&leswhopsednitbesedmpihen ghelbepperaisss the thiegkbambest at i onal

speed (MaxHa),Ofniihe GOIRLAS th%oheggrgsé?g@bﬁggwg%%ikggpggnggrature '

the chanber of the refrigerator nmain bo | ower e 0C, the

m cr oconplieere&@ igleirghttl yni ntkeeavapotrheolri §Restfterotiatfirosali ngpeed (e.g., 4
Hz) to rgg t he c%np%essor 10 15 (state of (3) of FIG 2). That is, in
addi ti on S EABdaFEPERent i oned control of the highest rotational speed

based on the quysicdatabl bemeecatuke, iwhenghbert eBperabiee shBehhgschanber
of the refrigerator main body 105 is loweréd to +20C, the m croconputer 80

i ncr ease§SORECHASGHest 20 rotational speed deci ded based on the outside air

temperat ure dgLeet od by, Lhe outside 8! ¢ .l eAReLALHLe Sepspr, 74 as descri bed

above to 4 Hz t0 fun"the conpressor I0; enpérature in the chanber
of the refrigerator main body 105 deepsttd BZO0Cher tkapetatuz2bd pressure of

the | ow side beconeg |O£L ccorginglx, pressure of the high side is also
| ower ed £GREPELIP FBSt REBAFBEKi dér 4Rt 1PN~ t RBer BLFrgePRRALterredit. 1f the

rot,at i on Ls. iner d._i hi t even n_th ressure of
thgﬁhighﬁéFﬁéggggghﬁfyH? g?égséggﬁél%ﬁ%%ng%§e94¥ﬁéfﬁgfcf%2Eh§o it is
possi bl ecbmppeeyent 1a. pr ebkreakahpas, abnennshei 86mnpag8ture in the

chamber of the refrigerator main body 105 is lowered to

+20°C, the microcomputer 80 slightly increases the highest
rotational speed (e.g., 4 Hz) to run the compressor 10

15 {state of (3) of FIG. 2). That is, in addition to the
aforementioned control of the highest rotational speed
based on the outside air temperature, when the temperature

in the chamber of the refrigerator main body 105 is lowered

to +20°C, the microcomputer 80 increases the highest

20 rotational speed decided based on the outside air
temperature detected by the outside air temperature sensor
74 as described above to 4 Hz to run the compressor 10.

When the temperature in the chamber of the

refrigerator main body 105 drops to +20°C or lower,

25 pressure of the low side becomes low. Accordingly,
pressure of the high side is alsc lowered to stabilize the
refrigerant in the refrigerant circuit. If the rotational
speed 1is increased in this state, even when the pressure of
the high side slightly increases as shown in (4) of FIG. 2,

30 it is possible to prevent a problem of an abnormal increase

‘which exceeds design pressure of the device, the pipe or

the like of the high side.




whi ch exceeds design pressure of the device, the pipe or the like of the
high side. - 27 Additionally, an amount of a refrigerant circulated in

the refrigerant circuit is increased by increasing the highest rotational
speed. Thus, an anount of a refrigerapty _heat-exchanged with air circul ated
in the evaporator 92 is 5 increased to enable i nprovenent of the cooling
efficiency thereof. As a result, an evaporation tenperature of the
refrigerant i mdddiargidnat gin gmguntalofo d gwdnddegenthodrculatEr) iof FI G

2, and t C r t.he .refr.i.gerat.or in dy. 105 can be.cool ed early.
10 As dersj%lrel rl}ge?}gﬁoe\%%n{]ﬁé‘rrﬁ%rtoggnﬁu e (?dc% ng‘}élscrtel"'fleSl gheest rotational
speed of HikgesanpreassaronH) based .on Thhe, eul sindeinal ot enperfativee sdet ect ed
by the outside air tenperature sensor 74, and increases the hi ghest

rotati onineats—&éfé?@am i ittHe adgnsridsddated iiethenevedrFetatud® it§ the 15
champer QfdRe Jeff MOk %p&o%%n%o%fd%%%ck%%_lQ%gt e rilapeLAt ur e
sensor in the chanber 91 is lowered to a predeterm ned tenperature. Thus,
it is possishyeoft.o iAfprovesulite eooleivagoefkftiicine teypefr atthiercewdpdhat or 92
while preventin n.abnormal _increase_,n.the_pressure of the high 20
side._FuFFggggegg'%elfhg%ﬁhg%ﬁgprggthgzréﬁrP&?PéaSWeﬁﬁq1asb5&f 5 can be
cool ed edml y.5)i bfi $IEASYI,bla@dt @hieMphaw®e rpeftl @hearee ralyetiAe 0g0oalaiifg
apparatus 110. According to_the enbodi nent, when the tenperature in 25 the
chanber &PYhé OtefAingdracerlng faBedy 105 is lowered to +20C, the

T PCTout o 0 GLARSRES bl BNESh EBkSRLARel $REt f8cd Sl o Lun the
i ncr easebdigheshi ghéstioobadt isperald sfetctle apdptrkespumdli balked on the
' outside air temperature detected by the outside air
temperature sensor 74, and increases the highest rotational
speed to run the compressor 10 when the temperature in the
15 chamber of the refrigerator main body 105 detected by the
~temperature sensdr in the chamber 91 is lowered to a
predetermined temperature. Thus, it is possible to improve
the cooling efficiency of the evaporator 92 while
preventing an abnormal increase in the pressure of the high
20 side.
Further, since the chamber of the refrigerator main
body 105 can be cooled early, it is possible to improve
performance of the cooling apparatus 110.

According to the embodiment, when the temperature in

25 the chamber of the refrigerator main body 105 is lowered to

+20°C, the microcomputer 80 increases the highest

rotational speed to 4 Hz to run the compressor 10.

However, the temperature at which the microcomputer 80

increases the highest rotational speed, and the numerical
30 value of the increased rotational speed are not limited to

the foregoing. They can be properly changed depending on a

size of the cooling apparatus 110 and a purpose of use.



30 value of the increased rotational speed are not limted to the
foregoing. They can be properly changed depending on a size of the cooling
apparatus 110 and a purpose of use. 28 According to the enbodi nent, the

m croconputer 80 changes the highest ggtational speed of the conpressor 10
based on the output of the tenperature sensor in the chanber 91 for
directly detecting the tenperature in the 5 chanber of the refrigerator
mai n body 105ANSTYINg ttéd the ambicdimegitey dhe rHErRicOreEdRBUBEr 80 may

change thﬁuﬂkﬂﬂ?%%e isel 1@§%”%%t%&ﬁ%%a LF% %dP%%P%§%$%Em£%e %%%dl%n’ €. g.

an output of” the tenperature sensor etecting the efrigerant
t enper at iressgh drheheutdugtpusi def ahet henp@ revaper atorso??2inl mheuch a case, by

usi ng the_.tenperatur sensor_.used for ,superheat degree control or the |ike
at the 5@Pﬁg¥”bfﬁtﬁ%réyéﬁﬁFiﬂgfﬁeﬁﬁgtﬁgﬁgéﬁﬁtGF§P§gﬁ§8Feiﬁntﬁée chanber
can e r et o ff ehCe I AduehioR &R3hS bogdinbisonalby, 14 ke t@hcirgconput er
80 may change the 15 highest rotational speed of the conpressor 10 based on

an out piish Hisweverpetieurd cgonspputer §6t sevi nhaaget shpehaubeetof
articles i refrigerator i_n__body.105.. IL.n such a case,
P QR Bs L of LBy COUPIBSesh 87 PRaconber it drs 81 the

stricter control can~be carrie on
articl es clapsed oifn thee t20peebriuger akdsomairprbadyet@ingwhaeeby it is

possi bl e %& . nprove control accurac%. According to the enbodi nent, the
ni cr oconPatértI8G Ao FEMBEY 2818 Fs “Ph&PPuRRIA§ T of 1ERe OéofPPessor 10 in the

casp of siposanbi-ngous munaLRg Lhereef 8t tbenherper abppe Lpythe 25
- chamber of the refrigerator nain body 105°set t6 +10C or  |ower for 30
m nut es 6ENROKFe ISRt iom thpetrbapér degreei notheolchanbke takgeahi gher than

ey BARICRr okOVRE £OLo80achR) 2nQ" cBREEraflr 8" ERSLOTROLRLTE T the
chamber can be removed to reduce production costs.
Additionally, the microcomputer 80 may change the
15 highest rotational speed of the compressor 10 based on an
output of the temperature sensor for detecting a
temperature of articles housed in the refrigerator main
body 105. 1In such a case, stricter control can be carried
| out based on the temperature of the articles housed in the
20 refrigerator main body 105, whereby it is possible to
.improve control accuracy.
According to the embodiment, the microcomputer 80

forcibly stops the running of the compressor 10 in the case
of the continucus running thereof at the temperature in the
25 chamber of the refrigerator main body 105 set to +10°C or
lower for 30 minutes or more, within the temperature in the
chamber range higher than +10°C to +20°C or lower for 10
hours or more, or at the temperature in the chamber higher
_ than +20°C for 20 hours or more. However, the continuous
30 running time or the temperature is not limited to such.
Proper changes can be made depending on a purpose of use

etc.



than +20C for 20 hours or nore. However, the continuous 30 running time or
the tenperature is not limted to such. Proper changes can be made
dependi ng on a purpose of use etc. - 29 According to the enbodi nent, the
continuous running tine is changed_bgged on the detection of the
tenperature sensor in the chanber 91 for directly detecting the
tenperature in the chanber of the refrigerator main body 5 105. Not limted
to this, homed%ﬁcoHQ#PQNQﬂwﬁhﬂn@mh@ﬁlgﬁntna?h@h@ﬁgélﬂﬁeuéoﬁuhﬁeegs runni ng

{1 e basedd o £ Grandthe p-0ULpU, ool b LETRSLALYT £pacTagb Lar det ecting

t he refrlgerant tenperature on the outlet” "Sirde "of ap ora
such a caﬁﬂuxhynmswm@ Khenkeﬂpéﬂaﬁu&edl@e&emyodeueedlhgrtﬁuperheat degree
control qr the like at the outlet of the evaporator, the tenperature

sensor i TYRETAHE o CAF KEEREYEd FBeréaééégsreBQEtmeﬁnceeey

~Addig i onalgsy, R QaRfiitRUOYS E%@@'nﬁo%bq@rHHXthmlﬁgéﬁgﬁSuQ@§egOon the
output of the tenperature sensor for 15 détecting the tenperature of the

artlclesHﬁGU§@@ﬂgﬁ the ﬁ@hﬁﬂ@@paﬁomunaﬂnqbbdmelbaseﬂnOsuch g.catbge stricter
control ed out based on the t er articl es housed
L B e e R0 s ek P e R HHEEE 8L HiE | o)

in the re gerator o inprove
contr ol ae@un@eyanzotEmpb&etﬁaeeonaeﬁerduﬂgetoS&he effbednent, the cooling
apparatus 110 is the showase installed at the store. Not limted to this,
however , SVRECEGSPIENg Zappafatisiiof £RES i RVeHELBA RHG BEMGSEatHEea

110 921 3eAonan Bl 0UB! LecVRIULndagREh! Poncot 20 AkhecoNght honeRe 20 8
appar at usutanpr c§eshehevepntrrobr, dekeceemhechtupat sehsotrhénspked of
rOtationcggmbg% can be removed to reduce production costs.
Additienally, the continuous running time may be
changed based oh the output of the temperature sensor for

15 detecting the temperature of the articles housed in the
refrigerator main body 105. In such a case, stricter
control can be carried out based on the temperature of the
articles housed in the refrigerator main body 105, whereby
it is possible to improve control accuracy.

20 _ Furthermore, according to the embodiment, the cooling
apparatus 110 is the showcase installed at the store. Not
limited to this, however, the cooling apparatus of the
invention may be used as a refrigerator, an automatic
vending machine, or an air conditioner.

25 As described above in detail, according to the present
invention, the cooling apparatus comprises the control
device which controls the speed of rotation of the
compressor between the predetermined lowest and highest
speeds, and the cooled state sensor which can detect the

30 cooled state of the space to be cooled by the evaporator
included in the refrigerant circuit. The control device
inereases the highest speed of rotation of the compressor

if the temperature of the cooled space detected by the



conpressor between the predeterm ned | owest and hi ghest speeds, and the
cool ed state sensor which can detect the 30 cooled state of the space to be
cool ed by the evaporator included in the refrigerant circuit. The control
device - increases the highest speed_ofyrotation of the conpressor if the
tenperature of the cool ed space detected by the 30 cooled state sensor is
| ow. Thus, it is possible to inprove the cooling efficiency of the

evapor at 6toWfd &t gfree\vEmsaty itshd cabnorTials i dr éas edssitie pressure of the

hi gh si de. erefore ihce e..space t e cool ed t he ..evaporator is
cogl ed e:lrrrllpflk,o% t%se SO B1% etfz)fqicr%per%éz eotfﬁé:%epéervfa&o ce éﬁutll‘?e cool i ng
appar at ushreAeearidigng Heo aidi riraMetnicaa sen iaddidd @ ds@urke cabewe, the

cool i ng %ggﬁgatus further conprises the outside air 10 tenperature sensor
whi ch det S -out si de air tenperature. The control device reduces the

hi ghest speed riRfr i@l 1 Q1 Rk G %‘f)%ree%%ork)evw&%%lte@ebg);gt?liede al r

tenperature detected by the outside™air tenperature se is high, and
i ncr easesvEpe thitghredts spedd@dofeardtyat iien ief polse b8 ec tpriespsovenwtér t he
[ is possible to effectively

outside ajr tenperature is |ow..Thus it

prevent ?’}?&égﬁfﬁ}éﬁ%ﬁ Olfﬁ&h?ag SLiRY REPFFELiSre of the hi gh side. According
to the presenhdodveithigOio the 68QkindongdPRAr AldS +GOMPicS @t BB oGRNT I ol

devi ce which controls the 20 speed of rotation of the conpressor, and the

cool ed si&feCoersde WRPERatHR durébert Rempadres $hat eustidheadpace to be
coooed DY hije ravaper akaboknghydad el the ERL LaRLant JGifeult. The contx ol

device sets the target evaporation tenperature o he refrigerant at the
evapor at tempageduor . 25Thke cbanpeilatierécef reHacesolthd apabesdetpetad by the

cool ed of rotation of the compressor when the ocutside air
temperature detected by the outside air temperature sensor
is high, and increases the highest speed of rotation of the
15 compressor when the outside air temperature is low. Thus,
it is possible to effectively prevent the abnormal increase
in the pressure of the high side.
According to the present invention, the cooling
apparatus comprises the control device which controls the
20 speed of rotation of the compressor, and the cooled state
sensor which can detect the cooled state of the space to be
cooled by the evaporator included in the refrigerant
circuit. The control device sets the target evaporation
temperature of the refrigerant at the evaporator based on
25 the temperature of the cooled space detected by the cooled
state sensor, and controls the speed of rotation of the
compressor so as to set the evaporation temperature of the
refrigerant equal to the target evaporation temperature at
the evaporator. Thus, for example, based on the
30 temperature of the cooled space detected by the cooled
state sensor, the control device sets the target
evaporation temperature of the refrigerant in the

evaporator in the relation of being higher as the



state sensor, and controls the speed of rotation of the conpressor so as
to set the evaporation tenperature of the refrigerant equal to the target
evaporation tenperature at the evaporator. Thus, for exanple, based on the
30 tenmperature of the cool ed space degected by the cooled state sensor,
the control device sets the target evaporation tenperature of the
refrigerant in the evaporator in the relation of being higher as the 31

t enper at W&PST AR Y] ddies paed & simagiverls WHehey wherebypassiilsl e to
prevent Lhe AN MY dGLEAS G A0S BLIS T2k G0 kIR i, Ther ef ore,
t he rotational speed”of the conpressor can be sét” to an optical speed to
i nprove tdfe thel ihdlyH istiyleand performance of the cooling apparatus.
According to invention, the contrqgl device sets the target evaporation

e |
tenperature i ﬁhhteﬁ@ PéCat it8F FrtRsrGals fREES RichARgEMRELESP TWRAEN

acc@rpaniyes satChange ioptiika11Qemperatime ot the ¢ealiadi3Race hn the
region of the high tenperature of the cool ed space detected by the cool ed
stat e seRsdforawddeacge the cleaddedt hppesktusi.ch acconpani es a change in

t he t enperat ur, f_ th ol.ed space.i.n th region of the |ow tenperature
of the cooledAsﬁggg}n%hég,tig FBVF§t68§gi§PS £ ngﬁﬁ oS VERE ES%Fing
ef fici enchei natrbetl ewapbeapevat teepeegiareofint RBeCcoeliad ispace Weiheg
effectively_ _preventing the abnormal increase in the pressure of the high
si de whi EfeddsiiPy CHEREPs thRTERE WPGRDt 8FFEFRENIES ﬁe@géﬁgﬁhéﬁeéhﬁ 20

Furfgher mpERpeirB+addi biFORKEO HRE ADQAYE @G GOEHLNGL ont BE kﬂgeﬂﬁéﬂn’ the
cooling apparatus further conprises the outside air tenperature sensor
whi ch detempsrahuget sfdéhei rooflendpepater det&heedohtyr bhedewbtedcorrects the

target state sensor, and large in change therecf which accompanies

a change in the temperature of the coocled space in the

region of the low temperature of the cooled space. Thus,

15 it is possible to improve the cooling efficiency in the low
temperature region of the cooled space while effectively
preventing the abnormal increase in the pressure of the
high side which easily occurs in the high temperature
region thereof.

20 Furthermore, in addition to the above, according to
the invention, the cooling apparatus further comprises the
outside air temperature sensor which detects an outside air
temperature. The control device corrects the target
evaporation temperature to be high when the cutside air

25 temperature detected by the outside air temperature sensor
is high, and corrects the target evaporation temperature in
the region of the high temperature of the cooled space
detected by the cooled state sensor based on the outside
air temperature. Thus, it is possible to achieve more

30 accurate rotational speed control.



evaporation tenperature to be high when the outside air 25 tenperature
detected by the outside air tenperature sensor is high, and corrects the
target evaporation tenperature in the region of the high tenperature of
the cool ed space detected by the cooled state sensor based on the outside
air tenperature. Thus, it is possibTe3 o achieve nore 30 accurate
rotational speed control. 32 CLAIMS: 1. A cooling apparatus conprising: a
refrigeramamig:cuit which includes a conpressor capable of. controlling a
speed of rotatron, and uses carbon 5 dioxide as a refrigerant; a control
devi ce wWHi-chZcoalding aphseadust coBpatiisdRdsf the conpressor between

pr edet er m ned EOW%?%&%Q%SR%Qggzggﬁip%ﬁgéh @pglgggggéfgaﬁ%gggsggnsor capabl e

of detecting a coo st a space an evapor at or
i ncl uded dapaktlle ofefoongenddting kcwipkedMer eonattienorhdoliseeviceaebioncr eases

a highest ,speed of rotation of the conpressor if a tenperature of the
coolsgd sPaCE1GE: 88t &d rﬁ&

apparat us accqy ¢ong i CledliMel whkiuht ReHL: r6aBPEI $1bBEAAR FOYLSLES Rl b
tenperature sensor which detects an outside air tenperature, wherein the
control d&¢ compreseasebetech gresietepmaned2dcwksitoratli bagbesthe

conpr essq e@%%n gg% outside air tenperature detected by the outside air
tenperatire sénsor  is high, and reduces the highest speed of rotation of

the conpressar coberdt Beaeut sedsoai tapenper atutetesthiay. a26odled cool i ng
apq%ratu%t%%gpgksgngﬁace to be cooled by an evaporater included in
the refrigerant circuit,
wherein the contreol device increases a highest speed
of rotation of the compressor if a temperature of the
cooled space detected by the cooled state sensor is low.
15
. 2. The cooling apparatus according to c¢laim 1, further
comprising an outside air temperature sensor which detects
an outside air temperature,
wherein the ccontrol device increases the highest speed
20 of rotation of the compressor when the cutside air
temperature detected by the outside air temperature sensor

is high, and reduces the highest speed of rotation of the

compressor when the outside air temperature is low.

25 3. A cooling apparatus comprising:
a refrigerant circuit which includes a compressor
capable of controlling a speed of rotation, and uses a
carbon dioxide refrigerant;
a control device which ceontrols a speed of rotation of
30 the compressor; and
a cooled state sensor capable of detecting a cooled
state of a space to be cooled by an evaporator included in

the refrigerant circuit,

RET@YG ed state sensor is low 15 2. The cooling



a refrigerant circuit which includes a conpressor capable of controlling a
speed of rotation, and uses a carbon dioxide refrigerant; a control device
whi ch controls a speed of rotation of 30 the conpressor; and a cool ed
state sensor capable of detecting a_cggled state of a space to be cool ed
by an evaporator included in the refrigerant circuit, 33 wherein the
control device sets a target evaporation tenperature of the refrigerant at
t he evapor at orlisged® dhea candsdr sleviecofsetive ac solrad ts paepodetdoned by t he

cool ed r, C | st e of _rotation of the 5
conpressg%ﬁg%uggn 0 §g?Q%ﬁ g@%&%ﬁ%?ﬁ%% %gnggFaFJF O%Ptg e%aﬁggrpﬁe?ant
equal to tdmpetrargete eapbialdoail cicerperat deecatedt bg enapebatien. 4. The

cool i ng gﬁparatus according to claim3, 10 wherein the control device sets

the tar gétt3&FapElsOTen e rpEtdtdte toe cRecFerdi geirantogt ofhéhévaporator in

a 1l at iQmppl AYINGhighel astt g Leaperatyns %mb@%aea%egg gpace is
hi gher based on the tenperature of the cooled space detected by the cool ed

state seﬁ?@FiGEEaﬁt Fasadoslo ngecappagatusvapoording tempkaniude wherein the
control @ %l%%agets the target evaporation tenperature in a relation of

bei'ng snal ﬁgﬁégrfhereof whi ch acconpani es a change in the

tenperature of the cooled 20 space in a region of a high tenperature of the
cool ed space detected by the cool ed state sensor, and |arge in change
t her eof W#hi cAN&cEBRPpARPeIPRAERAHGe AFROTHeNEehPeFabiMe3af the cool ed space

Inq@ region ofnarbey tRAPELALYLE AbviRE SEPQ! 8HeSPE¢Eet evaporation
temperature of the refrigerant at the evaporator in a
relation of being higher as the temperature of the cooled
space is higher based on the temperature of the cooled .
space detected by the cooled state sensor.

15 '
5. The cooling apparatus according to claim 4,
wherein the control device sets the target evaporation
temperature in a relation of being small in change thereof
which accompanies a change in the temperature of the cooled
20 space in a region cof a high temperature of the cocled space
detected by the cooled state sensor, and large in change
thereof which accompanies a chaﬁge in the temperature of
the cooled space in a region of a low temperature of the
cooled space.
25
6. The cooling apparatus according to one of claims 3 to
5, further comprising an outside air temperature sensor
which detects an outside air temperature,
wherein the contrcl device corrects the target
30 evaporation temperature to be high when the outside air
temperature detected by the outside air temperature sensor

is high.



25 6. The cooling apparatus according to one of clains 3 to 5, further
conprising an outside air tenperature sensor which detects an outside air
tenperature, wherein the control device corrects the target 30 evaporation
tenperature to be high when the outsiglg air tenperature detected by the
outside air tenperature sensor is high. 34 7. The cooling apparatus
according to claim6, wherein the control device corrects the target
evapor at i‘on ﬁ%ﬁbéKaﬁG@Q Eprefe thsgeegostinge thi ghaimeper at ure of the

cool ed space d ngorL ha Q the outside air
t enper at ur e. gﬁfﬁ%%é E%%A§%$6%%9 §%¥2E%T%%%5§§ %s p?o%%%gg a cooling

appar at usviebbip tdoinC It empait aitipeov e aheoekigignebfti ehenaygnhi | e preventing an
abnornmal increase in pressure of a high side. The cooling apparatus (110)

conpri se&eweﬁatﬁr@epénﬁha cegiledwmPareusSesectsrpby dhexiraelss a

ref rg ger%%ta,teas‘é%%brro!bag@ﬁ' 68 €8Q) ouwligh oRt ks tpeed of rotation of
the conpressor (10) between predeterm ned | owest and hi ghest speeds; and a
cool ed state sensor which detects a cooled state in a refrigerator main
body (105) to be cooled by an evaporator (92) included in the refrigerant
circuit. The control device (90) increases a highest speed of rotation of
the conpressor (10) if a tenperature in the chanber of the refrigerator
mai n body (105) detected by the cooled state sensor is low FIG 2






